RADIO INTERFERENCE IN AREAS OF HIGH FIELD INTENSITY
By P. 4. Young
Propagation Engineer, Crosley Brosdeasting Corporation

It 1s well known that Standard Broadcast
Recelvers located within reglons of high field
Intensity are especlally lisble to Interference.
In the FCC Standards of Good Englneering Prac-
tice, 1940 revision, it 1s staeted; "“The 'blan~
ket ared' of & broadcast station 1s defined as
that area adjacent to the transmitter in which
the usual brosdcast récelver would be subject
to some type of interference to the reception
of other stations Que to the strong signal
from the station.®

Certain published articles! have dealt
with one phase of such interference, but ante-
dating them are several uppublished reports?
of one organization relating eyperlence galned
by investigdtion of a great number of inter-
ference cases, Out of a total of more than
1,000 complalnts handled, 80% originated liside
8 one volt per meter contour and 95% occurred
within & one<half volt per meter contour., The
interference encountéred was generally separable
1nto two major typesy, (1) blanketing and
(8) cross modulations

BLANKETING

Blanketing occurs when & high level carrier
overioads a radio receiver. This Is evidenced
by broad tunlng about the fundemental frequency;
and 1s often accompanied by distortion and
blocking. Correetion entalls reducing the
blanketing frequency input level to the re<
celver by such means as 4 wave trap,

CROSS MODULATIOM

Cross modulation introduces an undesired
modulation on the carrler frequency of a desired
signal, This interference is created by inter-
modulation of two or more fundamental frequen—
e¢les transmitted through a ronllnear element;
intermodul ation produces spurlous frequencles
corresponding to the sums and differences of
both fundementals and thelr Iintegral multiple
frequerclies; also, the original modulation of
both fundamentals 1s combined to form a multiple
modulation imposed upon each fundamental and
spurious frequehcy radiated from a ¢ross modu-
latlon source. Cross modulation has two general
origins, (&) the input tube of a receiver, and
(b) &n external circuit element,

Receiver Cross Modulation ls calsed by
nonlinear tube response to high input. Cor-
rect ion procedure 1s, like blanketlng, to
reduce the input level of the interfering
frequency.

1sss appended Bibliographys:

External Cross Modulation Occurs Iin e non=
linear element of a clreult external to eltlier
radio transmitter or recelver, This circult
must possess means to collect radlo energy of
two or more fundamental frequencies, Inter-
modulate them, ¢ross modulate thelr initisl
Intellligence, and then rediate the resultant
multiple modulated fundamentals and spurious
frequencies. Some of the collectors most Ire-
guently found were metal roofs, downspouts,
gas and water plpesy furnace pilpes and elec~
trlc¢ wires.

Experiments have determined that sus-
talned cross modulation ls only generated by a
low impedance clrcult, The majority of non=
linear elements found were low pressure contacts
between oxldized metal surfaces. Those most
common were between BX and plumbing, gas and
water pilpes, furnace and water plpes, vent
plpes and metal roofs, and the Overlapped
Jolints in downspouts.

Experlence indfcates that cross moduldation
15 usually confined within the 50 mv/m contours
0t the affected fundamentals, Certaln excep-
tlons noted had one fundamental of only 10 mv/m
but in &ll such cases the numerlcel product of
both fundaementel fleld strengths in mv/m ex-
ceeded 5,000

Before any fleld work 1s attempted, partial
lists of possible spurlous frequencles should be
prepared, Select two fundamental frequencles
with high field intensity in the reglon ex-
periencing {nterference. Label these fre-
quencles fy and fp and substitute nhem in the

. following tab1e3

TABLE 1
£+t 1, + a2ty 2ty + fg
1 = fg Iy - 2f2r 2f1'- f2

The sign of the results have no signifi-
cance and can be disregarded,

2Unpub11:hed reports of Thé Crosley Radio
Corporation.:

a,Blanketing and Crvsatalk Studies to Jen-
vary 1, 1937, G: E. Branch, G, F. Leydor

b, Continuation of Blanketing and Crosata)k
stud:el tg May 1, 1937, G, E. Branch, J. C.
Bril Leydorf, P. A Young .

Ca Methoda of. Inveatxga!;ﬂa and CorreCtJng
Crosatalk as of August 28, 1937, G, E. Branch,
J« C. Brill, G. F. Leydorf, P. A, Yourng.

d,Reéport on Radio Interference Investigations
canducted durins the past year, Juné 3, 1938,
Js Cs Brill, P, Young,

3893 footnote 3f, mathematical analyais by

G. P. Leydorf, 80, Terman, Radie Engineears
Handbook, 1943, p. 647.
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EXaMPLEy

Suppose that fl = 580 ke/s; fp = 1360 ké/s
Substitute these values into Teble I to ob-
taln Table II shown below,

The terms of Table I that include an inte-
gral multiple do not signlfy the presence of
second harmonic., It 1s emphasized that ¢ross
modulation can be generated without the exist-
ence of a second harmonilc of any kind. It 1s
al«ao polnted out that ¢ross modulation may be
produced without a true rectifying asction, only
a2 nonlinear voltage=current characteristic
being required.

The spurious frequencies listed In Table
II are merely a small number of the total com~
binations that are possible. Cross modulation
may oceur without any of these particular fre-
quéncles belng present, However, 1f present
they do poslitively denote cross modulation.

Spurious frequéencies have been utiliged
1h correctlon work because they vary directly
with the interference level. Elimination of the
gource completely removes all these artirficilal
frequencies, whereas only the cross modulation
background disappears 1f listening to a broad-
tast station. TFarthermore, these spurious
frequenclies are st111 fairly strong when the

1+ A short—circult permanently 4and directly
across the nonlinedr e€lemegt. Example:
self~-tapping screws through both down=
spout sectlons at an overlap Joint,

2. An open~clrcult permanently insulating
the contact surfaces of the nonlinesar
element, Example: wood strips secured
by frictlon tape betweenr the contact
portions of gds and water pipes.

Elther correction method is gulte satis-
factory, the case of spplicatlon determining
the c¢hoice for each located sources

Bulldling design has been found the prin-
cipal obstacle to satisfactory correction of
external cross modulation, Most builldings have
numerous inaccessible metal-to-metal contacts,
such as plumbing and condult inslde wells, that
are potential interference sources. In large
structurés the required bonding or insulating
0f all casual metalilic contacts would entall
extensive bullding alterations.

Based on experience, some estimates of
satisfactory correctlion expectancy for cross
modulation doriglinatineg within various size
bulldings are presented:

Estimated Satisfactory

) ) . ) Structure Correction = §
undeslred modulatlon on the desired frequency -
1s reduced below an audible level. Therefore Single fomily home g5
Table I1 should be expanded to include all Two family home .80
radlp stations affording high field strength to Pour apartment building 50
the area under consideratio:. Ten apartment building 1

The test equipment required is a readily
portable battery recelver of high seéensitivity,
well shielded, and tunable over & reasonableé
range of spurlous freguencies, together with
an électro-statically shielded 1pop antenna.
Flexible shlelded 1eads and a harndle several
feet long will permlt the 1o00p to be readlly
probed gbout among pipes and wires. In use

the portable set 1s tuned to one of the spurlous
frequencles, & plpe or other conductor approacie
ed with the loop until a strong slgnal 1s
lotated, and then this conductor followed until
cofitdct witHh some otler metalllic object 1s
fourids The contact 1s varied by moving one
conductor and notlng any chanige 1n spurlous
signal., This procedure 1s continued with each
contact polnt belng corrected untll the spurious
frequency elther disappears or 1s so reduced
‘that no undesired signal 1s audible upon the
fundamental of the deslred statlon., Correctlon
may follow either of two procedures:

Much external cross modulatidn troubie
could be avolded by the adoption of adequate
bording and insulation practice in dbuilding
construction., The proper construction pro=-
cedures could be readily worked out by -Joint
committees composed of quallifled representa-
tives of the radlo Industry and the buliding
lndustry. It 1s nighly destrable that this
De done at an early date, particularly in
regard to houslng constructlon. .

B18LIOGRA PHY

D. E. Foster, A New Form of Interfereficg — Ez~
ternal Cross Modulation, R.C.As Review, April
1987

A, James Ebel, A Note on the Sources of Spuriois
Radlations In the Fleld of Two Strorng Slegns&ls,
Proceedings I+R:E.; February, 1942,

TABLE 11|
550 + 1360 = 1910 550 + 2780 = 3270 1100 + 1880 = 2460
550 - 1260 = 810 550 - 2720 = 2170 1100 ~ 1360 = 260
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PRACTICAL ANALYSIS OF UHF, TRANSMISSION LINES, RESONANT SECTIONS,
RESONANT CAVITIES & WAVE GUIDES

By J« R« Meagher & H. J. Markley

Field Engineers

(Reprinted by permission of RCA Service Company, Ing.)

PREFACE

‘ This paper was prepared as an aid to

the many members of our country's Armed
Forces engaged in the installation, operation
and maintenance of Ultra High Frequency
Radio-Electronic Equipment, It is hoped
that this paper will also benefit others
who are concerned with the design and pro-
duction of this type of equipment.

Every effort has been made to explain
the theories involved in the simplest manner
without the use-of mathematics. The contents
have been limited to subjects of current
importance.

TRANSMISSION LINES

A4 transmission. line is a means of transferring r-f
energy from a source to a load in an efficient
manner,

For simplicity, most of the illustrations in this
booklet show parallel-wire transmission lines, hut
the information also -applies to coaxial lines. The
similarity bhetween a section of parallel-wire line
and a coaxial section may be seen by fotating a
parallel-wire section about one wire so the outer
arm forms a cylinder as shown.

@_—A_g “— AXIS

The r-f voltmeter, referred to in the text, usually
consists of an r-f rectifier and meter which indi-
cates the rectified peak amplitude of the r-f volt-
age at any point along the line,

Standing Waves on Lines

/ R.F
VOLTMETER

7

R.E
SOURCE - —
- INEINITELY 'LO@G TRANSMISSIOM LINE
10 . . - ==
El MEASURED VOLTAGE ~
° e

DISTANCE —=

In this illustration, an r-f source is feeding r<f
energy into a transmission: line. If the line is in-
finitely long, the signal never reaches the end, and
therefore cannot be reflected, so there are mo
“standing waves.” The -f voltage measured along
the line gradually decreases due to losses in the
line.

4 R.E
Q VOLTMETER

R.F. 5
SOURCE . . ?‘\)

ANY LEHGTH“} RESISTIVE LOAD; MATCHING
OF LINE THE LINE IMPEDANCE

1f the line is terminated in a resistive load that

matches the line impedance (also termed “surge”
or “characteristic” impedance), the outgoing sig-
nal is comipletely ahsorbed hy the load. As a re-
sult, there are no reflections and no standing waves,
and the voltage is essentially the same at all points
along the line.

VOLTAGE MAXIMUMS OCCUR  VOLTAGE MINIMUMS* OCCUR
WHERE, OUTGOING AND WHERE OUTGOING

AND
REFLECTED: 'SIGNALS A\’D) REFLECTED SIGNALS OPPOSE.

4o

, F-x/z, _4-_’24“44

“~SHORTED

REFLECTION ALWAYS: STARTS
AT THIS END .

If the load is not resistive and matched to the line
impedance, it reflects signal back into the line,
The combination of the outgoing and reflected sig-
nal produces a standing wave on the line.

ROPE REMAINS STATIONARY
AT THESE POINTS (NODES)

WAVE MOTION
X\ 1S REFLECTED
N FROM THIS END,
. PRODUCING A
I USTANDING
WAVE™

ROPE MOVES UP AND DOWHN
BETWEEN THE NODES

This analogy shows standing waves produced by
wave motion and reflection on a rope. A similar
apalogy can he made to standing waves of sound
along a pipe.

Standing Wave Radio

Minimum Voltage

The standing-wave ratio = - —
) Maximum Voltage
This ratio indicates the ratio of mismatch of the
load impedance. ‘

In the example shown helow; the voltage at mini-
mum’s is 5, and the voltage at maximum’s iz 15,

DISTANCE —>

RESISTWE LOAD HIGHER
THAN CHARACTERISTIC
> IMPEDANCE ( Z)

souRcE | Kl
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5
The ratio is — or' 1 to 3.

15
Hence, the load impedance is either 3 times larger
than the line impedance, or one-third of the line
impedance. {In ‘the foregoing example, the volt-
age at the load is maximum, so the load impedance
is ]nvher than the line impedance.)

If the load has an appreciable reactive contpo-
nent the standmg—wa\e ratio is only a rough
indication of the lmpeddnce mismatch. This
can be seen from the curves in the appendix.

20
e B
o . .. RESISTIVE LOAD
LOWER THAN
DISTANCE ———= CHARACTERISTIC
. . . MPE DANCE (7}
SOURCE

In the example shown above, the voltage at the
Toad is minimum, so the load impedance is lower
than the line impedance.

Position of Voltage Minimums and Maximums

o Y

Low VOLTAGE,
HIGH CURREMNT

V‘SVORL‘}:EE l:
BHORTED
If the end of the line is shorted, the voltage at the
short is low and the current is high. The first volt-
age minimum occurs a half-wave back from the
end of the line.

\l‘—ﬂ’z*‘*—/z

" HIGH VOLTAGE,
Low CUQ!ENY

sbﬁ';g":s |
OPEN
If the end of the line is open, the voltage at the
end is high, and the current is low. The ﬁrst volts
age minimuin occurs a gquarter-wave back from the
end of the line,

REDUCE VALUE OF "C"AND MULL
MOVES BACK FROM END OF LINE
(APPROACHES AN OPEN CIRCUIT)

f«hxz—-+~*/z—m
R.F. :
SouRCE E X ASS N
REDUCE VALUE oF “L"AND NULL
MOVES BACK FROM END OF LINE
© (APPROACHES A SHORT CIRCUIT)
E “ L P R
T
R.F. y & .
SOURCE SL [%.[=Z.

For loads containing reactance, the standing-wave
will be shifted, depending on the mature of the
load.

Often it js desirable to speak of electrical degrees
rather than fractions of a wave-length:
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A= a5% + A = 1E0” wa=318"
=m0 £\ = 228" A= 360°
Ay =ja5g® 3y .
5)» 135! FA=270

Impedance at Different Points Along the Line

The impedance at any point along the line is de-
termined by tlie ratio of voltage to current at
that point: If the voltage is high, the current at
the same point is low, and therefore the impe‘é'lance
at that poirt is high.

If the line has low losses, and no energy is ubsorbed
by the termination, the lowdmpedance points are
equivalent to shortcircuits, and the high-imped-
ance points are equivalent to open circuits. If
there is energy loss in the line or termination, the
impedance tends to hecome more uniform along
the line. When the load matches the line, the
impedance becomes uniform along the line, and is-
equal to the “characteristic” impedance.

It should be noted that an open circuit, a short-

HIGH VOLTAGE | Low VOLTAGE
LOW CURRENT: /HIGH CURRENT
HIGH IMPEDANCE Low IMPEDANCE

CURRENT
(L1 ey ~ . wZ -
T 0 XK = VOLTAGE
. | R4 .
R !

m‘:_ S N TN N &~ IMPEDANCE

| b o]

et | - —J«— sHomTED
‘ — E
Z=7

circuit or @ pure reactance at the end of the line
will not absorb power. Standing-waves will there-
fore exist with such loads.

Summary~-Effect of Line Termination

(1) If a line of any length is correctly terminated
with a resistive load that matches the line
impedance, there are no reflections, and no
standing-waves,

(2) If a line is not correctly terminated, the sig-
nal is reflected back from the load and this
results in standing-waves.

(3) The value and nature of the load determines
the ratio of voltage at maximum and minimum
points along the line, and also the position
of these maximum and minimum points.

In most applications where a line is used to con-

nect a signal source to a load (for instance, to

connect a4 transmitter to an antenna) it is gener-
ally desirable to make the load match the line.

If the loed is not matched, the length of the line

becomes critical, and incorrect length may affect

the poweér output and frequency of the source.

When the load is matched to the line, the length

of the line is not critical. (“Matching” means

that the load must he resistive and equal to the
line impedance.)



Resonant Sections

Quarter-wave and half-wave sections and their
action as tuned circuits will now be considered.
This action will be explained on the basis of
change in impedance produced by standing waves
along an opened or shorted line.

When sections of line are used as tuned circuits,
their action depends on the existence of reflections
and standing-waves to produce the effect of high-

impedance and low-impedance tuned ecircuits.

Therefore, sections of lines, when used as tuned
circuits or transformers are either effectively
shorted or opened at the end to produce the maxi.
mum standing-wave ratio and the highest or lowest
possible input impedance, as desired in the ap-
plication.

Quarter-Wave Shorted Section

HIGH ’
IMPEDANCE [ 7N\ A
ZERO bl N 2 -
DISTANCE — ]‘_‘A)& __‘
— ] skorTED
LOOKS LIKE A j

HIGH IMPEDANCE, =
oRMOPEM CIRCUIT'

e
LOOKS LIKE A . : ’ 2 PARA
HIGH RESISTIVE _» l == = PTAL‘JNELS-EL
IMPEDANCE, OR e L 7 o CIRCUIT

SOPEN CIRCUIT . )
SHORTED

L R.F. [
SOURCE

The quarter-wave shorted section at the end of
the line looks like a high-impedance to the input
signal, and being tuned, it is resistive, The equiva-
lent conventional circuit is a parallel-tuned cir-
cuit, for it also has high resistive impedance at the
resonant frequency. ,
The action of a quarter-wave section may also be
explained as follows:
Le‘sje THAN:
Y ] 1
LOOKS LIKE =
A CAPACITY »7 T T
A section of line open at each end and less than
a quarter-wave long acts like a capacity.
LESS THAN

o

LOCKS LIKE -y .
AN INDUTTANCE —

A section of line shorted at one end and less than
a quarter-wave long acts like an inductance.

The capacitive reactance of a section 6f line one-
eighth wave-long, open at the ends, is equal to the
inductive reactance of a section of line one-eighth
wave long, shorted at one end: The values of

%]

<%
N

CAPACITIVE __ INDUCTIVE
REACTANCE — REACTAMCE

EQUIVALENT

NN
[ P

LOOKS LIKE A HIGH
RESISTIVE IMPEDANCE,
OR YOPEN CIRCLNTY

PARALLEL
TUNED
CIRCUIT

these reactances are equal to the “characteris-
tic” jmpedance. (The “characteristic” or “surge”
impedance depends on the size and spacing of the
conductors.) ,

If the two sections are combined, the result is a
regonant cireuit that has high-resistive impedance,
like a parallel-tuned circuit. )
(This example is given hecause it is simple to
visualize. Naturally, any two sections that add in
length to equal one-quarter-wave electrically will
have equal reactance and will produce the same
reslﬂ.t-) )

The voltage, current, and impedance relations for
a quarter-wave section are shown below:

MAX. K

E,LIORZ

A
HIGH VOLTAGE L — LOW VOLTAGE
LOW CURRENT —HIGH CURRENT
HIGH TMPEDANCE. L. LowW IMPEDANCE

Quarter-Wave Open Section

HIGH | /
IMPEDANCE |\ /\ /
ZERO - — > -

DISTANCE ——» *‘z‘_.[
f~ ,

Ry- F.
SOURCE

LOOKS. LIKE 4 sucar)

A L ‘
LooKS e SERIES
LIKE A~ = TUNED
SHORT ‘ CIRCUIT

The guarter-wave section at the end of the line
has very low input impedance, and, being tuned, it
is resistive. It is equivalent to & conventional
series-tuned circuit. :
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Half-Wave Shosted Section

RIGH
IMPEDANCE

. DL'ISTANCEf - A Vs ,

R.F. : . ‘
SOURCE — |
Looks LIKE A sHopT.

IMPEDANCE

. | W CURVE
[ cr A __A__..v — 7 SER)ES
I , TUNED
CIRCUIT

LOOKS LIKE "
A SHORT

Ay

The half-wave shorted section at the end of the

line also has low resistive input impedance. It
corresponds to a series-tumed cifcuit.

Half-Wave Open Section

HIGH |
IMPEDANCE | AR /
RO : ‘ .. '
DISTANCE —> ‘ 4
R.F T s
SOURCE —

LOOKS LIKE AN OPEM )
CIRCUIT

IMPEDANCE

- ]_ ) PARALLEL
= ==& TUNED
] CIRCUIT

(B —

l.C)OKSP LIKE
CIRCUI T

Th.e half-wave open section at the end of the line
has high input impedance. This section corre-
sponds to a parallel-tuned cireuit.

Tuning Characteristics of Resonant Sections

We have seen the four principal resonant sections:
1. Quarter-wave, s-horted} Equivalent to a par-
2. Half-wave, open allel-tuned circuit

3. Quarter-wave, open % Equivalent to a series-
4, Half-wave, shorted tuned cireuit

If a section of line is tuned above or helow the.

resonant input frequency (by making the line
shorter or longer) the effect is the same as in a
conventional tuned circuit: The section will no
longer look resistive. Either capacitive or induc-
tive reactance will predominate. This is shown
further in the tables on page 6 and in the graphs
at right.

Quarter-Wave Line ”

A SHORT
CIRCUIT

/E
] LOOKS LIKE AN
l ; 7 OPEN CIRCUIT
k—% —

E .
AN OPEN l . LoOKS LIKE A

CIRCUIT SHORT CIRCUIT

A quarter-wave line “inverts” the load as seen

by source,
The input impedance in the above cases can be
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 PARALLEL SERIES
o, 9
a ur
§ ET g IET
E o ;,3 ol _
& . /
e b 3 Y
o u o .,
, A PR
% % esy 1 + (MORE) — (LESS) “+7 (4oRE)
RESOMANT RESONANT
LENGTH LENGTH
€ A7 sHoRTED) {% orENY”

"lnverts” the Load

LookS LIKE A

A Low
“ HIGH RESISTANCE

RESISTANCE *~

A HIGH . LOOKS LIKE A
RESISTANCE {t ~— oW RESISTANCE

Z° -~ '\/Zm z:e'u'r

determined as follows: ,
. ) (Line impedanece)*
Input impedance = ———— ; :

Load impedance




Characteristics of Line Sections

OPEN- CIRCUIT LINES

SHORT CIRCUIT LINES

e D4 ] e 24—
_|_LOOKS LIKE A e .| —~LOOKS LIKE AN
CAPACITY = || = INDUCTANCE
NLESS THAN 34 I TILESS THAN /
B T i T S T
~ LOOKS LIKE A | LOOKS LIKE A
- SERIES REOSF?NANT ] » /gf\;é«&a}mbazsomm
% SHORT CIRCUIT ] % OPEN clRCUIT
I — N . ,
= [ 1 I '
, ¥ _-LOOKS LIKE AN ~LOOKS LIKE A L
- INDUCTANCE cteeech CAPACITY :
\BE'IFWEEN A anNp 34 MBETWEEN }/AND V T
B~ |+ LooKks LkEA E 1 | LOOKS LIKE o
— T ASS
‘ e | RESONANT
| T S| 7T SR |
% : /2 SHORT CIRCUIT ,

CHARACTERISTICS REPEAT WHEN MULTIPLES OF AN ELECTRICAL HALF WAVE

ARE ADDED:

Tuning Characteristics of

Resonant Sections and Conventional Circuits

WHEN INPUT FREQUENCY WHEN THE CIRCUIT (S

iS CONSTANT, AND THE CONSTANT, AND THE

CIRCUIT IS ADJUSTED | INPUT_FREQUENCY IS

| ADJUSTED.

ABOVE BELOW CONVENTIONAL RESONANT ABOVE BELOW
RESONANCE | RESONANCE | CURCUIT SECTION RESONANCE | RESONANGE
(SECTION MADE|(SECTION MADE

SHORTER) | LONGER) |
LOOKS LIKE | LOOKS LIKE N 3 LOOKS LIKE | LOOKS LIKE
£3 -

; . ‘ a2 (
INDUCTANCE ;APACITY AT RESONANCE THESE . _E CAPACITY : INDUCTANCE
Ke=>%) | (K> Xg) %' ﬁ?GU}.‘;TSELS'%%TVIEME M . x> xe) | Ke>x0)
IMPEDANCE, OR
“OPEN CIRCUIT” l-*— %
- E
PACITY | INDUCTANCE " N INDUCTANCE! cAPACITY
CAPACIT T i AT RESONANCE THESE ’ o
(Ke>XL) | (Xu>Xe) |CIRGUITS LOOK LIKE _ 8 (xe>%e) | Re>%0)
: A LOW RESISTIVE ',; : ‘
IMPEDANCE, OR 2N
"SHORT CIRCUIT /é

TUNED LINE CHARACTERISTICS REPEAT WHEN MULTIPLES OF AN ELECTRICAL
HALF WAVE ARE ADDED
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QUARTER:-WAVE MATCHING SECTION

The “inverting” property of a quarter-wave sec-
tioni can be puf to practical use when it is neces-
sary to miatch a line of one impedance to a load
of a different impedance. To 'do this, the section
must have an impedance caleulated as follows:

Ziing X ZLOAD

ZMATCHING SECTION = \

For example: A 500-ohm line can be matched to
a 72-ohim dipole through a quarter-wave section
of 190 ohims.

ei——— 72 OHM

) —— DIPOLE
500 OHM LINE , '
N e * 190 OHM
ANY' LENGTH MATCHING
SECTION

The line looks into a load of
(Z of matching section) ¢

- or 500 ohms.
Z of load

The antenna looks into a source of
(Z of matching section)?

Z of line

. or 72 ohms.

“INVERSION” OF CAPACITY AND
INDUCTANCE

Inversion of capacity and inductance cam he ex-

plained as follows:

- lé
- - Looks LIKE AN

e INBUCTANCE
] BETWEEN
L——' ¥, ANp Aj

An open section of line hetween one-guarter and
one-half wave long looks like an inductance to the
source,

e,

: < LOGKS LIKE AN
. -~ — INDUCTANCE

If & part (less than one-quarter wave) is replaced
by a capacity (an open section less than one-
quarfer wave looks like a capacity), the section
still looks like an inductance to the source.

/\E
B TR

i <+ CAPATITY

j e ——— -

| LessThAN

]
- BETWEEN 4 & 5+

A shorted section hetween one:quarter and one-
half wave looks like a capacity, If part {less than
one-quarter wave) of the shorted end is replaced
by an. inductance, the section will still look like a
capacity to the source.
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SECTIONS LESS THAN QUARTER-WAVE

LESS THAR
e B
N | LBOKS LIKE THE

(MATCHED)

IF RESISTANCE
1S EQUAL TO LINE

IMPEDANCE (

AN OPEN R — G y

N O z _LOOKS LiKE

?&:{'SION/LESS g A CAPACITY
4.

IF RESISTANGE
IS HIGHER THAN
LINE IMPEDANCE

ad
T
. [OoK® LIKE A ==
e~ CAPACITY WITH ‘%

SERIES RESISTANCE

. _

g:@ LooKS LIKE AN

4 INDUCTANCE
IF RESISTANCE

= LooKs LIKE AN
LESS i INDUCTANCE WITH |
LINE IMPEDANCE ' SERIES RESISTANCE

IF RESISTANCE
IS ZERO

IS LESS THAN

SECTIONS BETWEEN ONE-QUARTER AND
ONE-HALF WAVE

BETWEEN

&w LOOKS LIKE THE $

“~~ LINE IMPEDANCE
(MATCHED)

IF RESISTANCE
IS EQUAL TO LINE
IMPEDARCE

= _LOOKS LIKE AN
=~ INDUCTANCE :

OPEN

IF RESISTANCGE LOOKS LIKE AN
1S HIGHER. ‘THAN =— [NDUCTANCE WITH
LIME {MPEDANCE SERIES RESISTANCE

[’: : LOGKS LIKE =
A CAPACITY T

IF RESISTANCE LOOKS: LIKE A

IS LESS THAN { «—CAPACITY WITH ?

LINE IMPEDANCE . SERIES RESISTANCE

HALF-WAVE LINE “REPEATS" THE LOAD

A half-wave liné acts as a “double inverter™ and
hence will “repeat”™ whatever appears on the far
end:

H

IF RESISTANCE
18 ZERO

SHORT

‘ A,
el~ % l
AN OPEN M LooKS UKE AN

CIRCUIT T oPEN CiRCUIT
€

A SHORT ‘Looks LIKE A

CIRCUIT T SuERT CIRCUIT

LOOKS LIKE A
Low RESISTANCE

A —

RESISTANCE - -

A HIBH - <. LOOKS LIKE A
RESISTANCE = ; "~ HIGH RESISTANCE

ABAC Y == {0OKS LIKE A
A CAPACITY = - o

AN
INDUCTANCE é <

LOOKS LIKE AN

INDUCTANCE

A ‘ e
COMPLEX i LOOKS, LIKE THE

LOAD re——C——— SAME LOAD

A line that is any multiple of one-half wave has
the same characteristics.



The action of a half-wave section, or a line ciit
to a miltiple of a half-wave, is used extensively
in practical applications. For example, if a dipole
antenna with an impedarice of 73 ohms is to be
ccoupled to the output.of a transmitter, through an
open-wire line (spaced pair)} with a characteristic
impedance of several linnidred ohms, the line can
be cut to a miultiple of an electrical half wave.

i Y .. i
Tunmg Out’ the
One of the mxportant apphcatlons of tuned-line
sections is to “tune out” the effects of residual

capacitive or inductive reactancé in a load, so the
load will look like a pure resistance.

For example, assume that a 70-ohm resistor is used
to terminate a 70-ohim line, If this line, with its
resistor termination is ¢onnected to a slotted line
and checked for match over a wide range of fre-
quencles, it will be found that at some frequencv
the termination looks resistive. This is the resonant
frequency of the resistor. Above and below this
frequency the resistor has capacitive or induetive
reactance and no longer matches the line. In
other words, the resistor is not a “pure resistance”

at niost frequencies.

At the required operating frequency; the resistor
may look like a resistance with shunt capacity as
shown in “A.” If an inductive section of line is
connected to the termination as shown in “B,” it
may be adjusted to resonate with the capacity, to
look like a parallel-tuned ecireuit.

The line, tlicrefore, instead of seeing a resistance

with shunt capacity, now sees a resistance with &
shunt parallel-tuned ecireuit, as shown in “C.”

The ‘parallel-tuned circuit looks like a high re-
sistive impedance as shown in *D,” and, therefore,

STANDING WAVE. ON " TUNED " LINE

T3 OHM ] \/‘/_\\/W v
Drri‘?r%lﬁEA—. % LikE
4 (LIHE OF ANY IMPEDANCE 73 ORMS
T To MULTH OF TRANSMITTER
ELECTR\CA\_ HALF‘ WAVE

The transmitter will look into a load of 73 ohms,
regardless of the impedance of the line,

Reactance of a Load

has little effect on the total resistance. If the com-

bined resistance is correct, the line will be
“matched.”

‘ N
0 OHM <
oNe 7on g :?3

A'- RESISTOR WITH RESIDUAL
CAPACITIVE REACTAMNCE.

LESS THAN

,}(_ ;'4 ___t

76 OHM -
LINE . 70a % ;-
; 2 2

“B’- INDUCTIVE SECTION ADDED AND RESONATED
WITH CAPACITY TO THE IMPUT FREQUENGCY.

70 ok T
LIHOEHM 70“% T %r

“C”- EQUIVALENT CIRCUIT OF "B"

. HIGH ‘
% RESISTANCE
: ¥ oF TUNED
CIRCUIT

“DZ LINE NOwW LOOKS INTQ 20 OHM
SHUNMTED BY HIGH RESISTANCE.

£
Lovariage
SHORT

70 OHM
LINE Ton 2

Tuned-Line Sections— Types of Construction

The characteristics of tuned lines are used to good
advantage in UHF equipments. Quarter-wave and
half:wave sections are used. as parallel- and series-
turied ¢ircuits, as step-up and  step«down trans-

"L 15 AGTIVE LENGTH

TELESCOP|NG SLIDING BAR

INNER COMBUCTOR

SlidiNG DISK

€0-AX SECTION CO-AX. SECTION OPEN LINE SECTION

forniers, as impedance and phase inverters, and
even as insulators. Such sections of line take the
place of conventional tuned cireuits which hecome
too small and inefficient at ultra-high frequencies.
The tuned-line sections are made in hoth co-axial
form, and in open-line type, from metal tubes and
rods; generally silver-plated to reduce rf losses.
Some representative types of construction are
sketched at left. Methods of adjustment to reso-
nate the sections are indieated.

Some sections are cut short, and resonated with

an adjustable capacitor (indicated by dotted lines)
instead of being resonated with a sliding dise or
bar,

Quarter-Wave Sections as Transformers

A quarter-wave section {co-ax or “open-line” type}
shorted at the end; may he used as a step-up trans-
former, similar to a parallel-tuned auto-trans-
former. When a resonant section is “loaded” with
reactance, for example, connected to the grid of
a tube, the section must he readjusted to obtain
electrical resonance).
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A quarter-wave shorted section may be used as a
step-down fransformer.

Inductive coupling to tuned sections is sometimes

LW . Low

IMPED. — IMPEDANCE
DifoLE ./ DIPoLE

done as shown in the following two differemt

~Co-A~x Armsf on Tune‘d‘ Se:c.ti‘o.ns:

In push-pull UHF circuits, lengths of co-ax are
frequently used to form ‘the arms of one-quarter
or one-half wave shorted sections. This is done
for several reasons, including:

(1) The inner conductors may he used to carry
d-c and a-c supply voltages, or low-frequéency
signals, to the tube elements.

(2) The outer conductors can be srounded,

(3) A sliding bar on the outer conductors can be
used to adjust the electrical lengths of the
séction mentioned in (1) ahove.

In such applications, capacitors are used at the

end of the co-ax to place the inner and outer ¢on-

ductors at the samé r-f voltage.

An example of co-ax arms forming tuned sections

is shown in the illustration.

“A” is the quarter-wave shorted section required

“for input tuning. But it is necessary to take the
diode currénts to external cireuits, and (for con:

examples:
7 !
it ol T B OUT
¥i l; o ’
Aog g R A~ |
w145 our A Lk
ey T
TRANSM, +B =
\‘Bli
RESONANT
']CJRCU[T ”
i
| |
| |
e
L = 7
- L

TO EXTERNAL CIRCUITS

structional reasons) the arms of the section must
De grounded. “B” shows how “A™ is rearranged
to do this. The co-ax lines do not act as tuned sec-
tions by themselves, but form the arms of the
quarter-wave shorted section shown in “A.”

Miscellaneous Application of Tuned Sections

Tuned sections are put to many uses in addition
to that of replacing conventional tuned cirenits.

Some miscellaneous uses are described to indicate

geveral of the many applications.
(1) Use of Sections in Swiiching Circuits

In some equipments it is necessary at times to pre-
vent signals from “A* getting to “B.” This is ac-

pS

MATCHED
OAD

Ay

N

L ke
(o]
eomphshed by shorting the end of tlie one:half
wave gsection. By virtue of the action of one:half
wave sections, this short appears as a short across
“B” input line at “X.” The one-quarter-wave line,
being thus shorted at “X,” looks like a high im-
pedance to the signal from “A”

‘When it is &esned to leave signals throngh to “B,”
the switch is opened at the “end of the one-half
wave line, At “X,” the one-half-wave resonant
line now looks like an open circuit. With no short
at “X,” the one-guarter-wave section is simply

(@JL

an ordinary part of the line, and signals can pass

“B 39
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(2) Quarter-Wave Shorted Section Used as an
Insulator

(a] A quarter-wave shorted section looks like a
ligh resistive impedance. This fact is utilized in
some antenna systems. by employing one-quarter-
wave shorted sections as metallic stand-off insula-
tors to support and spacea dipole antenna ore-
quarter wave from a reflecting surface, as shown
Lelow:

DIPOLE (J= == FEED LINE
ANTENNA DIPOLE
e T ANTEN
V4 WavE SHopTED Ve ( NTENNA
SECTION USED AS * ]
METALLIC STAND-OFF | < REFLECTING
INSULATOR ; 4 j/ SURFACE

The quarter-wave scction looks like a high im-
pedance to the antenna feed line. (The feed line
can be run inside one ami of the quartér-wave
section.)

(‘b) Another example of a giarter-wave “insula-
tor” is shoWn l)elow, lo-félher with an analogy of

k4 !NSULATING SECTION
ACTS LIKE A HIGH Z
SHUNT ACROSS THE LOW
IMPEDANGE LINE.

EGUIVALEMNT
CIRCWUIT



(3) Line Balance Converter (Bazooka)

T some applications, it is necessary to cliange
from a co-axial transmission line (unbalanced,
since outer conductor is grounded) to a bhalanced
transmission line or load (beth condictors ap-
proximately the same impedance above ground).
A “bazooka” is used for this purpose: The action
is shown in the sketches, and may be explained
as follows:

UNMBALANCED BALANCED

: = 7 Mgl
PRINCIPLE OF TONVERTER BAZOOKA FORMS SHORTED
QUARTER WAVE SECTION

PLACING A AT WGEGH Z
TOo GROUND,

UNBALANCED

NPU BALANCED OUTPUT
To ANTENNA ARRAY,
IMPEDANCE MATCH[NG
TRANSFORMER , OR
TWO WIEE LINE'

R

1. The quarter-wave shorted section effectively re-
moves the rf ground from the end of the
outer conductor of the co-axial line.

2. Both the inmer and outer conductors of the
co-axial line are now at a relatively high im-
pédarnice above ground, and effectively balanced
to ground.

3. The bazooka may he used in reverse manner
1o feed from a balanced circuit to an iunbal-
anced circuit,

Characteristic

The impedance of a line (also termed “surge™ or
“characteristic” impedance) depends on the di-
mensions and spacing of the conductors, and the
diélectrioc constant of thie insulating material.

Neglecting Losses—

zt:ows = ] L'“E““;

\ C FARADS

In solid dielectric lines {as compared with air
dielectric) the impedance is reduced by the factor
v 1/k, where “K” equals the dielectric constant
of the insulating material (and has the effect of

(4) Half-Wave Phase and Impedance Con-

verier

The following arrangement is used in some ap-
plications. The action may be reversed, to feed
from high-impedance balanced input to low-im-
pedance unbalanced output,

808 sooa
;,_H . BALANCED
OUTPUT
50m
i '
50 oHM
UNBALANCED ==
INPUT
) In' 200.a.
56 OHM d * BALANCED
usséunceo S0 OUTPUT

(53) “Folded” Resonant Section

At relatively low frequenmes, the physical length
of a resonant section may be too long for con-
venient use; and a “folded” section may he used.
The effective length of the folded section is indi-
cated. by the dotted line. More than one “fold”
may be used for fuither reduction of the physieal

length.

o /- _, CLOSED
i | END
@==c===== —H) =
CONVENTIONAL
RESONANT SECTIOM
- FOLDED =
RESONANT
SECTION [

Line Impedance

increasing
formula) -

“G™ per unit length in the general

Aireraft Antenna Cable, using solid dielectric is
frequently 70 or 50 ohms. Seventy (70)-ohm cable
is convenient for wuse with quarter-wave dipoles
and other antennas that have a radiation resist-
ance of 70 ohms: Fifty (50)-olim cable is used ex-
tensively in conjunction with suitable matching
on low-impedance array-type antennas.

The two charts on the following page show how
the impedance of co-axial and parallel wire lines
varies with the dimensions and spacing of the
conductors,
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Impedance chart for air

dielectric co-axial lines.

Example: For a 50-chm

line, “D™ is 2.3 times larger

than “d”. For a 70-0hm

line, “D” is 3.2 times larger

than “d”.

NOTE: Refer to Seetion 6

6f NAB Handbook for en-
largements of these two
charts.
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Velocity Constant of Lines

Radio waves travel at a speed of 300 million

meters per second in air. The speed is reduced

in lines that have spacing insulators or solid di-
electric. In a sloited measuring line, with no
spacing insulators, the speed is essentially the samie
as in air.

The speed in solid-dielectric lines of high quality,
such as UHF aircraft antenna cable, is about 60-
70 per cent of speed in air. Reels of such ¢able
are tagged with the measured velocity constant
of a sample eut from the reel,

The fact that the velocity is less in the cable than
in air means that a wavelength in the cable will
be shorter than in air; since the wavelength equals
velocity divided by frequency. For example, a
wavelength in air at 100 me. is 3 meters, but in =
solid-dieleciric cable with a velocity constant of
65 per cent, a wavelength at 100 me. is only 3 x .65,
or 1.95 meters.
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The lower velocity in solid-dielectric lines is illus-
trated below. A 100 me. signal is fed through a

{- WAVELENGTH
11,95 METERS: }‘—

{-WAVELENGTH
lr" 3 METERS

00 MC. |
SOURCE

SLOTTED LINE

SALID DIELECTRIC LINE
OF VELOCITY CONSTAMT
= 0.65

AIR-DIELECRIC “LINE,
VELBCITY CONSTANT = {.0

slotted line (air dielectric) and into a solid di-
electric line that has a velocity constant of 0,65
(65 per cent of that in air).

A slotted line can be used to check the veloeity
constant of & co-ax cable.



The equipment is set up as showns

FINAL FIRST
POSITION

IRST ORIGINAL LENGTH
POSITION QF CABLE

EINAL LENGTH

‘OF CABLE —4(

R.F
SOURCE

ORIGINAL POSITION

FINAL POSITION
M OF VOLTAGE MIN,

OF SAME
VOLTAGE MIN:

The end of the cable is left open. Standing waves
are therefore set up along the cahle and slotted
line. The probe is set accutately at the first poirit
of minimum voltage at the cable-side of slotted

line. A piece of cable is cut off at the end of the
line. This shifts the voltage minimum point to
the left, and the probe is reset accurately to the
new position of the voltage minimum:

Thie ratio of the length of the piece of cable cut
off to the distance that the probe is moved is the
veloeity constant of the cable. (In practice, small
increments of cable are cut off until mearly the
entire length of the slotted line has heeén traversed
hy the probe. Each step is plotted, and the slope
of the line indicates the velocity constant).

As an example, if the length of cable ciit-off is 1
foot, and the probe lias been moved 2 feet, the
velocity constant is .5, or 50 per cent.

Standing -Wave Indicators for Open -Wire Lines

A small neon bulb may be used to show existence
of standing waves on open-wire lines, If the line
is correctly terminated [no standing waves) the
bulh will have constant brilliance as it is ‘moved
along the line.

Better indication can be obtained hy using a crys-
tal or diode rectifier and a 'meter, capacitively
coupled to the line as shiown.

=~

NEON CAPACITY CRYSTAL

BULB COUPLING ‘OR DICDE DET
OM. HIGH AND METER
POWER

Slotted Measuring Line

A “slotted line” is a section of co-axial line witli
a slot along the outer tube to permit loosely
coupling an r-f voltmeter probe to the inner eon-
ductor.

The slotted line is used to determine:

{1} Ratio of voltages at maximum and minimum
voltage points of standing waves along the
line. ‘

(2) Position of tlrese points with respect to a
“Reference™ point. .

From this data it is possible to deterpiine tlie re-

sistive and reactive nature of a load 4t a specified

frequency. '

BOX WITH
DETECTOR ™
AND METER

QUTER. - PROBE
CONDUCTOR: )
LBoX WITH
'DETECTOR
AND METER

PROBE = INNER  »

: coNplcToR
" TRACK -
PARALLEL TO
IHNER CONDUCTOR

STANDARD TYPE INVERTED TYPE

Some Principal Applications Are

(1) To adjust antennas for correct match to a
line at a specified frequency.

(2) To determine tlie resistive and reactive comr-
ponents of a load at a specified frequency; or
over a range of frequencies; i e., impedance
and phase angle.

(3) To adjust input systems of receivers, dummy
loads, etc., for correct match to a line.
Considerable care is taken in the design and con-

struction of slotted lines to secure:

(1} Uniform impedance throughout the length.

(2) Uniform spacing of the probe in its travel
along the inner conductor.

{3} Good grounding of the probe hox to the outer
conductor:

(4) Rigidity of the co-ax assembly, and minimum

slop in travel of the voltmeter probe.
The impedanee of the slotted line should équal
the impedance of the associated co-ax line. Some
slotted lines are equipped with two or more me-
chanically interchangeable inner conductors of
different diameters so the impedance can be
changed to mateh the impedance of commonly
used co-ax lines (70 and 50 ohms, and some 63 and
40 ohims).

The r-f voltmeter used in conjunction with the

slotted line is usually a diode of crystal detector

with a currerit meter and tuned input, capacitively
coupled to the inner conductor.

Diode and crystal detectors are insensitive and re-
quire a high-output UHF oscillator to excite the
line. It is sometimes possible to use the UHF re-
ceiver {from an equipment) as an indicator, fittinig
the input of the receiver with a suitable probe. In
this case, owing to the high sensitivity -of the re-
ceiver, a low-powered UHF generator miay be used

for the source.

WWhen adjusting antennus, the object in most
cases is to “match™ the antenna to the line. This
i¢ usually done by changing the antenna length
and/or the antenna matching stub for minimum
standing-wave ratio.

For seme antenmas, and in other applications of
the slotted line, it is necessary to determine the
resistive and reactive components and phase angle.
This requires checking both the standing-wave
ratic and the distance from 4 minimum (or maxi-
nium) voltage point with respect to a “reference”
point. This subject is covered in the appendix.
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Additional Data on Standing Waves

An a-¢ wave may be drawn as a change in voltage
during a period of time, as shown below.

TIM

[ =
m
¥

VOLTAGE

AC WAVE

A standing wave is not as easy to show, because it
involves changes in voltage with time, and with dis-
tance along the line.

The voltages between node poinis of a stariding
wave changes from positive to negative values and
back during the time equivalent to one cycle of
the r-f source. This r-f change in voltage is roughly
indicated by carves 1 to § and back in the follow-
ing sketch. :

VOLTAGE

DISTANCE ALONG LINE »—
STANDING WAVE

At some instant, the voltage along the line may le
shown by one of these curves. It will be noted
that the term “standing” wavé can be misinter-
preted. In a standing wave tlie pasition of max.
and min. points does stand still, hut the voltage
changes at the r-f rate.

When an r-f voltmeter is moved along the line,
it indicates the relative amplitude of the r-f volt-
age variation at each point along the line. The
reétified r-f current in the meter eircuit may be
zero at nodes, and increases to a max. when the r-f
voltmeter is moved to each voltage max. point.
Thus the measured standing wave appears as
shown below. (This is a sine wave with the nega-
tive half-cycles “flopped up.”)

1.0
i

i/

0

< x
Es
Y ”

RECT. CURRENT
IN R.F, VOLTMETER

T DISTANCE ALONG LINE —
By turning one of thié half-cycles down, as shown

in dotted lines, it will be seen that the curve is a
sine wave.

The standing wave that exists on the line is a sine
wave, providing the r-f source is sine wave: that is,
a fundamental frequency with no hermonics, For
slotted-line measurements, the generator must fur-
nish sine wave output. If harmonics are present,
some of the miin. points, with the line open or
shorted will not be zero.
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If the standing wave on the line is sine wave, the
measured standing wave will be sine wave, provid-
ing the r-f voltmeter is linear.

If the rectifier in the r-f voltmeter is not linear,
the measured standing wave will not be sine wave,
hut will appear as shown,

lpISTANCE ALONG LINE

RECT. CURRENT
IN RE VOLTMETER

By turning one of the half-cycles down, as shown
in dotted lines, it will be seen that the standing
wave, as measured with a mon-linear detector, is
far from heing a sine wave,

It will be noted that with a non:linear detector,
the voltage niin. points are not as “sharp” as indi-
cated in the preceding illustration, which shows a
standing wave measuired with a linear detector,

The graph on page 24 shows how a non-linear de-
tector introduces distortion in measuring a sine
wave standing wave,

This non-linearity causes error in medasuring
standing wave ratios. In some applications of the
slotted line, as for examiple when adjusting an.
antenna to “match™ the line, this error may he
ignored.

In other applications where it is necessary to de-
termine the standing wave ratio accurately; cor-
rection can be determined in this way:

1. Plot the standing wave 4§ measured with the
particular detector at the desired frequency,
with the line open or shorted, and with the
venérator output adjusted for exactly full-scale
deflection at the max. voltage points.

2. Construct a sine wave (half-cyclé) on top of
the measured standing wave, with zero and
max. points coinciding as shown in the graph
on page 24. The sine wave indicates the cur-
rent that would flow if the detector were
linear.

Assume that a particular load produces a standing
wave with a measured ratio of

VOLTAGE MIN, 021 038
VOLTAGE MAX. 06

Reference to the curve shows that the value of 0.21
on the measured eurve corresponds to 0.39 on the
sine wave curve.

Also the value of 0.6 oni the measured curve corre-
sponds to 0.71 on the sine wave curve. The cor-
rected standing wave ratio is therefore

0.39 ) I

f———l = 0.55 (instead of 0.35).

0.7



Wave

A wave guide is a simple hollow metal tube hav-
ln'r no central ¢onductor. The losses are relatively
low, since they will be produced mainly by the
“inner skin” of the tube (which is of large perim-
eter and hence gives low loss). The inner surface
should be clean and smooth. The outer surface can
be grounded 4t any point since the r-f penetrates
only a thin skin of the inner surface. Sharp bends
are usually avoided, and all bends and twists are
arranged to prevent a change in “mode” of propa-
gation, or reflections. Instead of a hollow metal
guide, a solid dielectric may be used as a wave
guide. The action in this case is comparable to
light waves traveling inside a lucite rod. In gen-
eral the loss in a solid dielectric wave guide is
greater than in a hollow wave guide.

A wave guide cannot be conveniently treated like
an ordinary transmission line. Wave guides must
be approached from the viewpoint of an electro-
magnetic wave in a dielectric, nsing the same basis
of treatment as thiat of radiation.

Wave guides may be rectangular, round, or oval.
At the present time, rectangular wave guides are
most simple and common; this discussion will refer
to rectangular wave «rmdes for the most part, but
much of this information can be extended to guides
of other shapes.

The following development of a simple type wave

guide is mtended to serve as a means of bridging
the gap hetween transmission lines and wave

guides, although they operate on different
prmclples.

TW0 - WIRE
TRANSMISSION
LINE

% sHorTED &

Above at left is shown a section of two wire trans-
mission ling, A quarter-wave resonant stub has
been added across the line, The ends of the stub
where connected to the transmission. line, will rep-
resent a high inipedance—many times higher than
the impedance of any practical two wire transmis-
sion line. As a result the stub will have a negligible
effect.

Suppose an infinite number of quarter-wave
shorted stubs are added; resulting in a continuous
pipe of rectangular cross section, or one type of
wave guide. See illustration above.

“a”—Has a ‘minimuwi dimension of half a wave-

length (in order to-propagate a signal) but
it may be greater: The “cut-off” frequency
depends on dimension “a”,

Guides

@y

—1Is not critical except for voltage breakdown
or the possibility of operation in a wrong

“mode”.
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TOP VIEW OF A SIMPLE WAVE
GUIDE , SHOWING. MAGNETIC FIELD.

WAVE~ GUIDE FIELDS

For a simple rectangular wave-guide, the electro-
static lines of force and density of distribution of
the E & H fields are shown in the illustration. The
electro-magnetic lisies of force may be thought of
as “whirlpools” in a plane, perpendicular to the
electro-static lines of force, traveling down the tube
in the direction of propagation. A rectangular
wave guide will transmit satisfactorily if the com-
ponent of the electric field tangent to the side sur-
face is zero at every point on the surface.

A two-wire and a co-axial transmission line are
shown with the magnetic and electrostatic fields
indicated. A transmission line may be thought of
as a gitide for magnetic and electrostatic fields.
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7.

10.

For some purposes, ustially test, a wave guide
may be matched to air by increasing the in-

ternal cross section of the guide slightly at

the “air” end; normally an 1-f choke, as shown
above, is-also used.

The end of the wave guide may also he flared

outward (increasing the cross section) and
used for radiation.

A wave-guide attenuator may consist of a
movable metal partition as shown below; the
attennation increasing as the partition is
moved in:

METAL PARTITION
MOVED N TO
INCREASE
ATTENUATION

ATTENUATOR.

TWAVE GUIDE

Standing-wave ratios are checked in a manner
similar to that used for a co-axial line. A
section of wave guide with a narrow slot
arallel to the axis of the wave guide (located
in the maximum of the electro-static field) is
used: A probe with a “crystal detector” or
an instrument fuse (1/200A heated to almost
the blowing point by d-c} is used to detect
the presence of standing waves, as with a
slotted co-axial measuring line. Due to the
much liigher frequency, measurements are
considerably more delicate.

A section of wave guide may be used as a
tuned circuit or as a transformer. In the ac-
companying illustration, if rf enefgy is in-
troduced at “X,” reflection will oceur at the
closed ends, If dimension “C” is correct, the
1-f voltage will be reinforced at “X.” In this
example “C” is a quarter of a (guide) wave-
length, however other lengths inay he used as
long as the reflected voltage arrives hack at
“X” in phase with the r-f source.

The resonant effect is due to reflections (from
the closed ends) setting up standing waves in
the guide. The action is similar to that of a
“cavity resonator.”

The r-f energy may be introduced inductively,
capacitively, or by radiation. Output may
be obtained in a similar manmner,
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11. Sections of open and closed wave guides may

12.

be used in switching eireuits, ete. In the fol-
lowing examples where a quarter or three-
quarters wavelength is indicated, any odd
multiple of a quarter wavelength may be used.
Where a half wavelength is indicated, any
wmultiple of a half wavelength may Dhe msed.
{Electrical wavelength in the guide is re-
ferred to, not physical length).

In the illustration helow an intermittent short
at “D” (mechanical or by means of a special
tube) is used. A short at “D’ will result in
effectively a “solid wall” looking in at point
“X” when “D” is shorted. ‘

“x*  RECTANGULAR

4 | WAVE GUIDE 7
( 3 , RE
".'5%3 — 4 i ‘_2: SOURCE:
Pt
A .3
4| |4 D=6uiDE

INTERMITTENTLY
CLOSED OFF HERE

In the fpllowing zilIustra\tion an intermittent
short at “D” {mechanical or by means of a
special tube) is used.

+< CLOSED END

D~ INTERMITTENTLY
f SHORTED
B

= éseé%aca

kMAl‘N; RECTANGUL AR
WAVE. GUIpe

\\“X e

W hen “D” is shorted, eficctively a “solid wall”
will result at the junction of the closed stub
to the main wave guide. Paths “Y” and “U”
nray receive energy.

When *“D” is not shorted, effectively a “solid
wall” will result looking in at point “X™ which
is two half waves (a full wave) from the
closed end. There will be no transmission in
the direction “U” bhut there will be transmis-
sion in direction “Y.”

A typical wave guide in practical use now,
which happened to hie a standard size of rec-
tangular tubing:

Width—about 1.5% greater than a half wave-
length (about as small as can be used).
Thickness—about 449 of the width.
Wavelength—about 40% longer than in air
(standing-wave measarement),

Loss—about 1/10 db per meter correctly
matched). )
Standing Wave Ratio—of as high as 3 to 1
may be tolerated.




Cavity Resonators

Cavity resonators are tuned resonant circuits for
extremely high frequencies where it hecomes im-
possible or impractical to use tuned lines or
lumped cireuits.

No unique definition of L, C and R c¢an be found
in a cavity resonator. A cavity resonator is similar
to a wave guide in that eleciro-magnetic lines of
force oscillate back and forth within the cavity
in some paiticular mode, depending upon the
shape and method of excitation of the cavity:

UHF cavity resonators may be compared to con-
yen‘t‘i?o‘na'l acoustic resonators. An example is the
boemy sound in a room with smooth hard surfaces
(good acoustic reflectors). Sound from a source
will be reflected from wall to wall with only slight
absorption of energy at each reflection. If the
frequericy of the sound is such as to produce stand:
ing waves between two surfaces, or combination of
surfaces, the sound is reinforced. The resonant
frequency depends on the room dimensions. The
“Q” depends on the reflectivity of the walls and
other losses.

Developing a Simple Resonant Cavity

If it is desived to increase the resonant frequency,
we can parallel the inductances “L,” thus making
the equivalent “L” quite small. There are limits
as to how small “C” may be made practically, so
the only thing left to do is to decrease the effective
“L” of the circuit in order to ture to a higher
frequency. See diagram at.right,

. ADDING MoRE L’s

B IN PARALLEL
L o4 L THUS INCREASING
T RESONAMT
REDUCING FREQUENCY.
EFFECTIVE “L"

As shown at the right above, more and more in-
ductive stubs may be added, thus decreasing the
effective “L” and increasiig the resonant fre-
quency, If this is carried on fo the extreme; a
closed chamber or resonant cavity results, (Strictly
speaking, it is not proper to talk of the inductance

of a cavity résonator.)

: Modes of Operaﬁon of Cavity Resonators

t-f—,a __.1\(:‘1
b

N

Consider a rectangular section. The description of
the “Mode” would be given in terms of electro-
magnetic fields and various frequencies. Various
frequencies of oscillation (different modes) are
possible, because wave energy may he propagated
and reflected froni various surfaces. There is also
the possibility of an oscillation that is 4 harmonic
of the basic wave. Two important points in cavity
resonators are {1) how oscillations are forced and
{2) how energy is removed. They will effect the
mode of operation.

The 1 energy may be introduced to or removed
from the resonant cavity, inductively, capacitively,
or by radiation.

The energy is in the electrostatic field at one in-
stant and in the magnetic field an instant later,

oscillating from one field to the other at the fre-
quency of the applied energy.

In referring to cavity resonators the idea that a
conductor is always an “equipotential surface” is
untrue; voltages and currents reverse themselves
in a space mieasured in centimeters, An -electro-

static field can terminate only on electrical charge,

hence there must he appropriate distribution. of
charge on the surface. A magnetic field can cease
suddenly only on a surface carrying current, hence
there must be current flowing in the inside sur-
face of the resonator (only penetrates a very thin
skin of the metal sturface and cannot be detected
on the outside of the Fesonator).

A general statement, for simple resonators, can be

made that it is necessary to have a dimension of
an electrical half wave or multiples of a half wave
since the electrostatic field is a maximum at the

" center and minimum at the sides of a simple

resonator, otherwise the electrostatic field would
be shorted out. (Refer to the data covering a sec-
tion of wave guide used as & tuned circuit.)
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Position of Standing Waves for Various Loads

With the load short circuited, any convenient point
of minimum voltage on the slotted line may he
used as the “reference point.”

To determine KX° by the position of voltage maxi-
mum, place the scale so 0° is at a reference point,
as shown at top of following chart.

To determine KX° by the position of voltage mini-
mum, place the scale §0 90° is at a reference point,
as shown at bottoni.

The answer is the same in either case.

Owing to the “sharper” indication, it is generally
preferable to use a minimum voltage point to de-
termine XX°, However, when using a relatively
low frequency, a half-wavelength may be longer
than the slotted line and the minimum voltage
points may fall beyond the ends of the slotted line.
In such cases, it is possible to nse a maximum volt
dge point in determining KX°.

The procedure is to short citcuit the load and lo-
cate the minimum voltage point nearest the load
end of the slotted line. Use this as the “reference
point.” (If the minimum voltage reference point is
not ¢lose to the load end of the slotted line, change
‘the length of the transmission line so that the
minimum voltage reference point is near the load
end of the slotted line. Place the prepared scale
(shown in previvus sketch) so that the zero-degree
mark is at the reference point.

Remove the short-circuit and locate the first maxi-
mum voltage point from the referenee mark (on

CAPACITIVE | INDUCTIVE KX°® SCALE
LOADSZ, [LOADLF|LOADL B, Lwri‘.l LOAD: END

188° 135"  90% 45° o )

LOAD IMPEDANCE
RESISTIVE,

LESS THAN Xy, OR
i SHORTED, ~

GEN, END

RESISTIVE,
%. MORE THAN Z,,0R
" OPEN.

INDUCTIVE REACTANCE,
EQUAL TO Z,,

INDUCTIVE,
LESS THAN Zo.

- ) - L3 INDUCTIVE,,
A MAx, | MORE THAM Ty,

4 . CAPACITIVE REACTANCE,
MAX, e EQUAL TOZ,.

) T—J ' CAPACITIVE,
* B N 4 LESS THAN E,.

CAPACITIVE
MORE THAN Z.

[ U SO SN S

CAPACITIVE. | INDUCTIVE |
LOAD > Z,{LOADL Z,| LOAD < Z,| LoD > F,}

generator side of reference mark). The reading on
the degree scale at this maximum voltage point

is KX°,

Load Connected Directly at End of Slqtted Line

In some applications, the load is connected directly
to the end of the slotted line, without using a
transmission line. In this case the question of using
the minimum or maximum voltage point in deter-
mining KX° again depends on the required operat-
ing frequency and the length of the slotted line.

With relatively high frequencies, use the first pro-

cedure (in which a voltage minimum is used in
determining KX°),

With relatively low frequencies, use the point
where the load is connected to the slotted line as
the “reference point.” Place the scalé so the zero
degree mark is at this reference point. The first
maximum voltage point, from the reference point,

is KX°,

Note on Obtaining Maximum Voltage Point

le— MAX. POINT

“F T

&

~|~

DISTANCE — &
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As an aid in obtaining accurate location of ‘maxi-
mum voltage points, it is suggested that two volt-
ape points of equal magnitude be selected, one on
each side of the maximum point, then choose the
distance half way between thiese two points as the
maximum point, This same system may be used
to determinie the location of minimum voltage
points,



Charts for Use with Slotted Line

Z¢ =CHARACTERISTIC IMPEDANCE (SURGE IMP) = ANGLE OF LOAD IMPEDANCE
OF CONGENTRIC TRANSMISSION LINE OR
PARALLEL WIRE LINE.

2= MAGNITUDE OF LOAD IMPEDANCE (TERM IMP)
AT END OF TRANSMISSION LINE
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Charts for Use with Slotted Line
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Effect of Non-Linear Detector
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Abridgement ot Design Data for Beaded Coaxial Lines

By C. R. Cox

Andrew Company, Chicago, Tllincis

" Reprinted Through Courtesy of Electronics

Beaded Coaxial Lines are sometimes called air-
dielectric lines, because most of the space ‘between
the two conductors is occupied by air or some other
gaS¢

Beaded lines, utilizing conductors made of
rigid or semiflexible copper tubing, have long
been used in broadeast, police, and other trans-
mitting installations, and now arebeing installed
in bundreds of new f-m and television stations.

Compared to solid-dielectric cables, beaded
lines offer the advantages of higher transmission
efficiency, partlcularly at uhf and vhf, and higher
power-carrying capacity. They also, have superior
resistance to heat. However, lack of flex1b111ty
and the inconvenience of havmg to maintain an in-
ternal gas pressure combine to make the beaded
line undesirable in portable equipment.

CHARACTERISTIC [MPEDAHCE OF BEADED LINES

Inabeaded line, the regularly spaced inner-
conductor supports introduce reflections whose
effects depend on insulator spacing and frequency,
and on the size; shape, and electrical character-
istics of the insulators. When the bead spacing
is small compared to a wavelength, it is a simple
matter to calculate an average capacitance per
unit length and an average characteristic impe-
dance and thus reduce the analysis to that of a

ATTENUATION, PERGENT
INCREASE. ABOVE MINIMUM

L .y
Fid

s}

uniform transmission line. As the bead spacing
approaches a quarter wave, however, the recurrent
discontinuities due toinsulators cannot be aver-
aged um.fOrmly:m respect to length, and a more in-
volved analysis is necessary.

‘Characteristic impedance is normally defined
as the impedance looking into an infinite length
of line. Inabeaded line, the characteristic im-
pedarnice is defined only at the midpoints between
insulators. At all other points, the character-
istic impedance includes a reactive component.
The 1mpedance maybecalculated from Eq. 1 below,
provided the proper lnberprer,atlcn is given to k,
the average dislectric constant.

Zs = 138 k717 logy (b/a) M
When the bead spacing is less than 2 percentof a
wavelength, the factor k may be determined from

=W (K~1) + 12]/12 (2)

OPTIMUM IMPEDANCE VALUES

Any choice of a standard characteristic im-
pedance must be a compzomlse between iechanical
convenience, attenuation, power-handl ing capacity
(flashover), and temperature rise: The relation
between these factors and the diameter ratio is
shown in Fig. 1. The curves suggest the following

~ELECTRIG FIELD AT SURFACE
{,+” OF INNER CONDUCTOR, PERGENT
INGREASE ABOVE MINIMUM

~--PERCENT DECREASE IN POWER

RATING FOR FIXED TEMPERATURE

RISE IN INNER CONDUCTOR

'.'
a
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o
.
"
»

—

"
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7 |
O
N
1
.
+
L

.. =12,

<7, = 769 FOR kx|

FIG. 1—Effect of dianieter ratio b/a (which delermines characteristic impedance as

set forth In Eq. 1) on attenuaiion and on power-handling capacity as limited by flash:

over and by lemperature rise. (Temperature-rise curve calculated from data compiled
by H. B. Thomas of the General Elsctric Ce.)
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optimum impedances: for maximum power-handling
capaclty as- limited by flashover, 30 ohms; for
maximum power-handling capacity as limited by
temperature rise of inner conductor; 38 ohms; for
‘maximum transmission efficiency, 77 ohms.

In practlce it has become’ common to use 70-

ohm cables in standard broadcasting and 51.5-ohm

cables in f-m and televisionbroadcasting. These
two impedances are also standard for solid-
dielectric lines, and hence it is possible to
connect rigidand solid-dielectric lines together
without matching sections.

‘Tolerances or characteristic impedarce in

standard a-m broadcasting, where the lines are

sometimes short and standing waves are frequently
ignored, are mot as important as in television
where requirements are severe, and a 10 percent
standing wave is thought to be the maximum allow-
able for proper system performance. Since varia-
tions in antenna impedance over the television
channel may account for most of the 10 percent,
it is thought desirable tohold the characteristic
impedance of the line to within plus or minus 2
percent.,

The effect on characteristic impedance of
variations in conductor dimensions and dielec-
tric constant of the insulating material may be
determined by differentiating Fq. 1 and 2 above,
treating the differentials as increments.

Az =222 @)

vk b
60 Aa
ag= 24 4
/ o @)
; WZoAK™
AZ=-—57 5)

INSULATOR SPAC!NG

Two contradictory requirements influence
the determirnation of insulator spacing. Close
spacings are desirable for constant impedance
and to make the line as uniform as p0551ble.
Large spacings are desirable to minimize insu-
lator loss. The practlcal solution teo this
dilemma has been to keep insulation less down
by making the insulators as small as possible
consistent with mechanical strength. The spac-

Cutaway views of coaxial cable “with centering bead (left) and Ildrge:-diameter line
employing cross:pin construction
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FIG. 2~—Boaded coaxial transmission line termingted by an admilience

ing is then selected so that the impedarnce at
the highest operating frequency differs from the
low-frequency value by not more than 2 or 3 per-
cent, This principle has led to spacings of 12
inches in lines used for f-m and television, at
frequencies from 44 to 216 moc. At standard
broadcast frequencies insulator spacing is not
as important, and may be determined from mechan-
ical considerations alone.

A mathematical expression for the imped-
ance of a beaded line, in which insulators are
spaced 2 percent or more of a wavelength apart,
is easy to formulate but difficult to solve
rigorously., To begin, it is convenient to write
the familar impedance transformation equation
in terms of admittance

_ [ Yreos Bl ¥osin gl
Yecos Bl+ 7Y .sin Bl
In the above, Y. is the characteristic admit-
tance of the line without any bead effect. The
problem is illustrated in Fig 2, in which ¥} is
an arbitrary load admittance. The charact;erlst,lc
admittance of the line with beads is; by defini-
tion, that value of ¥, which appears unmodified
at point P after bransformatlon by two sections
of line of length d/2 with the capacitance due
to a bead connected across their junction (at
point B

(6)

GRAPHICAL SOLUTION

The admittance at B, is the admittance of
the bead (Yp = jwC) plus the admittance due to
Y, after transformation by d/2, as in Eq. 7
(Table 1). The admittance at point P is then
given by Eq. 8, and the characteristic admit-
tance ¥, of the line with beads is obtained by
1nsert1ng the value of ¥; from Eq. 7 into Eq. 8
as 1s done in Eq. 9. Slnce ¥, must be a pure
conductance, the desired solutlon is that value
of ¥, =Y, which causes the reactive term on the

rlght-hand side of Eg. 9 to vanish. The char-
acteristic¢ impedance is then
Zo=1/Ys (10)

By using the Smith transmission line chart®
a graphical solution of Eq. 9 is possible. Fig~
ure 3 shows a center section of the chart, on
which have been drawn several lines correspond-
ing to steps in the solution. The following
example is illustrated:

Outer conductor 3.125 OD x 3.027 ID
Inner conductor 1.200 0D x 1.130 ID
Width of ceramic bead 0.375 inches

The characteristic impedance and adm1tt,ance,
omitting bead effect, are calculated from Eq.

Table I—Design Equations for Beaded Coaxial Line

I'" YioosTe + j Yesin ?;ﬁ_l
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FIG. 8—Use of inner pértion of Smith iransmission line chart fo obtain @ graphical
solution of Eq. 9, for defermining the characteristic impedance qnd, admitiance of «
beaded coaxial line at 200 mc for the example set forth in the text

using k=1, 5 =3.027, and a = 1.2, as Z, = 55.5
ohms and ¥y = 0.018 mho. The added capacitance
due to the addition of a bead of dielectric con-
stant K = 6.0 is calculated from electrostatics
to be 2.86 micromicrofarads. Bead susceptance
Yy corresponding to this capacitance is then
calculated and normalized by dividing by Yo =
0.018, giving the following susceptance and half-
bead spacing (d/2X) values for three frequencies

Freq 50 moc 100 me 200 mc
Ya . J0.000898 j0.001796 j0.003592
Ya/Ye 50.0499  jO.0998  j0.1996
d/2x 0.0254 0.0508 0.1016

Since @ny acceptable value of Y;/¥; must be a

pure conductance, all possible values of this
quantity lie on the vertical axis of the chart.
Looking into the line at the first bead, however,
the admittance valueson the vertical axis appear
to be rotated through an angle d/2A = 0.1016 (at
200 mc), so that all possible solutions now lie
on the lirie AA’. To all points on AA’ we mist

now add the normalized susceptance ¥s/Y¢ of the

first bead, just as in Eq, 7. Line BB’ repre-
sents the sum of these two admittances, and cor-
responds to ¥; in Eq. 7. To transform the ad-
mittance Y; into the admittance Yp at P, the
ends of BB’ are rotated through an angle d/2 A=
0.1016 forming a new line CC’. The intersection
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of CC’' with the vertical axis at the point ¥p/Y¢
= 1.106 corresponds to the value of Yy which
causes the reactive term in the right-hand side
of Eg. 9 to vanish. Multiplying this solution
by ¥, = 0.018 and inverting, we get an impedarce
of 50.2 ohms. Similar procedures give imped-
gnce“s of 51.4 ohms for 100 mc and 51.5 ohms for
50 me.

It is also possible to determine charac-
teristic impedance by assuming open and short-
circuit conditions at the end of the line and
calculating back to the midpoint between beads,
using Eq. 6 a total of four times. This methed
is less tedious than solving Eq. 9, but is not
as rapid as the graphical solution.

INSULATOR MATERIALS

Steatite is commonly used for imsulator
beads because of its excellent electrical and
mechanical properties. Various grades "are avail-
able, the less expensive grades being entirely
suitable for use at standard broadcast frequen-
cies where insulation loss is an insignificant
part of the total loss. Comparative efficiencies
of 3-1/8-inch diameter, 500-foot lines with bead
spacing of 12 inches an Z, = 51.5 chms are given
below for two insulator materials (Alsimag 196
is the cheaper, and use of the more expensive
Teflon is justifiable only at uhf)



o Loss  Eff  Eff
 Material factor at 4 me at 200 me
Alsimag 196 0.012 98.8% 67.89
Teflon (Poly 0.0004 98.8% 82.5%
F-1114)

Because creepage distances are small,
steatite line insulators must be impregnated to

prevent. surface moisture films due to condensa-
Waxes were used for this purpose until

tion.
the recent appearance of water-repellent low-
volatility silicone fluids. Insulators treated
with these solutions maintain a high surface

resistivity even in a moist atmosphere; and the

impregnant is not volatilized when heated (as in
soldering). Surface glazing is occasionally
used on large cable beads, but .only because of
the ease of ¢leaning which a glazed sutrface
affords. Glazing is expensive, and offers mno
measurable improvement in surface resistivity.

A few thermoplastic materials have been
successfully used for insulators in radar cables.
Although some of these plastics, notably Poly-
styrene, Polyethylene, and Teflon, display su-
perior electrical properties, there are still
mechanical difficulties to overcome.

‘INSULATOR SHAPES

- A few cormonly used insulator shapes are
illustrated in Fig. 4. For low-loss uhf opera-
tion (30-300 me) it is desirable to minimize the
discontinuities introduced by inner conductor
supports so that insulators maybe kept far apart.
Discontinuities are minimized in the first four
bead shapes by reducing the volume of dielectric
material as much as possible. The scheme shown
in Fig. 4A is good electrically because excess
dielectric material has been removed from the
region around the inner conductor where the
electric field, and hence the capacitance per
unit volume, is greatest. Temperature rise due
to insulator loss is also greatest inthis regiomn;
consequently, meschanical fracture due to large

temperature gradients is less likely with the

configuration of Fig. 4A.

The cross-pin comstruction in Fig. 4D is
useful principally in large-diameter lines. In
Fig. 4E. the sides of the bead have been made
concave to inecrease the flashover rating of the
cable, This design is used at broadcast fre-
quencies, and is just the opposite of what is

needed for low-loss constant-impedance operation
at ultrahigh frequencies.

THEORETICAL ATTENUATION

Attenuation is defined as the loss in
decibels per hundred feet at a specified fre-
quency and at a temperature of 25 degrees cen-
tigrade. Both conductor loss and insulation
loss contribute to attenuation, and these terms
may be computed separately and added together
to obtain total attenuation., In terms of re-
sistance R in ohms per foot and conductance G in
mhos per foot, the attenuation is

db per 100 ft = zie.zLTFfl +6Zy (1)

For radio frequencies Russell’s expression®
for resistance R may be used, so that the con-
ductor loss only becomes

» o 0.432/172 (a4 b) 1
db per 100 ft = iz (12)
Equation 12 assumes that both inner and outer
conductors are made of chemically pure copper,
which although commercially available is quite
expensive. Ordinary conductor copper has a
conductivity of 95 percent. When this is used,
Eq. 12 becomes
0.443 /172 (@ + B)

db per 100t = A

(13)

The principal problem in determining in-
sulator loss is that of evaluating the shunt
conductance G. This quantity is the reeiprocal
of the parallel resistancé Rp due to the imper-
fect dielectric in one foot of line. If we let
Rg be the corresponding equivalent series resis-
tance due to dielectric losses in one foot of
line, and X be the reactance due to that portion
of a single foot of line which is occupied by
insulation, then

Be=py="%pr =P (14)
N S
¢ =x =%

12

The insulation loss is obtained by inserting
Eq. 15 into the second term of Eq. 11, letting

FIG.: 4—Typical insulator shapes used in beaded coaxial ransmission lines
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Lg (loss factor) equal the product of dielectric

constant K and power factor P, and using Eq. 1

for the characteristic impedance
db-per 100 {t = 0.231 k=12 Le WS (16y

By applying Eq. 2, Eq. 16 may be written in

another form

277 PofK tk — 1)

db per 100 ft = =7 E=1 7y
For solid dielectric, K = k and. the insulation
loss becomes 2.77 PgfK¥.

ANALYSIS OF EQUATIONS

Several approximations have been made in
deriving Eq« 16 and 17. In practical cases,
however, it happens that for frequencies léss
than 200 mc the conditions under which the ap-
proximations become poor ones are those for
which the insulation loss is a relatively small
part of the total, so that no substantial error
in the total attenuation is produceds

The importance of having good insulation
in lines used at ultrahigh frequencies can be
seen by comparing Eq. 16 and 13. Since insula-
tion loss increases directly with frequency,
while conductor loss increases only with the
square root of frequency, the former term may
easily account for a substantial part of the
total attenuation at 200 or 300 mc. At 200 me,
for instance, in 500 feet of 3-1/8-inch coaxial
line, the difference between a steatite bead
costing 10 cents and one costing 31 cents is the
difference between an ‘efficiency of 77 percent
and one of 68 percent. Also, while conductor
loss is roughly inversely proportional to diam-
eter, insulator loss is independent of diameter,
provided the relative volume and:distribution
of insulating material remains the same for all
diameters. This fact has imposed a limiting
factor on the deve lopment of vhf solid dielectric
cables, because no matter how large a diameter
is used no improvement in insulation loss can be
obtained.

MEASURFD  ATTENUATION

In a complete transmission line system,
containing connectors and other cable fittings,

the measured attenuation is usuallyslightly
greater than that predicted by Eq. 13 and 16.
To allow for this discrepancy, standard attenu-
ation ratings have been made 10 percent greater
than the theoretical values. Standard attenua-
tion curves for the nominal 70-ohm cables used
in the broadcast band are given in Fig. 5, and
curves applying to the 51.5-ohm cables used for
f-m and television equipment. are given inFig. 6.
The latter curves are based on the use of cop-
per having 95-percent conductivity and insula-
tors with a dielectric constant of 6.0 and a
maximum loss factor of 0.004 at 100 mc. A de-
rating factor of 1.1 was applied to give the
required 10-percent tncrease of attenuation above
theoretical values. Efficiency may be obtained
from attenuation by using the equation

100

L % db per 100 fb)
1,000

Eff =

(18)
antilog

Transmission line loss is increased by
standing waves, due to improper termination, and
by elevated temperature. An enclosed line, op-
erating at f-m or television frequencies with
restricted air circulation and carrying the
maximum rated power, may suffer a temperature
rise of almost 40 C. Under these conditions,
the insulation loss is increased approximately
50 percent and the conductor loss is increased
approximately 13 percent. At standard broadeast
frequencies (500-1500 k¢) coaxial lines develop
only negligible -amounts of heat, so the attenua-
tion ratings are approximately the same for max-
imim power as for low power,

Coaxial transmission lines are occasiomally
connected in parallel, to form an unbalanced
line of half the original impedance, or in series,
to form a balanced line of twice the original
impedance. No improvement in attenuation is
obtained from these special arrangements, and it
is easily shown that the overall efficiency in
either case is the same as it would be if only
one line of the same diameter were used.

POWER-HANDLING CAPACITY
Maximum power ratings for coaxial lines
used at freguencies above 50 mc have been calcu-
lated on a theoretical basis, using a tempera=
ture rise of 40 C in the outer condictor as a

Table II. Max’imum Power Ratings of Coaxial Lines in Watls

A-M F-M Television
Diam - - —
in 0,5-50 k
inches me 50mic | 100me | 200 me | 50 me | 100 mc ! 200 mé
3/8 | 500 | oeiii | v i e [
7/8 | 3,000 | 2,600 1,700 { 1,100{ 4,100 2,700 1,800}
15/8 { 12,000 | 9,100 | 5,700 | 4,000 | 14,500 | 9,100 | 6,300
31/8 | 50,000 | 36,000 | 24,000 | 15,000 | 58.000 | 38,000 | 24,000
6 1/8 | 150,000 | 134,000 95,000 | 67,000 2.1-4,000 | 151,000 107,000
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FIG. 5—Standard attenuation curves for nominal 70-ohm beaded
coaxial cables usged In broadecast-band work

limiting factor. At lower frequencies, voltage
breakdown becomes & limitation, and ratings must
be based on experience because breakdown usually
occurs. at lower voltages than theoretical con-
siderations would indicate.

The following procedure is used to deter=
mine & power rating based on temperature rise:

(1) The efficiency of a length L (feet) is
determined from -attenuation figures in which
copper loss has been increased 13 percent and
insulation loss 50 percent:

~ {2) A power in watts which will produce a
40 C temperature rise in the outer conductor is
calculated by multiplying the total surface area
of the given length of conductor by the heat
emissivity factor p and dividing the result by
1 - efficiency.

(3) A maximum power rating for unity stand-
ing wave is obtained by dividing the result of
step 2 by a facter of 2.

(4) A maximum power rating for any standing
wave ratio other than unity is obtained by
dividing the result of step 3 by the proposed
ratio. For ordinary a-m broadecasting, the ratio
may be 2.0, for television it may be 1.1, and
for f-m broadcasting it may be 1.75.

Suggested maximum power ratings for various
services and frequencies are given in Table II.
These are maximum ratings, based on temperature
rise or flashover. Except when lines are very
short, they should not be operated at maximum
power because of attenuation. '

FIG. —Standard aifenuation curves for 51.5-ohm beadsd toaxial

cables used with tm and television. equipment

In step 2, it is assumed that after equi-
librium is attained all of the heat generated
inside the line is delivered to the outer con-
ductor, where it is radiated into space (the
process involves both radiation and convection).
The factor p is the heat emissivity of the sur-
face of a copper tube, in watts per sguare inch
for a 40 C temperatire rise. This factor, which
depends somewhat on diameter, has been studied
by power transmission engineers who frequently
use copper tubes for busses. An average value
is 0:25 watt per square inch.

In step 3, a safety factor of 2 has been
applied because tubes enclosed in buildings or
ducts or placed against walls suffer a loss of
heat emissivity:

; The inner conductor operates at a much
higher temperature than the outer conductor, and
a rise of 75 C may occur for a 40 C rise in the
outer conductor. The difference between inner
and outer conductor temperatures causes dif-
ferential expansion, which must be accommodated
in suitable expansion joints. The insulators
also generate heat (4.5 watts per insulator in
a 3-1/8-inch line carrying 25,000 watts at 200
me¢) and are further heated by thermal energy
received from the inner conductor. Temperature
gradients exist in the insulators, and cam cause
fracture 1f power ratings are exceeded.

Large-diameter lines are produced in hard-
temper rigid lengths of 20 feet, which must be
intercommected on the job by suitable couplings.
Soft-temper coaxial cables of 3/8-inch and 7/8-
inch diameter are produced in continuous 100-
foot coils which may be factory-spliced to any
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Zy = characteristic impeédance
measured at midpoint between
adjacent insulators

b = inside diameter of outer con-
ductor-in inches

a = outside diameter of inner con-
ductor in inches

k= average dielectric .constant.

K = dielectric constant of insulating

) material (K = 6.0 for steatite)

W = effective width. of insulating

material in inches per foot of line.

2a; x

1/Zi= characteristié admittance

meastred at midpoint between

adjacent insulators

1/138 logy (b/a) = character-

istic admittance of line without

heads

R = conductor resistance (inner plus
outer) in ohms per foot:

]
n

<
o
[}

Symbols Used

G = shunt conductance due to in-
perfect insulators, in mhos per
foot

f = frequency in‘mc _

R, = 1/G = shunt resistance in one
© oot of line due to imperfect
dielectric .

Rs = X?/R, = equivalent series re-

sistance corresponding to Ry

7.35 X 10~12/log,s (b/a)=capaci-

tance per foot without beads . -

P, = power factor of dielectric ma-
terial

X = 1/2f KC X 0-0833W X 105=
reactance due to that portion of
1 foot of line which is occupied
by insulation .

L; = KP; = loss factor of insulation

o = heat emissivity in ‘watts per
gquare inch

L = length of line in feet.

1

desired length and shipped under gas pressure
with end terminals attached.

The method of attaching insulators to the
inner conductor varies with diameter, but in
general an attempt is made to perform the at-
tachment without seriously degrading the flash-
over characteristic, Any small .deformation of
the inner conductor encourages concentration of
charge, and sharp corners or edges on crimped or
swaged 1mner conductorsmust be carefully avoided.
In 1-5/8-inch diameter and larger cables, in
which the inner conductors are tubular, a good
fastening may be made by inserting a spinning
tool inside the inner conductor and spinning
a ridge on both sides of the bead.
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Coaxial lines mist be pressurized with a
dry gas to prevent condensation of moisture on
insulator surfaces. Air and nitrogen are both
used for this purpose. There is nothing crit-
ical about the amount of pressure, and anything
from 1 te 30 pounds is satisfactory.
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THE MEASUREMENT OF AUD!O DISTORTION

By H. H, Scott, Hermon Hosmer Scott,

Any modification of an audio-frequency
signal between the point where it reaches the
microphone and the point where 1t 1s reproduced
Dy a loudspeaker may be consildered as *distor-
tion®, In general usage the tetm has, however;
come to have a more restricted meaning--namely,
the Introdu¢tion of extra componéhts 1nte the
S1gnal which were not originally present, This
article 1s concerned with this type ofdistortion,
varlously known a8 "non-linear," tamplitude" or
*hnarmonic® distortion, which, however, may
include the genseration of components wWhlch are not
necessarily harmonically related to the signdl.

The simplest measurément of non-1inear
distortion 15 obtalined by applylne a single
81lne-wave signal to a transmission system and
measuring the various components in the output
of the system with a wave analyzer. At low
levels in a good system over 99% of the output
voltage Wwill be at the applied fundamental
frequency; but there will also exlst a percent
or less of distortlion componsnts corresponding,
in this case, to exact multiples of the funda-
mental frequency. Of these components, Known
as harmonlcs, the second and thlrd (corre-
sponding to twlce and three times the fundamen-
tal frequency, respectively) are generally the
strongest, but higher-order harmonlecs may also
be present at appreciable amplitudes. There
will also exist In the output of the system
otter spurlous components, consisting of the
fundamental and harmonics of the power-supply
frequency, various nolse components resulting
from tube hlss and other circult dlsturbancesy
plckup from other ¢ircuits, and other extra-
neous components. Many of these can also be
measured on an analyzer or other distoertion-
measuring device. 4As the gignal level 18 in~-
creased untll varlous parts of the system over-
load, harmonlc distortion may rise to 5%, 10%
or even higher values, which In most cases are
distin¢tly noticeable, and which are annoying in
real high-quallty reproductlon.

Conventlonal practice has beeh tomeas—
ure non-linear distortion in terms of the
harmonic c¢omponents added to a single-frequency
testtone by the system, and varlous limits
havée been set, depending upon the requirements of
the problem, For instance, distortion as highas
10% 1s considered tolerable In a single-tube
output amplifier ‘stage by many desligners of
home~-type sound-reproducing equipment, Such as
phonographs and radloss At the other extreme,
we have the new FCC regulrements for frequency-
modulation systems, which specify a total dls-
tortion betweén the microphone teérmlnals and
the modulated slgnal as radiated by the antenna
48 low as 2.5% for an entire system, lncluding
many amplifiers, transmission lines or other

Inc,

studlo-transmitter links, various control and
amplifier equipment, and the transmitter 1tself.

In general, for systems of comparable
design features which exhibit similar charac-
teristics 1n regdrd to the generation of har-
monics, 4 low level of harmonic distortion
measured 1n this manner 1s an-indlesation of
excellence. FoOr s8ystems exhlbiting dlifferent
characteristics, however, and whlch overload
1n varilous manners, 1t has long been reallzed
that the amount of dlstortiom which 1s dudible
to the egr 1s not necegsarily related exactly
to the single-frequency harmonlc measurements.
Thls 1s particularly true In the case of home-
type recelvers or other soupnd-reproduc¢ing
equipment which must be built to meet price
competition. The reason for thils lles In the
tact that the distortion characteristics of a
non~1linear system are far more complicated than
can be determined by a simple single-tone
measurement.

For Instaice, 1f two tones (fy and f) are
applied simultaneoiigly to a non~linéar system,
the dlstortion products include not only the
harmonic¢s of those two tones but also frequen-
cies equal to the sum and difference of the
two tones (fy + fpy f£1 - f2) and higher-order
Intermodulation products (such as fj + 2fg,
t1 - 2fs, 2f1 + 5, 2f4 - fg, etc.) which theo-
Tetlcally may lnclude beats between the funda-
mental and all of the possible harmonics of ome
tofie and the fundamental and all possible
harmonicé of the other., It will be observed
that it 1s only by accldent that any of these
so-called Intermodulation components ever co-
iricide with a harmoniec of one of the orilgilnal
frequencles. Hence, this Intérmodulatlon
distortlion represents dilscordant components
added to the slgnal. Since any musical Instru-
ment produces tones whlch contaln harmonics as
well as the fundamental frequency, 1t 1s obvious
that a moderate Increase in the harmonics them-
selves need not be annoying. However, the
additlion of discordant components 1s distinctly
audible, and 1t 1s the presence of such inter-
modulation products whith most people call
distortlion. 1In any practlical system the Inter=
modulatlon products may bec.ome serious under
condlitlons where the actual additlion of har-
monics themselves 1s of 11lttle consequency. The

- pleture 1s further complicated by the fact that

non-linearity in the amplitude characteristics
of a system, which accounts for the distortion,
1s often a funetlon of frequency, particularly
at the lower and higher ends of the freguency
range. This Is particularly true 1n systems
involving transftormers, speakers and other
electro-meéchanical transduc¢érs, tone control,
and fllter, push=-pull or feedback circults.
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The amount of distortion, therefore, 1s a
function not only of ampllitude but &lso of
frequency.

In a system producing serious distortion
1t 1s almost Impossible t6 simulate by any
reasonable medsurements the actual results
whieh will be obtailned when a signal such as
muslec from g large orchestra 1s Impressed
upon a system. With each of the thousands of
components producing intermodulatlion with the
others, the reésulting Jumbled nolse as heard
by the ear 1s; however, & good Indication of
what 1s happening. The problem of distorsion
measurements 1s, therefore, to provide the
slmplest type of measuremént whlch can be cor-
related with distortion as heard by the ear,

For years the total rms value of the har-
monics added to a single tone has beern used as
a measure of such dlstortion. Where the total
dlstortion may be kept low and the system is
designed 1in accordance with the best standards
of engineering practice without the necessity
t0 ecut corners to save cost,; this Lype of
measutement 1s generally satlisfgctory. In the
¢ase of the FM transmltter, for Instance, 1f
the total distortlion is below 2.5% 1t 1s not
likely that any distortion which may occur will
be sufficliently serlolis to be noticeable,
Nevertheless, 1t 1s still not Impossible. As
the quallty of the system décreases, 1t becornies
more Important to make additional measuréments
to determine whether or not serlous Intermodu-
lation taked place. Until further information
as a result of experilernce becomes avallable,
however, 1t may be assumed that for equipment
of the type used in high-quality broadcasting
a measure of the single-tone harmonic dis-
tortion will generally sufflice.

A common fallacy in making harmonic
measirements has been to assume that harmonies
above the range of hearlng were of no importance
since they colld not be heard. It will be
noted, however, that the new FCC requiremernts
for FM speclfy harmonlc measurements as high as
30,000 cycles, althoigh admittedly, no one can
hear such harmonilcs themselves. The reason for
this 1is that the presence of such harmonics,
whether they are heard or not, indlcates that
distortion is taking place, and the generation
of suech Harmonics indicates the presence to an
Indeterminate degree, which may be Serlous; of
intermodulation preducts which may f£ill within
the range of hearing--in fact, wlthln the range
where the ear 1s most sensitive. Thus, these
high-Trequency harmonlc medsurements are spec-—
1fied rather than forée elaborate intermodula=~
tlon measurements in an attempt to assure that
the intermodulation shall not be serlous. For
a system of fundamentally Hlgn guallty anag
designed 1n accordance with best englneering
practlce, thils 1s not an unreascfable asgump-
tion.
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In terms of what the customer hears on hls
rece lver, dlstortlon measurements are probably
the most Important measurements to be made on a
radio-transmitting system. The maintenance of
low-dlstortion limits I1nstres, ln general,
glear, natural reproduction of the signals,
limited only by the capabllities of the recelv—
ing systems

FCC Regquirements

The Federal Communications Commission 1n
1ts Standards ©f Good Englneering Practice
concerning FM Broadcast Stations, requlres that
the overall harmonic distortlon at hny modula=
ting frequency between §0 &nd 15,000 cycles be
within the following limits:

HModulating Frequency Distortfon

50 to 100 cycles 3.5%

100 to 7500 tycles 2.5%

7500- 10 15,000 cycles 3+:0%
Standard test frequencles are 50, 100, 1000,

5000, 10,000 and 15,000 éycles.

Such measurements should be made employing
the standard 75-mlerosecond de-emphasis In the
measuring equipment and the 75-microsecond pre-=
emphasis in the transmlitting equipment and
sHould include all Harmonics up to 30 kc.
Measurements should be made at 25%, 50% and
1004 modulations Thls latter requirement has
introduced certaln diffiecultles; since com—
fierclally available analyzers wlll not tusre
much above 18 kilocycles, and dlstortion meters
gre 1imited In their sensitlvity by the noise
in the measured slgnal. The FCC allows &
maximum pf -680 db below 100% modulation for the
M noize level of the entire system 1n the
range from 50 to 15,000 c¢ycless 100% modula—
tion l1s equlvalent to +75 ke swing.

Since these tolerances Include the entire
transmitting system from the mlcrophone to the
antenna, 1t is obvious that any unit of the
system must be better. The FCC recommends that
notie of the three maln divisions of the system
(transmitter, stundlo-to-transmitter 1link,
and audlo facllitles) contribute over one-halt
0f the total dlstortion,

For televislon transamitters and perform-
gnee requiremerits of the frequency-modulated
sound charnel are the same as for FM broadcast—
ing excepting that 100% modulation 1s equivalent
to +25 ke swing, and the allowable nolse level
is ~55 db.

For amplltude-modulated broadcast 8ystems
the FCC has not established any definite dls-
tortion requirements. Proposed RMA standards
for the transmitter alone allow 4 dlstortion
of 2% for modulation peréentages up to 85% and



5% for modulation percentages between 85% and
95%, for a range of fundamentals between 50 and
7500 ¢ycles and Includliig all harmonics Up to
24 kllocycles. The allowable nolse level i1s
60 db below 100% modulation. Proposed RMA
standards for distortion In the audlo fa¢ili~
ties have a limit of 2% from 100 to 7500 cycles
and 3% from 50 to 100 cycles. All of these
distortion measurements are rms values—-that
1s, thé amplitudes 0f the various harmonics
are combined by taklng the square root of the
sum of the squares of the indlvidual components.

Signal Sources for Distortion Measurements

The lowest distortion obtained Iin any type
of commerclally available oscillator ls found
in the R-C feedback type, usually push-button
operated, in which the distortion 1s generally
better than 0.1% throughout most of the operating
range, In this type of oscillator an R-C
feedback network, usually of the parallel=T
type, provides a high degree of degeneration
for all harmonlc voltages. The extremely good
waveform at low Ireguencles 1s made possible
by thHe absence of inductance colls or other
non-linear elements. In commeércial push-button
o8cillators of this type thée standard fre-
quenicles include all of the FCC test freguen-
c¢les, For highly accurate measurements of
distortion such dn osclllator 1s a dlstinct
advantage since the inhérent distortlon In the
test signal will always be small compared to
the amount to be measuréd In the transmitted
signal, 4n oscillator wlth low distortion such
a5 the above 1s bobe preferred for the FUC proof
of performance tests.

Por ordinary maintepnance checks on trans-
mitters other types of osclllators may be uded,
and if they are to be used also for running
response curves, etcs certaln of the continu-
ously variable types may bé consldered more
convenlent. Continuously variable oscillators
are generally elther of the beat-frequency type
or of the R=C type. High-grade units of the
beat—~frequency type may have dlstortlon as low
as 0.2% throughout most of the frequerncy range,
but the distortion tends to rlse to relatively
high values at low frequencles. Theé most Ilmpor-
tant advantage of the beat-frequency oscillator
as a4 standard test instrument is that the com-
plets audio-frequency range 18 available on &
single d1al, which may have a logarithmic or
gther desired scale shape.

A third type of oscillator not yet in
commercial production and kiown as the gouble-
bedt Or multiple-beat allows the simultaneoiis
appllcation of two test frequencles, thus
facilitating measurements of intermodulation
dilstortion. There are considerable theoretical
reéasons to belleve that when such osclllators
are avai1ldble two-tone distortion tests will
become quite generally used, particularly in

centirely the harmonics and nolses

cageés where high amounts 6f distortlon are en-
countered, since it 18 Usuglly agreed that the
intermodulation products are considerably more
annoylng than the spurlous harmeonles. Of course,
intermodulatlion medsurements can always be made
using two individual os¢illators.

Distortion-Measurlng |nstrunernts

The most ¢common form of dlstortilon~
measuring Instriument 1s the distortion meter.
Various types have been manufactured over a
period of years, earller types belng of the
fixed-frequency variety. More recent types
have been continuously adjustable. One of
these has oOperated by bucklrg the traismitted
signal agalinst the appliled signal, which re-
quires careful adjiustment of both phase and
amplitude and measuring the resultling dlf-
ference, which i1s ap Indication of distortion.
The most recent types involve null clrcultg of
the Wilen brildge, parallel=T or slmllar types,
which attenuate the fundamental suffiglently
50 that the remaining signal represents almost
Switchlng
the null network out of the clircult allows
direct méasurement of the nolse, which ob=
viougly should be conslderably lower than the
level of the harmonics 1f accurate measurements
are to be madé., This fact limlts the usefilness
of the distortion meter In some appllcationss
The distortion meter readings, of coursey
represent the total of all harmonics comblned,
there belng no indlication of the relatlve
amplitude of each Individual harmenie.

In uslng 4 distortion meter, & preliminary
check should be made of the nolse level in the
system under test to be sure that it 1s not
¢omparable to the magnitude of the distortion
to be measured. This 1s partlcularly Importaut
in circuits having de-emphasis, since the
standard 75-microsecond de-emphasis curve is
down approximately 8.2 db 4t 5000.cycles, 11.4
db at 7500 cycles, 13.6 db at 10,000 cycles and
17 db at 15,000 c¥cles. For proof of perform=
ance tests on FM transmitters the FCC has ae-
gordingly agréed to requirée the 50% and 25%
modulation distortion measurements only for
frequencies of 5000 cycles and below as a tempo-
rary measure. The problem 1§ further complicated
in the casé of television transmitters, where the
allowable nolise 1evel is 5 db higher,

One o0f the earllest; and stlll one 0f the
best methods for measuring distortlon is the
wave anhalyzer. Such devices 1in present com-
mercilal forms are generally of the heterodyne
types; having a flxed=frequency filter. In such
an analyger tuning 1s accomplished by hetero=
dyning the component belng measured up to the
filter frequency., The use of a flxed filter
allows a very high degree ol selectivity«. Con-
sequently such measurements are relatively
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unaffected by nolse and other factors, even
under condltions where distortion meter measure-
ments may be useless. Present commerclal types
of wave analyzers, however; do not tune to
frequencles above approximately 18 kllocyeles,
which limits thelr use for some of the high-
frequency distortion measurements now required

by the FCC. The great advantage of the ang-
lyZer, howeven, 1s 1ts versatility. Since 1t
measures such component separately, 1t may be

used equally well for single-tone harmonic
measurements or for multi~tone Intermodulation
measurements.,

Another dlstortlon-measuring device 1s the
so=called Intermodulation meten, which 1s in-
tended only for intermodulation méasurementss
Such a device 1s quite simllar to a modulation
meter as used for measurlng percentage modula=-
tlon of 4 broadcast statlon excepting that the
intermodiulatlon meter 1s dn audio-freguericy
instrument. It measures the depth -of modula=
tion produced on one tone, generally at a high
audie freguency, by another tone; generally of
a low audlo frequency. This type of inter-—
modulation meter 1s often limited to operation
at only a few selected frequencies.

Coupling Test Equipment To Transmitter

Fig. 1 shows the conventlonal means for
c¢oupling the test osclllator to the transmitter,
and 1n general this simple arrangement will be
found quite satisfactory. The resistance Rg
should equial the lmpedance from which the e-
quipment under test 1s designed to work. The
attenuator, which 1s of the T type, should be
of the 1mpedance from which the equlpment under
test 1Is designed to work, or & matchlng pad
should be Interposed. The connections shown
are for unbalanced clreults. If the clrcuits
are balanced an H-type attemiator must be used,
and one-half of the resistance Rg should be
inserted In each Ilnput lead. A VU meter 1s
Sdhown for convenlernce, but any good audlo-
freguency or vacuum=tube voltmeter may be sub-=
stituteds. For a 600~ohm c¢ircult Rg will equal
600 ohms, and the Input level to the equipment
willl be the redding of the VU meter minus 6 db
minus the setting of the attenuator. The
attenuator may be eliminated in cases where
the input level 1s sufficlently high so that
1t can be read on the VU meter dlrectly.

For measurements on audlo-=frequency sec=
tions of the transmitter the distortion meter
or analyzer may be connected directly to the
outpuit of the audio-freguency equipment; as
shown in Figs 2. The resistance Rys in par-
allel with the input impedance of the dis~
tortlon metér or analyzer, should equal the
rated load impedance for the equipment.

- For measurements of dlstortion on an
amplitude-modulated carrier the arrangement
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shown in Flg. 3 may be used. The AM demodu-~
lator 1s generally includéd as a part of the
amplitude-modulation monitoring equipment, biut
the arrangement shown ls typlcal. BSultable
values for the clrcult are as followss

€y ¥ 80 mlcromicrofarads

€y = 35 micromicrofarads

Ly ¥ Lg ¥ 25 millihenries

Ry = Rg = 100,000 ohms

Dy = 6ALS Or BHB

THe audlo-freguency Iinput 1lmpeddance of the
distortion meter or analyzer should be large
compared to $#Rz to avold distortlon at high
modulatlion percentages.

For testlng freguency-modulated trans-
mitters the same system 1ls used except that a
frequency~modulation discriminator must be used
in place of the AM demodulator. The reduire-
ments for thils demodulator are sufficlently
strict and the adjustments sufficlently critical
s0 that no simple dlagram would be of any use.
Geneérally a sultable discriminator will be 1n-
¢luded as part of thé frequeney-modulation
monltoring equipment utilized with the trans-
mitter, :

Before making distortion measurements it
1s well first to connect the distortion meter
or analyzer directly to the output of the oscil-
lator to determine that the distortion - inm the
applied signal 1s sufficlently low for the
tests. This check should be made with the
osclllator terminated in the same valué im=
pedance as 1t wlll be operating inte during
the tests bDut without thée eguipmént_to be
tested actually connected. When checking the
nolse level of the system prior to making
measurements with a distortion meter; ‘If 1t
1s found that Hum or other rnolse componernts
are abnormally high 1t may be necessary to
use an lsolating transformer at the output of
the oscillator. This 1s particularly true when
working with low-level 1nput circults. Need-
less to say, all low=level leads should be
well shielded.

Dlﬁferengas Between Distortion Measurements On
A and FM Transmitters

On AM transmitters the distortion measure=
ments are falrly simple because of the relative-
1y high tolerances and the flat freqiency
response. However, 1t 1s characteristic of
AM transmitters that the distortion rises
rapldly as 100% modulation is approached. With
certaln types of aM tranmsmitters; particularly



those employlng Class B systems, 1t may also
be found that the distortion Increases at very
Low modulation levels, The FM transmitter, on
the other Hand, must be capable of swinglng to
an éxtent equlvalent to 1%3% modiulation, con=
sldering a 76-kllocycle swing as 100%. Hence
the distortion of an FM transmitter should not
rise noticeably in the neighborhtod of 100%
modulation: The television transmitter must
be able to swing 40 kllocycles, which 1s the
equlvalent of 160% modulation. The lower al=-
lowable dlstortion of the FM transmitter, plus
the fact that g de-emphasis circilt which
furtheér reduces the amplitude of the high=-
frequency harmonies 18 used T0r the measure-—
ments, somewhat compllcates the measurénment of
M transmitters, particularly at hilgher modula-
tion frequencles, and care should be taken to
check nolse levels to be sure that they are
not interfering serliously with tle measurements.

For transmitters wilth sufficiently low
distortion to meet the FCC and RMA requlrements
it 1s probable that simple single~toneé harmonic
measurements wlth a dlstortion meter Or a wave
analyzer will provide a satlsfactory check on
operating performance, In cases where, in splte
of low harmonlc measurements, however, the
quality as Judged by the ear appears to De
rough or distorted, the sourcé of siuch dif-

ficulty can generally be most easlly tracéd by
resortlng to two-freguency intermodulation
measurements; whilch may bé made wlth a wave
analyzer and elther two osclllators or a double~
beat osclllator. Such measurements may be
particularly valuable 1n case of high-frequency
distortion In FM transmitters, slince the rela=
tlve sensitivity of harmonlc measurenents 1s
80 greatly reduced by the de-~emphasis circult.

Relative Yalue of Different Types of Distortion
Measurements

The cholce between various types of dls-
tortion measurements 1s a subject which cannot
be easlly settled at the present time because
of the relatively limited experlence with all
except the single-frequency type. To meet the
FCC Proof of Performance tests single-frequency
tests dre requlred, and such tests are probably
satisfactory for ordinary routline checks on
high-grade equipment. I cases, however, where
audible distortion exists to a degree consld-
erably higher than the harmonic measurements
would indlcate, Intermodulation measurements
are generally desirable, In some Instances &
sinple two-tone check with an Intermodulation
meter may be sufficient; but in general Tore
complete tests utilizing a wave andlyzer and
elther a double=beat oscillator or two high-
auality oscillators are desirables
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LOCATION AND SIZE CONSIDERATIONS

of

TELEVISION TRANSMITTING AND PROGRAMMING PLANTS

Before examining requirements for the loca-
tion and size of the individual components of a
television plant, it appears appropriate to
emphasize one general point which is made almost
without exception by television station owners,
managers, engineers, and production people at
stations of all sizes and types. Their advice
is this: /

Haintain the maximum degree of flexibility
in all building plans., Prepare for almost con-
stant change during the first few years of
operation, and be sure that expansion will be
possible withoitt upsetting operations too seri-
ously and bringing on undue expense. The nature
of the business is such that even the most meticu-
lously made plans will require modification from
time-to-time (probably much more often than one
would prefer) to keep in step with the progress
of this dynamic riew industry.

The discussion which follows isdivided into
two main sections, namely: location of the
transmitting and programming plants; and “rule
of thumb’’ estimates which may be applied with
regard to the amount of operational space re-
quired at the transmitting and programming
plants, The first section pertaining to location
of sites is based almost in its entirety upon
two papers prepared by the RCA Victor Division
of ’tﬁe Radio Corporation of America. The con-
tents of this section have been reviewed by RCA
and it is included herein with their permission.

The section pertaining to “Size and Design”
is taken largely from Chapter Four of the NAB
Staff Study entitled “Report on the Visual
Broadcasting Art”. This section was compiled
after considerable research inte the problems
encountered by those television stations in
actual operation and is intended as a guide to
those who will be called upon to prepare esti-
mates, design data, and general information in
connection with the planning of television opera-
tions. Although the discussion is not of the
slide-rule variety it is set forth here primarily
because the engineering department of a station
is, almost without exception, called upon ini-
tially by management to prepare the first phases
of such data. Itisobviously impossible at this
early state of the television art to give defi-
nite formulae for what may be termed standard
practice in the design of almost any of the com-
plexities covered in these discussions, It is,
however, hoped that by setting down here what
others have learned through experience, the all
important stage of planning a television plant
may be more thoroughly and less arduously accom-
plished.

SELECTING SITES

Even before an application for a construc-
tion permit can be filed, the prospective tele-
vision station licensee is faced with ‘the neces-
sity of deciding upon locations for both his
programming and transmitting plants. Although
these decisions can under some circumstances be
changed later, they are crucial ones, naturally,
affecting vitally future day-to-day operations
of a successful applicant.

Establishing both transmitting and program-
ming facilities in the same location frequently
of fers several immediate advantages, which the
broadcaster will undoubtedly want to capitalize
upon if possible. It is advisable to study the
two sites separately at first, however, ‘

The antenna's location governs to a major
degree the coverage which a station can expect.
And, as in all types of broadcasting, the pro-
gramming plant cannot be placed in too remote
and inaccessible a spot. In many cases, obvi-
ously, the disadvantages of a single location
can easily outweigh all other considerations.

While the location of the studio site is a
matter dictated to a considerable degree by com-
mercial reasons, the location of the transmtting
equipment and antenna is almost entirely an
engineering problem,

The importance of situating the transmitter
most advantageously is of such magnitude that
selection of this site mist be given precedence.

TRANSMITTER

~ The factors which govern the location of
television transmitters are several, and their
relative importance will vary widely with local
conditions. Some of these factors have to do
with competition, prestige, population distribu-
tion and other local conditions about which it
is obviously impossible to generalize. The
technical reggirements, on the other hand, are
fairly universal and can be set down in well-
defined terms. ’ :

BASIC REQUIREMENTS

~ The objectives in choosing a transmitter
site are as follows.

(A) The location should be centrally lo-
cated with respect to the areagto be
served (unless a directional antenna
is to be used).
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(B) The location nust be as high as pessi-

ble--always higher than surrounding

buildings or elevations where there
are no obstacles to reflect the trans-
mitted signal.

(C) Power, water, and other facilities
must be accessible, and it must be
possible to accomplish all of this
within the bounds of economi¢ reason.

Some pertinent excerpts from the FCC's
Standards of Good Engineering Practice for Tele-
vision Broadcast Stations should serve to anplify
and emphasize these points:

The transmitter location should be as near
the center of the proposed service area as
possible consistent with the appl1cant s
ability to find a site with sufficient
elevation to provide service throughout the
ared.

Location of the antenna at a point of high
elevation is necessary to reduce to a mini-
mum the shadow effect on propagation due to
hills and buildings which may reduce materi-
ally the intensity of the station’s signals
in a particular direction,

In general, the transmitting antenna of a
station should be located at the most cen-
tral point at the highest elevation availa-
ble. Inprov1d1ngthebest degree of service
to an area, it is usually preferable to use
a high antenna rather than a lower antenna
with increased transmitter power.

The location should be so chosen that line-
of-sight can be obtained from the antenna
over the principal city or cities to be
served; in no event should there be a major
obstruction in this path.

These considerations, coupled with the fact
that television (like FM and unlike AM) requires
no extensive ground system, has led many tele-
casters to place their antennas atop the tallest
available building. The business district and
population center do not always coincide, of
course, but such structures are apt to be cen-
trally located. If there are no other tall
bu1ld1ngs nearby to deflect slgnals, the problem
of attaining height canbe solved in this manner.
Thus, if we assume that the antenna and terrain
are such that approximately uniform transmission
occurs in all directions, then the site must
obviously be near the center of the area, This
is illustrated in Figure 1,

The difficulty of finding a central loca-
tion will vary with the nature of the local
terrain, It is desirable to serve the retail
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shopping or “trade” area surrounding the city in
which the station is located and it will often
be found that this atea lies more or less sym-
metrically around the city, Thus, if a suitable
site in the city is available, such a location
will automatically answer the economic service
requirements.,

IMPORTANCE OF HEIGHT

Height of an antenna above preValllng ground
level will determine the *Horizon” for the sta-
tion as well as the ability to avoid shadows
from obstructions. While VHF signals travel
somewhat beyond the mathematical horizon, the
attenuation beyond it is relatively sharp. For
most practical purposes, over flat terrain, a
factor of four-thirds of the distance to the
horizon may be used asacriterion when consider-
ing the radius of service for VHF television.
On UHF channels it is felt that unity, rather
than the four-thirds factor, will provide a more
accurate indication. In general, the higher the
antenna the greater the coverage will be.

An economic limit will be imposed by the
height of existing elevations or the cost of
erecting a tower to support the antenna. Among
the ready-made means of gaining height are the
use of buildings and hills. However, a hill
some distance from the settled area will not be
satisfactory because, while it provides good
height, it will be so far away that the signals
will be relatively weak by the time they reach
the area to be served.

This serves to emphasize the fact that while
height is important, it is not the sole consider-
ation., A television antenna 1500 feet high
would have a line-of-height horizon of some 47
miles on level country. Unless the effective
power (transmitter power times antenna gain) is
sufficiently great to produce a usable signal at
47 miles, the range will actually be less than
the distance to the horizon., Hence, the effec-
tive power should be great enough to realize the
advantages of a high antenna location.

TRADE AREA

Fig. 1l.--Where the trade area of a city is more
or less symmetrical, a site near the city
will give the most uniform coverage:



PRACTICAL CONSIDERATIONS

Height, despite its great desirability,
should not be allowed to become a fixation.
EVery site selected as meeting the foregoing two
requirements, that is, of central location and
of height, should be subjected to a careful con-
sideratiori as to its practical merits. It is
obviously not wise to plan amountain-top imstal-
lation to obtain height if the installation cost
will be prohibitive. On the other hand, certain
types of tall building construction may preclude
the use of antennas with high gain and itmay be
necessary to use larger transmitters.

There are certain practical requirements
which a site must meet. These should be checked
when preliminary consideration is being given to
the sites

For example, an important consideration for

“mountain-~top” locations is the availability of -
In most cases power lines will have to

POweEr:

be built te the loecation. The cost of this must

be considered, particularly if the location is

very remote. Télephone lines also will have to
be built or a radio link established. Finally,
there is the building itself to consider. This
building must house the transmitter, provide
living space for operators, storage space for
spares and, preferably, provision for origina-
ting recorded programs in an emergency.

Another corisideration--which may apply
whether the antemna is mounted on a building, a
tower, or a mountain top--is the question as to
whether the civil aeronautics authority will
give the necessary approval. In some locations
--near airports or on airways--the CAA will not
approve structures which exceed certain heights.

VARIOUS TYPES OF TELEVISION SITES

There are several kinds of locations which
may meet the requirements of a television site
as listed above. These are of five general
categories which may be described as follows:
(A) locations involving the use of a tall build-
ing; (B) locations onmountain tops or high natu-
ral elevations; (C) locations at the site of AM
transmitter plants with the television antefina

mounted on the AM tower; (D) locations involving
the use of low anldlngs on which a steel tower
is erected to give the required height to the
television antenna; and (E} dual location of a
television antenna and an FM transmitter, with
the television antenna and the FM antenna mounted
6n the same tower, In some cases, use of a com-
mnm%mﬁ%wrﬁsmudtﬂwmmnﬁmmm
will be highly desirable for all concerned.
Special multiplexing equipment or combination TV
antenna systems are now available for this pur-

pose.

Some of the advantages and disadvantages of
these types of locations, as well as particular

considerations tobe applied in considering each,
are as Tollows:

(A) Locatlons Using Taill Eulldtngs

The most popular type of location is on a
tall building in the center of the “prineipal
city.’ The transmitter is usually located on
one of the top floors and the antemma erected on
the top of the building, with studio located
either in the same or a different building as
shown in Figs, 2 and 3,

For such use, the buildings chosen are
usually 300 feet to 600 feet tall (with a few,
of course, even taller). If the surrounding
countryside is reasonably level, an antenna lo-
cated on such a building will prov1de very effec-
tive coverage. Moreover, the field pattern of
such an installation is hxghly advantageous in
that it automatically results in the highest
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signal where most needed; i.e., where noise
level is highest.

signal strength in the center of the built-up
area, where interference (such as ignition
noises) is also strongest. The signal decreases
going away from the downtown area, as does the
interference noise, with the result that signal-
to-nioise ratio is of the same order throughout
the service area (Figure 4).

Installation on a tall building has the
further advantage thatno land need be purchased,
no transmitter building need be erected, there
are no power lines to erect to a remote spot
and no so-called studio-transmitter-link is re-
quired (since for the short distances between
studio and transmitter satisfactory telephone
lines are usually available). Thus; the first
cost of a location of this latter type is low.
The eventual cost depends on the rental. If
this is high, the long-time cost may exceed that
of a site and building owned outright by the
station. )

In the way of disadvantages, there is the
fact that buildings are limited as to height and
in many instances will be surrounded by nearby
hills. In this case, shadows may exist behind
the hills. Even nearby buildings of greater or
egual height have been known to cause shadow
patterns; even in the monitors of the transmit-
tilng station.

Another common drawback is that it is often

not possible to erect a multilayer antenna; so

that desirable antenna gain must be sacrificed.

ANTENNA
‘—‘ L

WOISE LEVE]
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Fig: 5.--A “Mmotntain-top” station has its highest
signal where least needed; i.e., wheére noise
level is lowest,
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Finally, there are the usual difficulties en-
tailed in making a fairly complicated and elabo-
rate installation in a building owned by another
party.

(B) Locations on Mountain Tops

Quite the other extreme, as far as the cost
and labor of installation go, are the locations
on mountain tops or high hills, Such locations
have just one advarntage, namely, height. As
noted above, the effect of height on coverage is
striking. By locating the transmitter on a
mountain or other natural elevation, it is possi-
ble to obtain coverage not practical by any
other means. This factor alone justifies such
locations where large rural coverage is required.

The disadvantages of mountain tops are sev-
eral. They entail the purchase of land and the
construction of buildings, power lines and other
services under the most difficult conditions.
The locations are remote, inconvenient, and often
almost inaccessible. The signal distribution is
bad in that the signal is greateést where it is
little used and much less (ordinarily) where it
is most needed (Figure 5).

It should be noted that the competitive
situation (where there areother stations located
in the principal cities) suffers in this respect:
As Figure 6 shows, the station in town has a
strong signal where most of the audience lives;
the mountain-top station, if very far away, is
much weaker.

The above conditions, of course, apply only
to installations on remote mountain tops. In
some cases, moderately high hills exist on the
edge of town, or even in the town. These are
natural sites for television stations if procur-
able. In the cases of very hilly cities, they
will be almost a necessity. '

In many cases; however, the city in question
will-~because of irregularities of terrain or
the proximity or distance of other cities--lie
to one side of or in cone eénd of the trade area
with which it is associated, as shown in Figure
T. Again, because of availibility or non-avail-
ability of suitable elevations, it may be
necessary to locate the transmitter to one side
of the area, regardless of symmetry. The ques-
tion then arises as to how to satisfy the
requirement that coverage be provided to the
proper areas.

Antennas which give radiation patterns of
special configuration, such as shown in Figure 8,
can be designed, and some are actually in use for
television broadcast purposes. It is relatively
simple to combine in one design both high gain
and special directivity. With such antemnas it
is possible to provide more complete coverage in
an irregularly shaped service area. Co-channel
protection of nearby TV station is also possible
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Fig.

with directional arrays. Thatdirective antennas
will in the future be used to a very considerable
extent seems fairly certain.

(C) Use of AM or FM Tower

When the television station is to be under
the same ownersh1p asan existing AM broadcastlng
station, there is a third possibility which is
sometimes worth considering, viz., location of
the television transmitter in the same building
with the AM transmitter. The television antenna
may then be mounted on topof one of the AM towers.

The chief advantage of this type of instal-
lation is the saving effected, not only in first
cost, butinoperating cost as well. First costs
are low because there is no land te purchase, no
building or tower to erect, little or no extra
cost for running in power 111165, etc. Operating
costs are lower because of the centralization of
operating and maintenance facilities.

Cooperative effort can (and has been known
to) reduce the individual station’s costs and
difficulties in those instances where more than
one licensee plan to place their transmitters in

N\, TRADE AREA |

7-=Where the area is not symmetrical about
the city, it will usually not be possible to
cover the whole area with a non-directive
antenna.

Fig.

RURAL AREA

station may suffer by comparison with that of a

the same area., Incidentally; FCCregulations
require sharing of sites where competition would
be unduly restricted if one licensee gained
exclusive rights to the only desirable location.
There are several disadvantages to this
type of installation. For one thing, the loca-
tion is usually not the very best and some sac-
rifice of coverage is entailed. For another,
mounting the television antenna on the AM tower
is a tough mechanical job. Unless the tower has
been especially designed for the purpose, it will
usually not support an &laborate array. {(Ore
way to get around this is to remove part of the
existing tower, allowing the television section
to replace it apprommately as to weight and wind
resistance.) Again, aproblem occurs in bringing
the television transmission line around the tower
insulators (if of insulated type), although this
can be handled by installation 6f suitable blocking
circuits. Also, thereis the fact that the tower
is usually several hundred feet from the building,
which, together with the height of the tower,
makes for a rather long transmission line w1th
losses which may run to 20 pércent or 30 percent
of the transmitter output. Finally, the AM band
lies completely within the range of video fre-
guencies; therefore, special shielding or other

TRADE AREA

PN

Fig. 8--Directional antennas are recommended
for use in irregularly shaped service areas.
or where it is necessary to protect the
coverage of another television station,

5-5-05



installation precautions will undoubtedly be
necessary in order to prevent interference with
the video signal.

In the event existing AM and FM stations
find that their present sites and towers can be
used for television, the chances will mo doubt
be far better for FM installations since the
propagation characteristics of FM and TV have
much in common. But, as stated before, placing
a television antenna atop a standard broadeast
station tower may prove practicable if the latter
happens to be properly located,

Superimposing television transmission on an
existing FM operatlon can, in some cases, be
accomplished either by placing a separate TV
antenna on top of the one being used for FM or
by tr1plex1ng“ the TV sight and sound plus the
FM aural service onasingle antennia, The latter
p0551b111ty, however, is restricted to certain
appropriate combinations of FM and TV channels.
And, if all other factors should be favorable,
thls triple-duty antenna can be mounted on andAM
tower.

While aural FM and TV combinations are
commonplace, dual or triple transmission from an
AM mast figures in the television picture less
frequently. Changes in the over=all height of
an AM radiator can create difficulties for that
service, particularly in a complicated direc-
tional array. The problem of electronic isola-
tion is much greater when AM is involved than
with the simpler combination of FM and TV,

0Of interest in this comnection, however, is
the fact that Commission rules do permit the
approval of site proposals for TV involving
directional antemna systems. At least one oper-
ating station has received permission to use its
out-of-town AM tower in combination with a di-
rectional television pattern. The Commission
emphasizes, however, that “it is generally pref-
erable to choose a site where a non-directional
antenna may be employed”.

Any combination of transmissions from the
same antenna assembly requires special Commission
approval. As a basis for considering a proposal
of this type, the FCCdemands “complete verified
engineering data showing that satisfactory oper-
ation of each station will be obtained without
adversely affecting the operation of the other
station,” as well as evidence to show that other
rules,concernlng antenna height, field intensity,
ete,, are being complied with properly.

(D) Use of Special Striuctures

If there are no mguntain tops nor other
high elevations within reasonable distance--and
no sufficiently high buildings available--only
two alternatives are left. One, of course, is
to make the best of lower points, using increased
power to make up the difference and hoping that
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the shadows will not be too bad. The other, and
better alternative, is to erect a special stric-
ture to support the television antenna. Usually
this will be asteel tower of the self-supporting
type, although guyed towers are in use. In
extreme cases, this tower may Test on the ground
itself; more usually it will be erected on a
bulldlng of medium height.

What are the advantages of this type of
installation? The most obvious, of course, is
that it offers a much greater latltude in the
choice of the building to be used. Notonlydoes
this choice allow the selection of a good space
for the transmitter, but also it may permit the
studios to be located in the same building as
the transmitter, or vice versa, if the studio
site has already been decided on.

Imposing masts jutting five hundred feet
and more into the air are not uncommon among
today’s television stations, particularly in flat
areas where terrain advantages are few and dif-
ficult to capitalize upon. In hillier country,
shorter towers frequently enable a station to
approach the 500 feet-above-average-terrain norm
prescribed by the FCC for stations of the metro-
politan class.

The disadvantage of higher towers is the
added cost of the steel which must he erected.
In most cases, the roof, if a building is used,
will require extra reinforcing (usually a frame
of T-béams) which, together with the difficult
working requlrements, tends to make erection
costs a sizablé item. Obviously, the first and
most important thing to check when considering an
installation of this type is whether the roof will
support the tower and what the cost of the extra
construction is likely to be.

While possible disadvantages of this type
installation are obvious, experience has shown
that in addition to the definite plus value of
being able to choose among several different
locations, this choice can make easier the
matching of strongest 51gnal area with densest
population. The station’s bargaining position
with real estate agencies is improved, alse.

CALCULATION OF COVERAGE

For purposes of filing an application for
construction permit with the Federal Communica-
tions Commission, it is presently necessary to
calculate the five millivolt per meter and one-
half millivolt per meter signal contours. This
will, of course, provide an indication of the
expected coverage. Such data should be prepared
by a qualified engineer.

It is beyond the scope of this discussion
to deseribe in detail the methods used for de=
termining the coverage of a television station,
However, a review of the facters invelved in



location studies may be useful in illustrating
some of the problems.

The factors which influence the coverage of
a television station are not entirely identical
with those which determine the rangeof a standard
broadcast station. The coverage of a television
station will be affected by:

(A) Power of transmitter

(B) Gain of antenna

(C) Height of antenna above prevailing
ground level '

(D) Obstructions between transmitting and
receiving antennas ‘

(E) Noise level at receiving location

The power of the transmitter and the gain
of the antenna are completely interchangeable as
far as coverage is concerned. A one-kilowatt
transmitterused with an antenna whose power gain
is four will produce the same results as a two-
kilowatt transmitter and an antenna with power
gainof two. It would thus appear that one might
use a very low-power transmitter and a high-gain
antenna with resulting economy. However, there
are limits to each. First, television antennas
must be broad band and an increase in antenna
gain is often accompanied by a decrease in band-
width. Also, as antennas are increased in gain,
they become taller, heavier, more costly, and
require more substantial and expensive supports:
Antenna power gain of the order of four is
practical inmost cases and, with a five-kilowatt
transmitter, will produce the equivalent of
twenty kilowatts radiated power,

Obstructions between transmitting and
receiving antennas will cause shadow areas where
signals will be weak or even unusable. Such
obstructions may be groups of tall buildings or
hills. Naturally, antenna height will aid in
overcoming the effect of such obstructions,
Shadow areas behind interfering objects do not
extend indefinitely, but tend to *“fill in”
because of refraction effects. In general,
obstructions near the transmitting station will
create shadow areas of greater extent than if
they are farther from the station.

It will be important to examine the shadow
areas and to determine whether or not they fall
over important residential sections. If so, an
alternative transmitter site may be preferable.
With fairly level territory, shadows can he pre-
dicted within reasonable limits, but in hilly
terrain, the problem is both complicated and
helped by the fact that signals may be reflected
from some hills, ,
reduce shadows, but may also result in both a
direet and reflected signal being received in
some spots, causing “ghosts”. The problem of
location in rough terrain is one which demands
individual study.

Some reflections may tend to

Noise level at the receiving location is
not within the control of the transmitting sta-
tion, but the location of the transmitting
antenna can be planned to produce maximum signal
strength at points where noise level is highest.
High receiving noise level will generally be
experienced in densely populated areas, along
main highways and mear railways or manufacturing
areas. It is usually most important to provide
high signal strength to densely populated sec-
tions. This means that if the station is closest
to such areas, the signal strength will be
greatést where it is most needed (re Fig. 5).
Rural and suburban areas can ordinarily be served
successfully with signal intensities considerably
lower than in metropolitan localities.

In cases where suggested antenna locations
are questionable, the Commission recommends, and
may sometimes require; that special propagation
tests be conducted and field intensity measure~
ments taken. Recently developed items of equip-
ment utilizing a pulse technie offer promise of
greatly simplifying this advance testing of
sites.

~ Stations contemplating the selection of a
site inathickly populated part of town may want
to give some thought to what effect their trans-
mission might have onother activity in the area.
If it appears that the proposed station’s
“blanket area’” may interfere with reception of
other stations in the vicinity, the Commission
may require that the applicant “assume full
responsibility for the adjustment of reasonable
complaints arising from excessively strong sig-
nals of the applicant’s station.” '

No serious problems of this nature have
developed with present transmitter powers, but
the possibility willbe present when higher power
transmitters come into uses '

Television service conveys more intelligence
than audio transmission and, in general, requires
a higher signal strength for satisfactory opera-
tion. Hence the importance of a reasonably high
effective power of the station.

From the foregoing, it will be apparent that
antenna height and proximity to built-up areas
are desirable from a coverage standpoint. In
many cities this points to the use of a tall
building in the business area as a transmitter
site because height can thus be obtained econom-
ically, also, business districts are usually
centrally located. As an alternative, a hill
near the center of the city may be equally desir-
able.

Speaking in general, the problems inherent
in locating a television transmitter are capable
of solution, but they must be approached with
intelligence based on technical experience.
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PROGRAMMING PLANT

Practical aspects of day-to-day operation
can influence the choice of a programming plant
location to a much greater degree than’ the
selection of a transmitter site. Inmany respects
the factors which determine the desirability of
a particular spot as a location for a television
programming center are identical to those which
would affect a similar decision in aural broad-
casting.

The loecation for the programming plant
should be chosen with care -- for the suitability
of this location may have considerable bearing
on the successful operation of the station. On
it may depend the availability of programs, the
operatlng convenience, and other considerations
of interest to the station owner and station
sta f£)- .

While there are certain factors which must
always be considered in choosing a location it

is not possible to lay down general rules which

will be applicable in every instance. Local
conditions are usually the determining factor
and these may vary greatly. For instance, in
some cases the competitive situation or the
necessity of malntalnlng prestige may 0utwe1gh
ordinary economic considetrations. Again, it may
be desirable to combine the television operations
(or some part of them) with another business
which is under the same ownership. Obviously,
every prospective station owner will have to
evaluate such factors himself in order to arrive
at the most satisfactory overall solution.

CONSIDERATIONS 1N CHOOSING A LOCATION

There are certain considerations which
apply to every possible site and it will be of
value to set these down as a sort of preliminary
check list., These considerations ave;

{A) Adequate space for operations.

(B) Cost of land and buildings (or resnt
and building modificatiocns).

(C) Provision for future expansion.

(D) Convenience of reaching location.

(E) Freedom from interference.

(F) Facilities: DPower, water, etc.

(G) Nearness to outside program sources.

(H) location with relation to transmitter

site,

(A) Adequate Space for Operations

Space requirements may well be the most
influential of all factors, A full section must
be devoted to the many facets of that subject.
However, before going into this subject we will
first discuss the other factors.
(B} Cost of Land; Buildings or Rent

It is essential to know the initial capital
expenditures as well as the likely operating
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costs of the plant, exclusive of broadcasting
equipment,

The real estate market, and other local
factors, will have 1mportant bearing on the
de01510n. Beal estate rentals and purchases are
especially important in television because of the
relatively large amounts of space needed.

If the studios are housed in a specially
coristructed building, the initial costs will
include land, structure, furnishings, etc. The
operatlng cost can be arrived at by amortizing
the investment (initial cost) over the period
permitted for tax purposes and adding thereto
the estimated taxes, repairs, building service,
heat and air conditioning, etc. If the studios
are to be located in an existing structure, the
cost of modifying the space to its original
condition will constitute capital expenditures.
In this case, rent for space, taxes, and plant
operations will comprise the principal operating
expenses. It is suggested that in making cost
comparisons the equipment and broadcastlng
operating costs be figured separately, since
these are somewhat independent of plant location
and are dependent upon the type of service to be
rendered. However, if the sites being compared
affect such costs, of course they should be
considered.

In a good many cases, the station owner must
choosebetweenlocatlng his studios in an ex1st1ng
building in the business area of a city or

erecting a suitable structure on the outskirts
of the city. An examination of the initial and
operating ecost of each choice should be made,
taking into considerafion the other factors which
are listed above. Tt should be kept in mind
that suitable studio space in existing buildings
will not be easy to locate because of limited
ceiling height, close spacing of columns, ete.
Such structures as public halls, warehouses,
garages are likely prospects for investigatiomn.

In the selection of land outside the
business area,bulldlngrestrlct1ons, limitations
on trucking in streets and tax rates must be
examined. Local zoning restrictions must be met.
With props and scenery going to and fro, there
will be more commercial traffic around a tele-
vision studio.

() Provision for Expansion

Most television station operators will wish
to provide, initially, only such facilities as
are required immediately or in the near future.
This will keep the initial expenditures at a
reasonable level and prevent an over heavy
amortization during the formative period. More-
over, operating expenses, including rent, will be
kept to a minimum if the plant size is not too
large, '



An inadequaté layout, however, will be a
severe handicap to operationms. Hence the wisest
course will be to arrange for space to be added
when needed or to deliberately install more
space than will be required initially, leaving
the extra rooms in an unfinished condition. If
a specially built structure is to be used, the
architect can de51gn the ultimate bulldlng and
indicate the portions which are to be erected
initially.

Curtain walls can be used at points where
additions are to be made. Tt may be economical
to install heating, cooling and other common
facilities of such a size that no replacement
need be made when building additions are made,
If the building is alow-cost structure, provision
for expansion may be limited to providing an
oversize plot of land with the initial structure
located so that additions can be made.

Studios in office buildings or other cen-
trally located structures are more likely to
be limited when additional space is sought. If
space is rented, an option may be taken on
adjacent quarters and plans made initially for
the ultimate use of the space.

The problem of providing for expansion is
considered in greater detail in the section on
Size and Design,

(D) Convenience in Reaching Locations

Television is likely to employ actors who
may appear in theaters or other entertainment
centers. If the studio location is dlfflcult to
reach, actors may be unable to take part in their
performances and also telecast. Clients may
object to visiting a remotely located studio.
Time will be saved for remote crewmen going to
and from location; Adequate public transporta~
tion for staff members is essential,

Obviously, the central city location is
likely to be the most convenient and the far

distant studio the most objectionable from the

viewpoint of accessibility.

In a number of cities there will be found

areas which are not far from the business center
and which are not builtupwith either high grade

business structures or residential construction.
Providing that adequate transit facilities exist,
such localities may be potential studio sites.
It is likely that land costs will be low and no
great objection can be raised to traveling time.

Lowest land costs and best opportunltles
for expan51on will exist outside city limits.
Such sites _may be advantageous, particularly in

cases of cities whose residential reaction lies

1n one direction away from the dewntown area or
in the instance of “Twin Cities” where a site
between the two may not be inconvenient to reach.

In any event, the wise planner will be sure
that his studios can be reached easily in a
reasonably short time,

(E) Freedom from Interference

Just as in the case of sound broadcasting
studios, it is unwise to select a location for
television studios which will result in troubles
costly to eliminate, Such sources of trouble
include vibration, noise and electrical disturb-
ances.

Studios located in factory buildings or in
newspaper plarts where large presses are mounted
are likely to experience trouble from vibration.

Vibration is apt tocause microphonic effects
in both picture and sound ¢ircuits. It can be
corrected by special arrangements for *floating”
the studio on su1table absorbing materials, but
the cure is expensive and requires careful
engineering treatment. The best solution is to
avoid such locations.

Noise will cause trouble chiefly in the .
sound circuits--by pickup in the microphones.
In quiet locations, simpler sound proofing may

be satisfactory. Use of sound absorbent material

between walls and ceiling spaces may be sufficient,
and may also serve as heat insulation.

In the case of studio buildings on a separate
plot, the best cure fornoise is a quiet location.
Some common sources of noise are heavy street
traffic, railroad whistles andairplanes. Studio
buildings located near airports or along airways
will be subject to roar from passing planes.
Since air travel is on the 1ncrease, it is well
to select a locatlon which is unlikely to be
near a future air route.

In either city or suburban locatiens, if
more than one studio is planned, arrangements
must be made to keep sound originating in one
studio from being transmitted into the other.
This problem is common to standard broadcast
studios and may behandled by conventional means,
and is treated at some length in the “Studioc”
Section of this Handbook.

Electrical disturbances are not usually a
serious consideration in sound broadcasting but
present problems peculiar to television.
Changing electric fields caused by breaking or
switching high power electric circuits may affect
video systems. Sources of such disturbances are
elevator contactors, heavy electrical machinery,
electric locomotives or traction systems, smoke
or dust precipitators, X-ray machines and radio
transmitters including high frequency and
standard band broadcast stations. Inasmuch as
AM broadcast carrier frequencies are well within
the range of the video channel, elimination of
R-F pickup in cameras is apt to be a problem‘

_Such. cases may occur if the television studio is
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close to a high power transmitting antenna. Note
that no interference results from location of a
televigion studio near a broadcastlng studio,
ufless the broadeast transmitter is there, too.

1f electrical disturbances are prevalent,
but other factors are favorable, shielding can
be resorted to. Either the studio or the source
of the disturbance may be shielded, depending on
which is the most practical method. Adequate
shielding and bonding is somewhat costly and
hence it is better to avoid the problem if
possible rather than to attempt a solution,

(F} Facilities

Water, power, and other public utilities
must be accessible. A television studio’s power
requirements will be far greater than those in
aural broadcasting, and a well-regulated source
of power, preferably coming from the same system
supplying power to residential areas, will be
required thus, if any “hum” is present in the
picture signals, it will be synchronous with the
“hum™ in the receiver and will notbedlsturblng
While this is not apt to be a major factor, it
is worthy of consideration.

Steady power supplies, free from voltage
fluctuation, will greatly simplify operating
problems. In urban locations such power sources
are usually avallable, but a special transformer
and distribution circuit may be required to carry
the lighting load. The switching of llghts
should not affect the power source for equipment.

Both single phase and three phase supplies
are desirable. Video equipment is designed
primarily for single phase operation, but some
associdted equipment such as film projectors may
require three phase supplies. Tt may be advan=
tageous to operate banks of llghts across
different phases to reduce “hum”,

(6) MNearness to Program Sources

The propagation characteristics of tele-
vision signals do not enter this phase--with one
excePtlon. If the studio location is to be used
as either a transmitting or receiving point for
microwave relay connections, consideration must
again be giventoheight, centrality of location,
and freedom from obstructions.

Microwave relay links are highly-directional,
have a limited range and are extremely sensitive
to phy51cal obstructions in their line-of-sight
transmission path., It is usually necessary to
be able, theoretically at least, to see the
receiving antenna from the point of origination.

If the main programming center is built on
low ground or in the midst of tall buildings, its
value as a receiving point for the mobile unit’s
microwave relay will be very limited. Since the
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remote truck will be operating at constantly
changing points, many of which may be difficult
to work at best, a receiving antenna thatishigh
and free of obstruetlons in all directiors will
save many man-hours which would otherwise be
spent trying toline up an acceptable connection.
And since about fifteen miles is the maxinium
range for most relay transmitters; a central
location is desirable. As an alternative in the
instance of outlylng studios, a steel tower may
be used to give adequate height to the receiving
antenna for the relay system, or the relay
receiver may be located in the main transmitter
building and its antenna installed on the main
antenna tower or support.

Signals from the field apparatus may also
be transmitted by short distance telephone cir-
cuits or coaxial cables to the studio or to the
main television transmitter directly. If the
studio is in mid-city, it will prebably be con-
venient to send the field signals there, for
handling and retransmission to the main trans-
nitter. Some advantages can be realized by
locating the studio centrally with respect to
points where outside programs would take place.
Such points might be theatres, arenas, stadiums,
audi toriums, athletic fields, churches, department
stores, etc. Line circuits can thus be reduced
to the minimun length.

(H) Locatjon with Relation to Transmitter Site

The location of the studios, with respect
to the location of the transmltter, is another
factor which will have an important bearing on
the initial and operating costs of a television
station. While it is not necessary to have the
studios and transmitter in the same building, or
even nearby,yltshould be recognized that program
lines in addition to possible network, studio-
transmitter, other special video lines, and many
aural circuits will benecessary. Usual practice
at present isto feed the audio portion of remote
originations by regular telephone company lines.

In general, there are four situations which
may arise., These are:

(A) Studio and transmitter in same building.
(B) Transmitter in a nearby building.

(€C) Transmitter located in suburbs.

(D) Transmitter on a mountain top, etc.

In the first three, the audio circuits will
undoubtedly be telephone lines. In the fourth
they may be either telephone or radio relay.

The video link in (A) will undoubtedly be
coaxial cable. In (B) and (C) it may be either
coaxial cable, equalized telephone line, or
microwave relay--with the latter twomost likely.
In (D) it will almost certainly be R.F. relay.



Tt will be quite obvious that the cost of
link circuits will vary greatly fromone installa-
tion toanother. Locating the studios and trans-
mitter in the same building will ordinarily be
the least expensive. When the transmitter is in
a nearby building the initial cost will depend
on the problem met in running the connecting
coaxial cable. In either event the maintenhance
cost should be relatively low. Moreover, the
proximity of studio and transmitter operations
makes for convenience and some saving in operating
cost. A transmitter location in the suburbs
(with studios downtown) ordinsrily means a
distance which will make a coaxial line very
expensive and an equalized telephone line may be
the alternative. In this case the rental is an
additional cost which must be considered. Trans-
mitter locations on a remote mountain top will
almost certainly require a radio link. This
will necessitate a high location for the antenna
of the studio relay transmitter as well as other
provisions which may make the original cost
fairly high. The operating and maintenance
costs, however, should be relatively low.

Stations planning mountain top locations
will probably find purely academic any further
discussion of concentrating all station activity
in omne spot.

Those which have a choice, though, may find
that certain economies in both construction ard
operating costs can be achieved by a single
location-~in such ways as these:

_ Need for studio-transmitter links is
eliminated;

Duplication of some facilities, such as
maintenance shops, can be avoided;

Cost of original building construction or
adaptation canbe reduced if all units are housed
together;

Test pattern transmission periods can be
handled by transmitter personnel alone without
installation of duplicate picture projection
instrunents;

Some master control functionscan, in certain
types of operation, be assumed by the transmitter
crew,

Stations attempting to operate near minimum
expense levels may find the latter two points of
keen interest. If an extra person must be on
duty at the programming center te ariginate the
test pattern signal, manpower costs will be
increased. Orif duplicate equipment is installed
at the transmitter, anextra tenor twelve thousand
dollars must be spent.

A similar situation can prevail during por-
tions of the active programming schedule--~during
periods of solid network service, for example.

Tt is not unusual for stations with direct inter-
connected network service to complete all local
production early in the evening, at least on
certain days of the week, Some of them have
their plants so arranged that all operations
after that time canbe integrated with transmitter
control, thereby permitting manpower economy.

Film projection facilities will be required
at the transmitter if activity of this character
becomes very exteénsive; of course, and stations
with only station identification instruments.
there will be unable to concentrate operations
in this manner.

Unless studios for live shows are a part of
the plant, program operabions will almost cer-
tainly be carried on at the transmitter location.
Some. stations which do have studios, but cannot
feasibly have them at the transmitter site, are
dividing their program operations; putting
everything except studios at the transmitter and
manning the studio lecation only for special
features.

This latter arrangement does make partieu-
larly difficult, however, the integration of
film into studio productions, an increasingly
popular method of handling titles, commercials,
and special effects.

There are many situations; of course, in
which a single location would involve over-riding
disadvantages. A mountain-top transmitter site,
as mentioned earlier, comes near ruling out such
a possibility completely, especially if a studio
is desired.

Some building-tops which provide splendid
transmitter sites simply will not accommodate a
programming plant adequately. In other such
cases, the rent may be prohibitively high.

Even stations which erect towers in open
area on level ground may find that the cost of
constructing new buildings is too expensive,
compared to cost of renting existing space else-
where.

In summary, though, this generalization
seems safe enough: Most stations prefer to con-
centrate all their activity in the fewest possi-
ble number of places, and integrate all operations
as closely as possible, consistent with the
situation which exists in their company and
community. '

S{ZE AND DESIGN

At the outset of discussions relating to
size and design it may prove valuable to draw in
the broad outlines of a television plant for pur-
poses of perspective, by comparison with aural
broadcasting. Operational layouts of these two
broadcasting services are remarkably parallel.
Both concern studio; remote, network, and
mechanically reproduced programs; feeding into
master control for mixing, and being fed to a
transmitter. ‘
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Experienced broadcasters entering the visu-
al field will be faced with some familiar deci-
sions: Shall master and studio control be com-
bined or separate? How can studio area be pro-
vided for peak demand without wasting a lot of
space? And, how can additional production
facilities be added tothe original nicleus with-
out upsetting the basic arrangement?

While the outlines and proportions bear some
resemblance, the scale of the two services will
be quite dissimilar. Obviously, even the housing
of equipment and personnel calls for more floor
area.

Some authorities on both aural and visual
broadcasting have found that television demands
three or four times as much space as a comparable
aural operation--when studios are involved.

Deciding what constitutes “comparable” aural
and visual stations is impartant, of course,
The answer can be found, within limits, by exam-
ining major points of comparison, such as: (1)
availability of network service; (2) empha51s
placed on live studio programming; (3) amount of
time devoted.tanechanlcally reproduced programs,
i.e, records and transcriptions in aural and
film in visual; and (4) extent to which special
events, sports, and other outside program sources
are utilized.

Space needs at the programmlng plant are
really determined by the extent to which the
station uses each of the four programming sources:
network, film, remotes, and studios.

Transmitter

A good round-figure starting point when
calculatlng the floor area needed for a 5 KW
transmitter installation is 1000 square feet.
This space should accommodate a modest storage
compartment and maintenance workshop in addition
to the basic transmitting equipment.

In a 500 watt installation, the transmitter
proper will be about one-half to one-third the
size of the 5 KW unit, but several pieces of
associated equipment will be of the same size.
Consequently, a little more than half of 1000
square feet will probably be required. About
600 square feet should be a good working figure
for the smaller transmitter.

If necessary, both these figures can be
trimmed about 20% by exercising extreme care in
fitting the various pieces of equipment together.
A more likely prospect though, is some expansion.
of these average minima to provide more elbow
room and space for futire expansion.

It shouldbe kept in mind that some stations

using 5 KW's of power initially will want to step
up to 50 KW's when transmitters of that size
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become available. And, FCC willing, a normal
progréssion from 500 watts to 5 KW's is always
possible.

You will recall from the discussion above
that stations with separate transmitting and
programming plants often find it advisable tohave
station identification equipment at the trans-
mitter. Stations ant1c1pat1ng suchan eventuality
will want to pad these estimates abit to provide
room for two or three racks of equipment, turn-
tables and the like.

 Exact dimensions of individual pieces of
equipnient will varyamong different manufacturers.
Some fluctuations will also occur ina few of the
components according to the channel used, lower
frequencies in general requiring larger units.
But these differences should not be great enocugh
to cause serious trouble wiless the square footages
quoted above are being trimmed too closely.

These figures cover operating area only.
Such additional features as sleeping and cooking
facilities, lounges, baths, etc. must be based
strictly upon the local situation. Problems in
this area, of course, are not different from
those encountered in aural broadcasting.

Since equipment racks are usually about
seven feet tall, minimum ceiling height is
approximately‘nine feet. More height facilitates
cooling.

To get some idea of the total amount of land
required for a transmitting plant located on the
ground, we must look at the base of the tower as
wellas the transmitter house. Usingthe building
as the base of the tower 1s not an unheard of
arrangement, but more often the tower is based
on the ground alongside the building.

Since noelaborate ground systen1is necessary
with a television antenna, the transmitter house
and the tower base are the only two factors--
except in some cases where local zoming regula-
tions may enter the picture.

Height is the principal factor governing
size of 4 tower’s foundation, of course, with
weight and design variations exerting lesser
1nfluences. Self-supporting structures varying
an height from 200 to 500 feet must have founda-
tions covering something like 500 to 5000 square
feet respectively, with gradations in between.

Guyed towers, of course; require much more
space, since anchorages for guys must be avail-
able on all four sides at a distance which
approaches the tower height.

Providing some protection against the future
construction of tall buildings or other obstruc-
tions in the vicinityof the station’s antemna is
another factor which may influence the size of a
transpitter site. To insure against some obstacle



being built which would interfere with the
station’s coverage pattern, a prospective licensee
might possibly find it wise to option a larger
plot of ground than would otherwise be necessary.

Even stations-with a bulldlng-top anternna
installation may want to give some consideration
to such a possibility.

In any event, a study should be made of the
various measures of protection which may be
afforded by zoming and other local regulations.

Programming Piant

A clear viewof the station’s future program
structure is invaluable at this stage of develop-
ment. The greater depth of foecus the planner can
obtain, including the reasonably distant as well
as immediate future in his visualization of
program operations, the greater chance there
will be of bu11d1ng a plant which will need a
minimum of major alteration.

Deciding which of television’s program
sources (network film, remotes, and studios)
will be employed 1s not enough. It is dmportant
to know the extent to which each of the four
program sources will be employed. A program
philosophy for the new station now becomes
essential,

The fact that outlining a completely firm
program pattern is patently 1mp0551b1e accounts
for the emphasis given earlier to the importance
of flexibility. On the other hand, there will
undoubtedly exist some fairly clear idea of the
emphasis to be given programs from each of the
program sources.

The availability or absence of network
programs isan obvious factor. Stations planning
to use large quantities of film; including
perhaps off-the-tube recordings of network
featires, will want to provide more operating
area in the projection department than a station
which expects to use film only for commercials
and to fill unavoidable gaps between other types
of programs. There are cases in which outside
pickups are featured to such an extent that two
mobile units have been found necessary. This
point 1s most pronounced in the decision
concerning studio size.

With these thoughts in mind, the discussion
of space requirements in the ensuing paragraphs
can be 1nterpreted properly. As always, the
thinking here is in terms of average minima.
Depending upon the emphasis to be placed upen
each of the program sources to be incorporated
in a plant, it is logical that these requirements
may be shaded slightly or increased considerably.

We will now look at the program sources
and control room needed to mix any combination
of the four.

plant contains a studio:

Program Nucleus

The heart of a television programmlng plant
is a synchronizing generator.

Closely associated with the sync generator
usually is a monoscope,* a simple, one-picture
camera used extensively for visual station iden-
tification and test pattern transnuss10n.

These two pieces of equipment, along with
amplifiers, monitors, power supplies, turntables,
aud io osc1llator5,andsw1tch1ng gear, both audio
and video, comprise the basic control center of
a television programming plant. Around this
center is built the master control wmit.

An announcers’ booth is operated in close
conJunctlon with this control setup to complete
*programming nucleus.” Such facilities and
functlons will be found, in one form or another,
at every teleV1slon,stat10n.

Onto this torso may be appended any combi-
nation of the four basic programming sources.
Naturally, the more sources a station uses, the
more complex this .control center will become.

When film is used, the camera control
apparatus fits loglcally into this unit. Only
in extremely large installations are separate
film control Tooms to be found.

The mobile unit’s microwave relay receiver
can be housed here advantageously, reception
gonditions permitting.

Network service requires certain termlnal
equipment. While the comminications ‘company’s
coaxial line amplifiers or radio receivers need
not be in the control room itself, they are
frequently. Regardless, space must be provided
for these common-carrier installations, and these
needs will logically fit as part of the~master
control operation.

A major problemis posed when the programming
Will the foregoing
equipment; which is of the genus master control,

be placed in the same room with studio control?

In an elaborate plant with a wealth of
fac111t1es, the answer will be a simple no. The
question is closer when there is only one studio
and a concerted effort is being made to keep
¢osts at & minimum.

Considerable duplication of equipment can
be avoided if the two control operations are

*Or a ‘“Flying Spot”™ camera, now comiietcially
produced, which permits transmission of slide
transparencies without more elaborate film
equipment.

5-5-13



housed together, and the possibilities of some
personnel doubling in brass are increased.

A number of stations now on the air do
utilize, or did utilize at one tlme, a single
location for all their programming control.
Diring periods of relatively simple activity, when
there is ample off-the-air time to accommiodate
all rehearsals, there appears to be no doubt
that such an arrangement 1s advantageous.

The success of such a combined operation
depends largely, however, upon simplicity of
program schedule. When it becomes mnecessary to
conduct studio rehearsals while other program
operations are in progress, complications begin
to set in. Additional manpower and equipment
may become essential. If so, economy is lost,
and confusion can be avoided by separating studio
and master control,

With these thoughts in mind, stations which
decide to begin with one control room may want
to provide space for a divided operation in the
future when activity is intensified.

Where there are -multiple ¢ontrol rooms,
certain advantages accrue from having them
located as closely together as possible. Use of
the same test gear im both is facilitated, for
example.

Switching systems can be arranged so as to
permit integration of all program sources at
either master or studio control--ifit is desired.

Exact space and layout requirements depend
to some extent upon the make of equipment to be
used. This is particilarly true in the control
center, where a large amount of eéquipment must
be fitted into a comparatively small area.

Decisions should be made as to exactly what
pieces of equipment will be used and plans made
accordingly, Assuming that the initial instal-
lation will have some degree of permanence; it

will certainly be desirable to provide extra

room for future expansion.

Looking for average minimum requirements,
however, this general rule-of-thumb may be found
to have some practical value:

Start with about 150 square feet of space
for basic control.

Add about 50 square feet for an announcers’
booth.

Add 50 square feet for each of these three
program sources; network, remotes, and film.

Add 100 square feet for a two-camera studio
control setup which i1s combined with master
control.

Add another 100 square feet if studio con-
trol is ‘to be separate from master control.

Although controls for a third camera will
oceupy oinly a very few additional square feet, a
three-camera installation, by its very nature, is
likely to be more lavish and require something
like twice the amount of space shown above for
studio control.

Ceiling height is not a critical factor in
the master control section, since seven-foot-
high racks will be the tallest items of equipment
to be accommodated. It will be well to keep in

,m1nd, however; that a considerable amount of heat

is generated by an extensivecontrel installation;

BASIC CONTROL
150 SQ. FT.

s

ANNOUNCERS BOOTH
50 SQ. FT.
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greater ceiling height will be valuable in heat
dissipation.

The desired shape of a master control room
will also be determined to some degree by the
type of equipment used, but almost any installa-
tion will be composed of some combination of
equipment racks and one or more consoles.

Sync generator, monoscope, amplifiers, some
monitors, patel panels, microwave receivers, and
other miscellaneous apparatus will normally be
rack-mounted..

Special switching instruments, film camera
controls, audio control equipment,; and master
monitors will usually fit together into one or
more consoles.

ATET terminal equipment is also rack-mounted
but usually in special units whichare only about
four feet tall. One rack of amplifiers is
required for each 1ncom1ng network, remotes,
etc.) and each outgoing (network feeds, trans-
mitter, etc.) line,

Actually, there is no striking difference
between the physical space and layout needs of a
video master control room and those for a
comparable aural operation--except that there is
apt to be a lot more of everythlng when the
visual and the aural are combined in television.

Studio Control Room. The first stepindesigning
a studio control room is to decide what the role
and position of program producers® shall be.
If there will be a technical director, or
switcher, and assistants to the director, needs
will be greater than the more modest situations
in which the producer does his own switching.

It may be well to keep in mind that a num-
ber of stations feel strongly that the producer,
especially on studio shows, cannot do his own
switching and maintain program quality. Conse-
quently, even stations which are not planning te
use special switchers may want to provide space
and facilities for this activity in the event it
should prove essential in their particular
operation.

In addition; those stations whose program
activities normally permit the director to do
his own switching may find that on special
features from time-to-time the services of a
specialist in this job are indicated. The
arrangement. can be such that operation with or
without a special switcher is optional.

Next step is to decide who, if anyone; must
see into the studio from the control room. There

*Since it is the general trend for individual
stations not to have both a producer and a
director. assigned to a given program and working
in the control room simultaneously, the two terms
will be used interchangeably.

is some disagreement among stations onthis point,

ranging from a few who feel 1t is not really
important whether or not anyone can see into the
studio, over to the other extreme where it is
felt everyone in the control room should have
the best possible view of the entire studio.

Acceptors of blind operation feel it ismore
important for both technicians and program
people in the control room to concentrate on
what they have on the monitéring secreens rather
than on what they could see through the studio
window.

While not disagreeing exactly with the keep-
your=eyes-on~the-monitor school, proponents
of the other extreme feel that there are certain
times--emergencies as a prime example--when the
best possible vision for everyone concerned is
invaluable. ,

In the middle is a group of stations which
follow a compromise course. They believe that
camera control men should be so placed that they
must watch their menitors exclusively, but that

directors must be able to see irito the studios,

at least when the occasion warrants.

It is difficult to disagree with those who
point out that on extemporaneous programs, for
instance, the director may miss much that is of
interest unless he is able to observe activity
in the studio directly and instruct his cameraman
accordingly.

On the other hand, there is ample evidence
that blind operation is certainly possible.
Some stations do it, and most remote programs,
the most unrehearsed of all originations, are
usually handled blind from the mobile unit.

There appears to be a definite consensus,
however, in favor of visibility, at least for
directors, whenever it is feasible.

With these two dominant factors in mind,
studio control rooms are usually laid out in one
of four or five different ways:

Simplest arrangement of all calls for only
one console, placed in front of and facing the
studio window. The director sits alongside his
camera control men. One disadvantage is that
the director gets only an angled view of the
individual camera monitors.

To overcome this handlcap, a number of
stations place the director in a raised position
immediately behind the main console. Here he
gets a more direct view of the monitors and can
see into the studio over the heads of the
operators.

Biggest disadvantage of this system is that
the director--since people are working in front
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of him--mist sometimes be an acrobat in order to
seée the particular monitor or other viewhe needs
at the moment. Not only is his observation of
the monitors sometimes obstructed; but they are
apt to be a little distant at best.

These problems are often overcome by putting
two or more special monitors immediatelyin front
of and below the director. One of these always
carries the on-the-air picture, the other (or
others), previews of upcoming shots.

All of these are systems in which everyone
is afforded the best possible view of the studio.
When it is not considered important that camera
control men be able to see the studio, this basic
console is moved away from the windew, usually
to one side. Inthe simplest setup of this type,
the director sits at an angle which permits him
to see both the studio and the monitors.

More elaborate version of this layout calls
for the director to have two or more special
monitors and sit directly in {front of and facing
the studio window:

When visual monitors are placed directly in
front of studio windows, high intensity light
from the studio floor may interfere with proper
viewing. Various devices, including special
glass to reduce glare and amount of incoming
light, shields over the monitors, specially-
constructed consoles, and other arrangements,
are in use to meet this problem.

It is easy to find flaws in any of these
arrangements. Sitting alongside his camera
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control men, the director gets a poor view of
certain monitors. Behind them, his view is
sometimes obstructed. With camera controls to
one side of the window, and the director placed
at arn angle to see both, he may develop neck
motion not unlike a tennis fan sitting on the
net line. And with monitors jammed up against
the studio window, he may be bothered by contrast
between viewing screens and studio lights.

Ceiling height is a factor to be considered
in studio control room desigh, especially if the
director and his immediate associates are to
work on a raised platform:

Something like three feet seems to be
standard elevation for such & platform. With a
ceiling height of eight or nine feet, a problem
can easily arise. Ten feet is likely to be the
minimim.

It is not difficult to arrange the room in
such a way that any equipment racks which may be
tieeded in studio control are on the lower floor
level. Therefore, the only problem is to obtain
sufficient head room for personnel standing on
the platform.

Securing plenty of ceiling height is not
difficult usually, simce the studio proper will
almost surely be abnormal in that sense, prob-
ably extending through two floors of average
dimensions.

Some stations take advantage of this fact
and raise even the lower control room level two
or three feet above the studio floor. Some

DIRECTOR

CAMERA CONTROL




studio designers point out, however; that the

control room should not be raised all the way to

the second story level, unless perhaps the studio
is enormous. Extreme height creates an angle of
view which reduces visibility sharply in the
studio area immediately below the control room,

Haintenance Shop. Schedules and facilities for
maintenance are @ major toplc of interest among
television station engineers. They urge uniformly
that careful advance thought be given the subject:

Desirable size of a maintenance shop will
£luctuate according to the amount of equipment
to be serviced; maturally. A workable rule of
thumb for deternining average minimum peeds runs
like this:

Start with 100 square feet.
for film equipment servicing. Add 100 each for
studios and Temotes.

Add fifty feet

This programming plant maintenance shop
should be located so that remote gear can be
unloaded easily. If station layout makes it
impossible to do this and keep the shop conven-
iently located with respect to other programming
equipment, two shops may possibly be indicated.
I1f so, start with 100 square feet in each case
and add according to the formula oiutlined above.

If programming maintenance facilities can
be combined with the transmitter shop, which 1is
separately provided for in this plan, so much
the better. Economy can be achieved.

Network
Since terminal and related apparatus for
incoming network service will be housed in the
main control room, orat least in space allocated
for that purpose, no additional operating area
need be provided for handling network programs.

Film Facilities

A careful examination of local ordinances
on fire prevention, as they relate to the
handllng of motion picture film, is a good
starting point in the planning of projection and
preview rooms. Rigid regulations devised origi-
nally for theaters will often applyto television
S tatlons -

Provisions for use of 16 mm film will be
very 51mple, as a general rule. Stock used for
this size is nearly always non-inflammable.

Most 35 mm prints are highly combustible,
however, and meticulous precautions against fire
are indicated. Projection rooms, for preview as
well as on-the-air operations,must be completely
fireproof. Special vaults are normally provided
for film storage.

Some stations planning to use only 16 mm
film at the outset have found it desirable to
design their projection rooms to 35 mm standards
in order to avoid rebulldlng later if and when

they find the larger scale desirable.

With 16 mm equipment, prOJectors and film
cameras are usually housed in the same room.
Only the camera control gear is in the control
room. " The same is very often true when 35 mm
prOJectors are used. Inthese cases, two or more
projectors are clustered around a single film
camera, with a mirror arrangement permitting
instant changeover from one projector to another:

PROJECTOR
——

‘o PROJECTOR
5} i,

v 1|

L CAMERA
e

- 7
PROJECTOR

On the other hand, some local laws require,
and some stations prefer, a fireproof wall
between their 35 mm projectors and film cameras.
Under this arrangement, control and prcjectlon
rooms are nsually side~by-side, and the entire
camera chain is housedin the control room. This
involves projecting the picture through small
ports in the fireproof wall separating the two
rooms; in this fashion:

Space needs in the projection room begin
around 200 square feet. This would be ample for
a modest outfit consisting of one camera, two 16
mm projectors, and one slide projector, plus a
worktable, monitor, and ‘small storage cablnet.

About 50% more space than this is required
for a 35 mm installation consisting of the same
items of equipment, plus a storage vault. The
projectors are larger, the vault is extra; and a
35 mm operation is inherently more elaborate.
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An extra camera with a cluster of auxiliary
equipment; such as spare slide projectors;
balopticon, etc., can be added to either of these
units within something like 100 square feet of
additional space.

Consequently, these estimates are based on
an average need of 200 square feet for a two-
projector, one camera 16 mm installation; 300
square feet for a similar 35 mm outlay; and 100
square feet for an auxiliary camera cluster.

co’ntrol room, separated by a flreproof wall the
projection room maybe somewhat smaller than this
figure, but the saved space must be added to the
program nucleus.

Preview Room. The program department will need
4 place to s¢reen film in advance, to time, edit,
cut, and splice the reels before they are ready
to go to the projection room. The sales depart-
ment will want a place to preview film for
clients, to check slide and film commercials
before they are flnally approved, and do a
variety of other chores in connectlon with sales
of film features. Using the main projection
facilities for these purposes is not usually
feasible.

It is not at all unusual to see directors
and salesmen using the walls of their offices for

16 MM

1 CAMERA

2 PROJECTORS ,
AND ASSOCIATED FACILITIES |
200 SQ. FT,
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holes for previewing each size film.

these purposes, at the present stage of develop-
ment, but a special preview room is a useful
arrangement which experienced stations turn to
whenever possible. If 35 mm film is used, a
special fireproofed room is essential.

One station which is buildifig new stidios,
1ncorporat1ng features based on several years of
operation, is placing its special clients’ room
alongslie this previewing room and prov1i1ng a
port in the wall between the two. In this way,
slides and motion picture film can be prOJected
through the port onto a screen in the clients’
room, thereby putting projection equipment to
donble duty.

The desirable size of a preview room will
bear some relationship to the extent of projec-
tion room facilities. One station which uses
both 16 and 35 mm projectors has separate cubby-
This gives
more freedom in using the facilities.

Something like 150 square feetwill probably
be ‘the smallest amount of work:mg space that you

will want to provide ina preview room. A station

which also uses 35 mm equipment will probably
have an operation warranting about twice that
much space, or more.

Film Production

Stations which plan to shoot motion picture
film locally and process it themselves will need
extra room in which to house this aectivity.
Space needs outlined above apply to film
projection, rather than production.

In any operation, motion picture production
fac111t1es can be useful especmlly for filming
,,,,,, Where
loca,lA newsr.eels. are to ,be emphaslzed‘ t}us phase
of the planning takes on particular importance.

Some stations farm out this entire activity
to commercial concerns, thereby eliminating the
need for film productlon facilities in their own
plants. This is especially true of stations which
donot feature newsreels, although a few stations~~
in cities where a local processing outfit is




geared up to high speed--have been successful in
handling even this latter undertaking on a
contract basis.

Generally, though, stationswhich specialize
in newsreels handle their own film production
from start to finish. They have their own cameras
and all the laboratary equlpment needed to process
the film from the time it is exposed until it
actually goes on the air.

Most stations use a standard processor,
which carries out the entire processing of 16 mm
film in one continuous operation. Exposed film
is fed into the machine and a completed product
comes out a few minutes later ready for editing
and projection.

A simple, one-processor installatieon of
this type, along with a medest area for splicing
gear and film storage as wellas space for mixing
the developlng Chemlcals, reqplres approximately
150 square feet as a minimum.

Although there are stations which find twe
processors necessary to meet their demands for
speed, quantity, and insurance against operating
difficulty; very few stations have more than one
processor. At least one station which has given
great emphasis to film production, especially
newsreels, reports that it has operated for over
a year with only one machine, ona very demanding
schedule, and has had no trouble with breakdowns
or other mishaps.

If a second processor is used, space must,
of course, be increased accordlngly, More space
will also be necessary if a station expects to
find multiple copies of some film essential.

A station planning to supply other organiza-
tions with copies of its newsreel footage, for
example, would probably find a special printing
machine necessary, in order to make several
copies of each item.

For normal operations, though, the processor
will turn out a master copy wh1ch can be used
dlrectly on the air. This is known as a

“reversal’’ A standard processor can turn out
positives and negatives as well as reversals.

Printingand associated act1v1tyw1llrequ1re
something like an extra 100 square feet--in
addition to the 150 square feet specified above
for processing.

Expansion. In the midst of examining the broad
outlines of a television operation, this may be
a good palnt to pause for a moment and restore
perspective by looking closely at one of the many
small operational problems which crop up after
a station gets underway.

A visual time signal can be a valuable
station-break feature. Aneffective presentation

is to show an actual clock, so that the second
hand may be seen moving precisely up to the
minute mark.:

The immediately obvious way of doing this,
of course, is with a studio camera. But even at
stations where these cameras are conveniently
located for such a purpose, operating studio
equ1pment for an occasional odd feature can, at
times, be an expensive proposition.

In this case, as in others, a baloptlcon is
a useful piece of equlpmenu. With it the film
camera can be used for picturing the clock and
its associated commercial or station identifica-
tion, without actually putting anything on film.

Should you be interested in the principle,
an intense light is reflected off the clock,
through a lens, and focused on the tube of the
£ilm camera-=in the same manner that motion
picture projectors focus their pictures on the
camera tube.

The clock is only one example of work the
“balop” can do. It also affords aconvenient
and less expensive means of reprodu01ng still
pictures directly from glossy prints, art work
from the original drawings, etc.

Principles of the balopticen aside, though,
our point is that stations seem to be constantly
flndlng new gadgets whlch,slmpllfythelrproblems
and increase the station’s effectiveness. The
original blueprints should be drawn to accommodate
this natural growth.

While it is true that a one-film-camera
station may find that it can “multiplex” (with
mirrors) a balop into its single channel, it is
also true that over a period of time the station
will probably want to add other projection room
1tems, such as, perhaps, a kaleidoscope (which
permits projection of movxng patterns onto a
screen that would otherwise be still), and soon
two film cameras would beconie essential.

Many stations consider two film camera
chains essential right fromthe start as insurance
against loss of commercials resulting from
trouble in a single-chain installation.

New inventions and equipment improvements
must also be expected over the normal life span
of a television plant, While there were no
revolutionary changes in equipment during 1948,
certain changes will almost surely come durlng
the next few years. True, new models do not

make existing equipment useless, but there 1is
always the possibility that the improvements will
be so great that statioms will find replacements
or additions advisable.

To c1teanexample1nthearea3ust discussed,

a new camera is being developed in the labora-
tories which some people believe w1llbesuper10r
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to the iconoscope for film reproduction. If so,
space and operational requirements in the pro-
jection and control rooms might be altered.

No doubt this point has been belabored,
but it is advice which experienced telecasters
emphasize: keepyour plant: flexible; prepare for
change and expansion, in the film and all other
departments.

Remotes

Inclusion of remote origination facilities
in the programming apparatus of a station involves
space and layout considerations and three points:

Storage area is required for the vehicle,
or vehicles as the case may be.

Maintenance shop capaclty must be expanded
so as to permit servicing of field equipment.

Receiving instruments--line terminals,
equalizing amplifiers, cables, monitors, micro-
wave relay gear--must be housed.

Space for the latter two functions has been
earmarked in our previous discussion of the
program nucleus. They will be integrated with
similar reeds created by other program sources.

Here then only vehicular storage space will
be considered.

A composite of the mobile units sold by
regular equipment manufacturers would have over-
all dimensions running something like these:
twenty-five feet long, bumper-to-bumper; eight
feet wide; and ten feet tall, at the extremes.
Such a weéhicle would completely cover 200 square
feetr. To provide 2:1/2 feet of clearance all
around the vehicle, plus 50 additional square
feet for miscellaneous storage, this sqguare
footage jumps quickly to 500,

Stations which build (or have specially
built) their own mobile units, starting with
large truck or bus chassis, frequently end up
with vehicles having proportions somewhat larger
than those described above. Even the so-~called
standard models are changed from time-to-tinme.
It is important, therefore, to know the exact
dimensiens of the truck to be housed before any
close decisions are made.

A few stations have found that two mobile
units are essential to meet their req?ﬁements,
a decision which has perfectly obvious effects
upon garage needs. An additional 300 square
feet, in combination with the original 500 should
do nlcely for a second unit,

More commonly accepted is the need for an
auxiliary vehicle to work with the main mobile
unit. Several stations have found a small pickip
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truck, station wagon, or other vehicle of this
size essentlal for use in tramsporting personnel
to and from distant or out-of-the-way pickup
points, advance surveying of locations, and other
odd jobs for which the main moblle unit is
totally unsuited.

One station which scrutinized its costs very
closely found that it could save money by
purchasing a small pickup truck. Savings came
primarily in the form of fewer manboiirs wasted.
Prier to purchase of the “tender,” the entire
rermote crew sometimes had to ride to location in
the main unit, with the result that several
people were on the scene several hours tooearly:

About 200 square feet should be ample storage
space for most auxiliary wehicles.

While there is disagreement among experts
concerning the usefulness of mobile power plants
for remote pickups, station builders may wish to
1nvest1gatethe1r‘pOSslble value in the particular
operation being planned and, perhaps, provide
space for such an outfit in the part of the plant
devoted to field facilities.

Mobile generators have been tried and aban-
doned in some irnstances because the frequency of
their power output could not be maintained at a
stable 60 cycles per second. In at least one
case, however, a station has found that it can
secure reasonable steadiness and tolerate the
slight variations in frequency.

Technical experts of this station report
that the discrepancy between the frequency of
¢ity current and its self-generated power is no
greater than the difference between its c1ty
current and power being used at network origimna-
tion peints in other cities.

If it is decided to use a generator, space
should be provided for it in addition to the
other items accounted for here:

First mobile unit--500 square feet.

Second unit--300 square feet.

Small tender==-200 square feet.
Building Studios

~ Thetelevisionstation construction permittee
who can look far into the future and visualize
clearly what his studio programming schedule will
be like is indeed a fortunate, and probably non-
existent, person.

The importance of plant flexibility, empha-
sized throughout this section, is most readily
apparent in the studio considerations. Here the
needs rise and fall sharply in proportion to the
amount of time devoted tostudio programs. (With
a couple of motion picture projectors, for



instancé, it would be at least possible to handle
almost any quantity of film the station may wish
to broadcast, but studio requiremeits do not
maintain such equilibrium.)

The most immediately important objective,
therefore, is to tailor the studio layout as
closely as possible to the station’s program
structure.

Is it planned tododramatic programs?
make great demands on studio space.

They

Are across-the-board shows planned which
need pretty much the same set every day? A home-
makers’ program with a kitchen setting might be
an example., If so, it may be wise to provide
space to keep such sets intact, avoiding the
expense ‘of striking and resetting them several
times a week.

How will audience participation programs
and other shows be handled where an audience mist
be seated? Ifthere is only one big studio, with
sets and props all over the place, accommodating
numerous program guests can be difficult and
expensive.

Are vaudeville-type variety programs planned?
If so a raised stage is desirable with curtains,
wings, and many of the provisions of a legitimate
theater. Intimate night club style variety shows
can be produced more easily on the main studio
floor.

~ Keep in mind, too, that a one-minute local
live spot announcement can be as demanding upon
studio space as a more elaborate production,

Studio Space Requirements. The rapid expansion
of television has brought with it adecided trend
toward larger and larger studies, not only among
network production centers but among individual
stations as well.

Granting that the local programming situation
is the controlling factor, let’s scrutinize exist-
ing operations in searchof some general guidance:

Among non-network owned stations on the air
at the beginning of 1949, the range in floor area
for main studios was from slightly more than 500
square feet to more than 4000 square feet.
About two-thirds of all stations on the air had
principal studios with square footage ranging
between 1000 and 2000. Of remaining stations,
about half had smaller studios and the other
half had more than 2000 square feet.

Anticipating with reasonable accuracy the
maximum number of staging areas, with sets
actually in place, which a station will need at
any one time is the first key to matching studio
facilities and program structure. This may be
an impossible objective, true, but at least it
gives us something definite at which to shoot.

If it is planned to originate, for example,
an early evening children’s program followed
closely by a regular news program which uses a
fairly elaborate set, it will probably be found
that two staging areas are essential.

Perhaps, as in the example cited above,
there may be a daily homemakers’ show which
requires a permanent set. Or there may be any
number of other sets and scenes which 1t would
be desirable to keep in positioii on a semis
permanent basis. Like one station, there may be
a series of commercials requiring use of an actual
filling station scene on a regular basis. The
question raised here is whether it is less
expensive in the long run to provide more space
than to be continually striking and resetting
the same scene.

Dramatic programswill often require several
sets, and they must be in place for rather exten-
sive periods to accommodate lengthy rehearsals.
Audience participation programs may require the
use of more than one staging area--one area for
the performers, another for the audience:

The tendency among individual stations to
use simple, impressionistic sets does provide one
means for reducing these needs. Another simple
expedient is to provide curtains which may be
used to divide staging areas into smaller units.
Other methods of increasing the usefulness of
studio space will undoubtedly occur to the
designer, but he may want to let such developments
prove helpful as natural expansion takes place,
rather than counting on them from the first.

Once some estimate has been made of the
number of staging areas which will be requiredy
we can turn our attention to various studio
sizes and see how many such areas each affords.

Stations with about 1000 square feet of studio
floor area find that they can usually squeeze
three pretty good-sized sets into that area--one
at each end of the studio and a third along the
wall opposite the control room, in this fashion:
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If space falls a little under 1000 square
feet, it may be wise to consider the third area
as a spare for tight squeezes only. If space
is too tight; cameras; microphone booms, floor
lights perhaps, and other off-set equipment will
continually be trespassing on the center stage
while working the end areas. For these reasons,
it may prove inadvisable to keep a set in place
for long periods in the tliird space even when a
full 1000 square feet are available.

As we move up from 1000 square feet, the
number of staging areas is increased: Several
stations with studios of 1200-1300 square feet
find that they can accommodate four separate
staging areas. This increases to six or eight
when something like 3000 square feet are
avallable

It is safe to think of asingle staging area
as requiring between 300 and 500 square feet of
spdee~--so long as we are continuing to think
about. average station needs rather than those in
network productien centers.

More flexibilityand operating elbow room is
obtained by having two or more of these staging
areas housed in a single studio. In this way it
is possible to overflow the restricted areas when
some elaborate show requires more space. And
even in run-of-the-mill operations, the camera-
men and other off-set people have more freedom
of position.

When we group a number of staging areas
within the same walls, though, schedule conflicts
begin to arise, and another question is raised:

How Many Studios? Where local programming
schedules are extensive, the advantages of having
more than one studio are obvious. No matter how
many staging areas a single studio may contain,
rehearsing one program while another is being
broadcast from there is not feasible. Even
rehearsing two programs simultaneously becomes
difficule.

Building and equipping two or more studios
of goodly proportions is, of course, one happy
solution to such scheduling problems, provided,
naturally, that the amount and quality of pro-
duction warrants the expenditure. Other than
network-owned stations which also serve as major
chain production centers; however, few stations
have such elaborate facilities.

A somewhat more popular procedure is to
provide a second, very modestly equipped studio
for slmple news programs, interviews; and other

“intimate’’ programs.

Still, stations which have more than one
completely eqd1pped studlo, built especially for
telev151on, are in the mlnorltyu Expensiveness
of equipment and the fact that; with careful
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schedullng, so much can be accomplished in one
unit has led most telecasters to this at-least-
for-the-time-being decision.

Among stations with only one studio, four
devices to alleviate the shortage of facilities
have found fairly wide acceptance:

Installing at strategic spots curtains
which may be lowered to divide the main studio
up into smaller units. With this arrangement;
two rehearsals may be conducted simultaneously,
and, if the curtains are suffieiently sound-
absorbent, one program may be rehearsed while
another 1is actually being broadcast.

Building but not equipping a second studlo.
This additional unequipped unit serves nicely in
some operations as a rehearsal studio. Prelim-
inary plannlng and practice can be dome here,
thus cutting down the amount of time spent in
the camera-equipped studio. In some cases the
rehearsal studio is equipped with lights, making
it posslble to actually broadcast from there by
bringing 4n field equipment.

Preparing an aural studio for television
use. In those operations where TV and AM or FM
are closely associated physically, the installa-
tion of video circuits, additional electrical
wiring to carry the load of lights, and some
system of either m1x1ngcn'add1ng audio circuits,
frequently makes it possible to utilize the
space for video during hours when 1t would
otherwise be idle.

Utilizing a theater or some other existing

auditorium for the origination of special shows.
Mobile equipment is often used for this purpose.
The addition of some special lighting will
probably be necessary, however, and you may find
1t necessary to change camera tubes to obtain
the best effect.
; These last two devices sometimes offer a
handy means of housing programs that require a
studio: audlence, such as audience part1c1pat10n
and variety shows. Theymay also provide a raised
stage; wings, and other features of a legitimate
theatre which are valuable on some features.

Putting television studios in
office buildings where ceiling height is normally
restricted to about nine feet is possible. Pro-
grams are being produced regularly and success-
fully under these conditions. However, it will
be found that those responsible for such opera-
tions are the first to say emphatically that
greater ceiling height is extremely desirable.

With a low ceiling, cameramen must be very
careful to avoid getting overhead lights in
their pictures. Thus the variety of interesting
camera work which can be put into a program is
sharply curtailed. If a crane-type camera dolly
is available, this is particularly true. Under



a nine-foot ceiling, this valuable instrument
cannot be extended to its full height, which
normally permits shots down into a set.

Keeping microphone booms out of the picture
1s especially difficult with a low ceiling, and
has the effect of limiting camera angles still
further. Other disadvantages could be enumerated,
but suffice it to say that we must look higher
to find our “average minimum” reguirement in
this area.

On the opposite extreme, ceiling heights of
50 feet and more are in use. Motion picture
sound stages are often that high, and some of
them are in use for television. Even a few of
the big studios built exclusively for television
have heights approaching this figure. These are
network production centers, though, and stations
will rarely, under present standards and prac-
tices, find themselves dealing with ceiling
heights measuring above the twenties.

Some of the governing factors are these:

Flats and other items of background scenery
are usually about ten feet high.

If cameras are to have full freedom of
movement , they must be able to shoot dowi
into sets.

Lights will require two, three or more feet
of vertical space above the camera and

microphone operating area--exact amount of
space depending upon type of lighting fix-
tures and arrangement used.

Cycloramas and other special scenic effects
can take up additional space.

Spare overhead space will probably enable
you to keep ropes; cables, and many other
bits of paraphernalia off the crowded
studio floor.

Taking all or part of these factors into
account, something like 12 to 14 feet is usually
accepted as the absolute minimum for satisfactory
operation. The really desirable low point
isually falls between 18 and 22 feet. Stations
which have freedom of choice usually select
heights in the latter vicinity but occasionally
go on up to the high twenties.

All of this boils dewn almost always to a
very natural solution: let the studios extend
through two floors. Twice the normal ceiling
height of, say, 9 to 12 feet puts the studio
ceiling in a very comfortable area.

Studio Design. Simplicity is the dominant motif
in all television studio design. The objective
is to provide the maximum amount of open working
area. Organic encumbrances will be numerous
at best, so any semblance of decorative froufrou
is usually avoided assiduously.
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Elaborate and glamourcus acoustical treat«
ment of walls, for instance, is futile. Scemery
-and draperies will nearly always cover the walls
to a point well above head-height, nullifying or
reducing the effect of sound treatment and
covering any attractive design which may have
been achieved. Standard practice is to use rock
wool, held in place by narrow-mesh chicken wire;
as the sound proofing material, and this treat-
ment is most often seen around television
stations. Insome cases rock wool blankets cover
the entire wall and ceiling area; in others,
walls are covered only down to the normal top
level of scenery. Stations in the latter group
say the walls are always covered by flats,
drapes and other scenery anyway. Some stations
use asbestos sheeting around all or part of the
lower wall area, below the scenery level.

A grille of pipes or angle iron is usually
found in the overhead area of the studio, pro-
viding a means of suspending lights and other
paraphernalia. Height and extent of this grille
usually depends upon the type of lighting
arrangement used. Curtains dropping from
travelers in this grille can be used to give
greater flexibility in cutting off sections of
the staging areas. Some of the more elaborate
studios have catwalks around the walls above the
camera zone which give lighting technicians and
other studio workers easier access to the
overhead area.

Concrete seems tobe the most popular material
for studio floors, although heavy linoleum blocks
are sometimes employed Important thing is to
have a substantial floor which will bear up
under constant moving of heavy props, such as
kitchen ranges, refrigerdators, even automobiles,
plus cameras, microphone booms, and the like.
When cement is used; a smooth, waxed surface to
avoid powdering has been found valuable.

Not only must the surface withstand this
wear, but the structural stability must be such
that vibration will not be transmitted to the
cameras. As discussed earlier, m1croph0n1c
effects can cause serious interference in the
picture tube. Heavy cork under concrete has
been used to minimize this pessibility.

In this connection, some stations find that
one-foot square markings etched into the floor
are a boon to productlon people. When plotting
motion, these stations find that the lines are
great time savers for directors, cameramen,
performers, et al. This is a controversial
point, however; because other stations object to
any pattern at all on the floor. They feel that
the floor shows so often in their pictures that
any visible markings become objectionable to
viewers.

Large doors opening into the studio are
highly desirable. The heavy props mentioned
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above are usually bulky. Room enough to drive
automobiles on set is one common eriterion. At
least one station has made~speclf1c provision to
drive its mobile unit into the studio, facilita-
ting use of remote equipment 1ns1de. In some
instance, huge doors on two sides of the studio
are available. Freight elevators are essential,

Tf\Cfurse, when studios are above the ground
evel.

The most common studio shape is rectangular.
KeeplngtheWalls clear of protruding obstructions
is considered desirable. A control room jutting
out into the studio area can reduce appreciably
the usability of floor space, although some
stations prefer a slight protrusion to increase
visibility.

At least at present, then, the layout and
design of a television studio proper presents no
vast and complicated issues. A simple box-like
structure, without fancy adornment, and with
straight, clean lines, appears to be ideal.
Recall to mind the enormous sound stages of
Hollywood and you will see the parallel. Even
in fabulous, lavish Hollywood, these are simple,
dustere structures, designed to provide the
maximum amount of enclosed space, with ample
access to the outside world.

Auxiliary Space. The studio proper represents
only a small part of the space needs created by
studio programming. Storage area, carpenter and
paint shops dressing rooms, and space for other
activities incidental to productlon of local
live programs frequently occupy much more area
than the studio itself.

One rule-of-thumb which has. gained rather
wide acceptance in the industry is thisi floor
area devoted to these auxiliary services shoild
be at least 150% as large as 'the studio.

As would be expected, a number of today’s
stations have a higher proportion than this, and,
on the other hand, some of them work w1th
virtually no auxiliary space.

Stations in the latter category usually
construct and paint many of their sets and props
right in the studio, and store a substantial
amount of scenery and stage property there, too.
The net result is that; in terms of space used,
the proportion is closer to the above rule-of-
thumb than might be first expected.

The need for plenty of storage space, con-
veniently located, is a point which is stressed
und formly by all experienced television operators
who use studios, large or small.

Initial decisiontobe reached when planning
dressing rooms is whether or not individual
cubicles will be provided for stars. Stations
generally are inclined toward the practice of



having anly two main dressing rooms, one for men
and one for women, to be used by all performers.

Whatever the final decisions maybe concerning
exact: amounts of space to be devoted to each of
thése supporting activities, their value will be
increased by placing them as close to the studio
as possible. When costume changes are necessary
during a performance, distant dressing rooms can
be a problem. Proximity of storage space,
especially for items in current use, is of
obvilous importance.

If storage and studios are on different
floors, freight elevators,; or at least some
system of ramps for slight elevations, will be
essential. All connecting doors should be
designed to accommodate the largest props.

Studio Lighting

Universal acceptance of the image orthicon
camera for studio as well as field work has
shifted the emphasis in studio lighting. Creating
a sufficient amount of light is no longer the
serious problem it was when icomoscopes were the
standard studio camera. Present-day practices
and theories revolve around getting the right
kind of light in proper quantltles in the right
places to produce the best artistic effect.

Since iconoscopes are generally used now
only with motion pictures, slides, balopticons,
and other devices which make it p0551b1e to
project intense light intothe camera, the “ike’s”
characteristics need not influence any part of a
television station’s illuminatien plan.

Lighting specialists in the new medium have
found no existing system which applles exdactly
in their field. Movies are made in short “takes”
which seldom last more than twoor three minutes.
Continual rearrangement of lights between takes
igz possible. During a continuous television
performance, few if any changes can be made.

Techniques of the legitimate theater
correspond more closely to demards of video, in
this respect, but again there is a vital differ-
ence: Television’s ever-inquisitive cameras pry
around and shoot from two, three, even four
directions--contrasted with the audience’s
constant position in the theater.

In one important way, though, television's
lighting needs have been moving toward those of
the theater and movies. Stage illuminationm is
designed to react directly on the human eye.
Hollywood’s procedures were devised to reflect
light rays through a lens and record properly on
film. Television lighting must be controlled so
that it will create a pleasing and reasonably
accurate impression when it has been reflected
through a lens and fallen on the face of an
electronic tube. The newest of these image
orthicon camera tubes have color response which

according to the manufacturer compares favorably
with both panchromatic film and the human eye.

Improvements which are being made constantly
in the pickup tubes alleviate many lighting
problems, but contribute to the lackof uniformity
which exists in much available literature on the
subject. The switchover from iconoscopes to
orthicons isa prime example, but the same effect
extends to more recent developments.

Amount of Light. The term foot candle, a
standard unit for measuring amounts of light, is
the amount of light which a single candle throws
on a one-square foot spherical surface at a
uniform distance on one foot.

Demonstrations have shown that certain
1mage orthicon ¢ameras can producea satisfactory
picture with as little as one or two foot
candles of light. It might be easy to assume,
therefore, that normal indoor illumination
levels would be suitable for studio purposes.
Such is not the case.

True, these exceptionally low light levels
will be useful for special effects. And they
are 1ndispensable for on-the=~spot pickups where
there just isn’t any more l1ght But for all
practical purposes, the television lighting man
will be using greater intensities of illumination.

First of all, ‘there is depth of focus. Im
television, as in photography, the less light
there 1s present, the wider the lens opening
must be. Axiomatically, the wider the lens
opening, the shallower the depth of focus.

~ Take an example. A glee club is being
televised. Its members stand several rows deep.
If light levels are extremely low, it may be
impossible to bring all rows into proper focus.
With more light, the lens canbe “stopped down”
moré, thus increasing depth of focus and mak1ng
it possible to get a clear picture of the entire
group. Maintaining focus on moving objects is
much easier with greater depth of tolerance.

The need to develop comtrast and shading
of light is another of the several reasons why
studio lighting levels willbe higher than normal
room illumination. Pictures will be more
interesting 1{ there is back, side, and other
highlighting, in additionto general illumination.

Scientists doing research on orthicon tubes
have found that light levels lower than about
sixty to eighty foot candles are impractical for
normal studio usage. Below that, planned
lighting on the set can be too easily upset by
stray rays spilling over from another staging
area, or coming through an unexpectedly opened
door, or from a variety of unwanted sources.
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Even the latest studio image orthicons are
designed, therefore, to function at optimum
light levels of approximately 100 foot cardles.

Kind of Light. Acceptance of the image orthicon
for studio work has brought with it a correspond-
ing increase in the use of fluorescent light
sources. The relatively small amounts of light
which can be created by fluorescent means were
of little value in meeting the ““ikes’’ enormous
demands, but today’s modest needs have brought
the glow1ng tubes into their own.

Fluerescent light cannot be easily focused,
however, and this disadvantage, among others,
leads to one general pattern wh1ch now exists:

Some comblnatlon of fluorescent and
incandescent light is tlie most w1de1y used type
of illumination among operating stations.

. A few stations still use incandescent
exclusively, and there is strong sentiment in
some quarters for nercury-vapor lamps.

The latter havea long hlstorylntelevlslon,
and have often been a subject of CONtTOVErsy.
Their ability to produce high intensity light
made them valuable for use with iconoscopes. In
some instances, their use has been discontinued
with the installation of orthicon camera chains.

At the same time; however, one of the fore-
most Hollywood lighting firms has recently made
a series of tests, conducted in conjunction with
an operating station, in which it concluded that
cadmium-mercury lamps are highly desirable for
television.

When incandescent and fluorescent light
sources are used in comb1nat10n, the most commion
nethod of mixing is to use fluorescent for
general lllumlnatlon, or “key” lighting, and
incandescent for highlights. The glowing tubes
provide a softer, more diffused light, with
fewer harsh shadows--ideal for overall illumina-
tion. Incandescent is sharper, more dramatic
and manageable, qualities which make it preferable
for highlighting.

Blending key and hlghllghtlng is anartistic
matter, and no precise formula for mixing the two
has universal acceptance. The designers of the
newest orthicen tubes speak, however, in terms
of fifty or more foot candles of key lighting,
with enough additional special light to bring
the level up to approximately 100 foot candles.

If the studio light is unbalanced, the
black-and-white picture produced by the camera
will not be a faithful reproduction of the origi-
nal. Some colors will be darker, others lighter
than expected, depending upon the color deficiency
of the particular light source.

Used alone, incandescent lamps furnish
light that is heavily weighted in favor of
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the red end of the color spectrum and almost
totally lacking on the opposite (blue) extreme.
Fluorescent light is better balanced, but blues
do predominate somewhat in some types, a fact
which favors its combination with red-rich
incandescent,

Some other advantages of fluorescent lights
are these:

Less heat is produced; reducing the air
conditioning load.

Fewer infra-redrays are radiated, increasing
per former comfort. (Infra-red rays release their
heat only when they strike a solid object, such
as a performer. Therefore, no amount of air
conditioning can remove this type discomfort.
Heat filters do help.)

Higher efficiency produces more light per
unit of electricity. This can permit econoiy in
operation, even though initial cost is higher.

Sclentlsbs worklng on the project feel at
the time of this writing that fluorescent tubes
of 3500 degrees kelvin white or; perhaps, 4500
degrees kelvin white will prove to be the best
gource of general illumination for the latest
orthicon camera tubes.

Incandescent lamps in use run the gamut
from small *birdseye” bulbs, with self-contained
reflectors, to enormous floods and focusing
spotlights.

Placement of Lights. The big issue lere is
whether all lights will be overhead or whether
there will be additional fixtures on the studio-
floor.

Mounting all lights on the ceiling offers
some operational advantages which are easily
apparent. Studio floors have a tendency to be-
come ¢luttered even under the best circumstances.
Cameras can have more freedom of movement if
they are not crowded by floor lights.

Some stations with extensive production
experience find that they can operate very
satisfactorily with nothing but ceiling lights.
Orne system which was deslgned/w1th this point in
mind is known as the “inverted pyramid” system.

On the other hand; a number of stations
report that they have found floor lights absolutely
essential to obtain the kind of artistic effect
they must have. One of the motion picture
lighting companies has concluded that ceiling-
mounted lights alone will not suffice in
television.

This is but one example of the highly
divergent opinions which pervade this phase of
television. Fortunately, floor lights are a
plug-in proposition. They can be used, or not,



as the situation indicates, provided that power
outlets are installed and the current they draw

Broadcasters entering television may find
studio lighting the most foreign subject with
which they must cope in the visual field. Those
who have had experlajce caution against under-
estimating its importance. Even with hundreds
of thousands of dollars worth of electronic
equipment, no better image can be transmitted
than the one which is focused on the face of the
camera tube. Lighting detérmines to a very
large degree whether that picture will be sharp;
clear, and pleasing.

Even;among experienced telecasters; hovever,
there is no far-reaching agreement on the
principles of television lighting. At the point
where light is focused through the camera lens
and onto the photosensitive surface of the cathode
ray tube, electronlcs meets and joins forces
withart and its varietyof individual preferences.

* * * *

Conclusion

After decisions have been reached concern-
ing the type of transmitting and programming
facilities to be used, overall space needs for a
television station can begin to take shape. Now
that the individual components of a television
plant have been examined, perhaps we can back
away and get a long shot of the entire scene.

Outside the programming and transmitting
plants, the principal space requirement is for
offices. Here, of course, we move into an area
where- needs are determlned by factors not
peculiar to television. The amount of ‘space to
be devoted to personnel offices, and its arrange-
ment, is something which is determlned to a
greater degree by the station’s philosophy of
operation than any other factor.

The same is true of space to be devoted to
lobbies, reception rooms, lounges, and other
special features which may be included in a
broadcasting plant: In all these respects, the
needs are no different from those with which
aural broadcasters are already intimately
acquainted.

Some overall guidance in ‘this area may
possibly be obtained however, from ancther rule-
of -thumb which has been kept in mind during the
building of several existing stations: Total
space needs frequently run to about five or 51x
times the amount of studio floor area used.

On this basis, a television station with a
1500 square foot studio would need a total area
of approximately 9000 square feet. If we follow
the rule~of-thumb stated above for determining
auxiliary studio space needs, some 3750 square
feet of this total would be required for the
studio and its associated sterage area, dressing
rooms, carpenter shops, etec.

Any such formula must be used with extreme
caution; of course. Stations utilizing network,
film and remote program sources extensively, and
using only a tiny studio for intimate programs,
such as interviews, news shows, and the like;
would obviously find sucha proportion completely
out of the question. In some cases it would not
work at all--for stations without any studios,
for exanple.

But most stations do have studios of sub-
stantial size, and it is quite true that live
talent studios are the dominating influence in
the building of a television plant.

This brings us back to the major theme.
intelligent planning of a television station’s
physical outlay depends largely upon the possi-
bility of visualizing to the clearest p0551b1e
degree that station’s fiuture programming
structure.

5-5-27






INTERCONNECTING FACILITIES FOR BROADCASTING

(Revised and Amended as of August 1949)

(The material in this Section was prepured by the American Telephone and Telegraph Company
and was defiued‘ in part from the results of cooperative activities with the Columbdia
Broadcasting System, the Mutual Broadcasting System and the National Broadcasting Company.)

TABLE OF CONTENTS

Part Subject
1 Geiieral
2 Common Terminology
3 Services Available to
Broadcasters
4 A Program Loop Transmission
Audio Channels
B Program Loop Transmission
Video Channels
5 The Standard Volume Indicator
6 Network Operation

Audio Channels

PART | -~ GENERAL

With a few exceptlons the lnterconnecting
circuits used 1n audio and television broadcast-
ing — between plckup points and studlos, between
studios in different citles and between studlos
and thelr assoclated transmitters-—are furnished
by the facilitles of thetelephone companies. The
transmission of broadcast program material over
these clrcults and networks regulres a certalin
amount of transmission supervisory activity In
which the broadcasters and the telephone company
are mutually involved.

The common problem of the télephone company
and the broadcasters in this connection i1s the
transmission of audlo or televislon programs from
the polnt of originatlion to one or more trans-
mitting statlons throughout the country. The
ultimate objective 1s the transmission and
reception of these programs without notlceable
loss of fidelity compared with the origilnal
productions Obviously, there are a great many
factors both physical and economic which stand
in the way of full attalmnment of this objective.
The development of new equipment, the adoption
of rew methods, and the increased knowledge of
1ine transmlssion phenomena, however, all con-
tribute toward the better control or elimlnation
of the factors and permit & closer approach to
the ideal.

In this Section of the Engineering Handbook
will be a descriptlon of the varidus types of
services offered by the teléphone companles &as
well as a dlscussion of primciples and practices

which will assist the broadcaster In obtalning
Optimum results wilth these services. A state~
ment of rates and charges fOr tlese services
1s beyond the scopé of this Section and for
information on these matters reference should
be made to the 1loecal telephone company.

It 18 planned that additlonal parts will
be 1lssued In tlils Section to cover new aspécts
0f broadcasting as practices become sufficlently
well stabllized to warrant formal treatnent.

PART 2 = COMMON TERMIKROLOGY

In order to facilitate a proper under-
standlhg between the representatives of the
broadcasters and the representatives of the
telephone company who deal with the techinlecal
problems of Interconnecting facllitles the
followlng termlnology has been established.

BROADCASTING TERMS
1. Studio

In general a studio conslsts of an en-
c¢losed space speclally arranged and per~
manently equipped for use of performing
groups with thelr attending studlo tech-
niclans, englneers; Or program ¢ontrol
operators who regulate or control level
transmitted from this polint for each
specific program. Studlos may be on the
game premlses with master control or at
other fixed locatlions.

2. Master Contwrol

This 1s the central point of a broadcasting
plant at which supervision 1s exercilsed by
the broadcaster over program transmission.
It 1s also the main point with which the
telephone company chécks volume or video
slgnal level.

3. Pransmitter

Unless otherwlse qualified thls refers to
the auidio or television broadcasting trans~
mitter complete with power, audio, wvideo
and radio equipment and radlating system.
In afew cases where this point 1s connected
by audio or video channels directly with &
test room, the telephone company checks
volume orvideo signdl level with thispoint.
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Pacific Telephone and Telegraph Company
Cincinnatl and Suburban Bell Telephone
The combinmation of 1, 2, and (where on same Company

premises) % above. Bell Telephone Company of Canada

Y. Broadcasting Plant

5. Figld Pickup ~ Remote Origination 3. Long Lines
These terms:indicate a4 polnt of program
orlgin outside of the regular studlo loca-
tion, at which the same functlons are
performed as ata studlio, but where portable
plckup equipment 1s used. The telephone
company checks volume, or video signal level,
with thls polnt when program 1s transmitted
from 1t direétly toa telephone toll offlce.

Thils term refers speclifically to the Long
Linés Department of the American Telephone
and Telegraph Company. The functilon of the
Long Lines Department 1s to conduct that
part of the vdrious services including
program transmlssion which, in general,
interconnect the territorles of the dilf-
ferent Assoclated Bell System Companies.

TELEPHONE COMPANY TERMS

1. Telepkone Company 4. Test Room = Toll Office

In .this Sectlon thils term refers to 4
Bell System Telephone Company, elther an
Assoclated Company or the Long Lines.
Where other than Bell System Telephone
Companies are Involved, there may be in-
stances where practices differing from
those dlsciissed in thils Sectlion wlll pre-=
vail, and In such cases, 1t 1s desirable
to reach a mutual understanding regarding
local practices.

2. 4ssociated Company

This term refers specifically to an Assocl=
ated Bell Systen Company whose functlon is
to conduct that part of the various serv-
lces, Inc¢luding program transmlssion whlich,
in gerneral, do not extend outside the
1imits of 1ts partlecular service area. The
Assoclated Companies are =

New England Telephoiie and Telegraph Com=
pany -

Southern New England Telephone Company

New York Telephone Company

Bell Telephone Company o0f Pemnsylvania

Diamond State Telephone Company

New Jersey Bell Telephone Company

Chesapeake and Potomac Telephone Company

Chesapeake angd Potomac Telephone Company
0of Baltlmore City

Chesapeake and Potomac Telephone Company
of Virginia

CHesapeake and 'Potomac¢ Teléphone Company
of West Virginia

Southern Bell Telephone and Telegraph
Ccompany

Ohlioc Bell Telephone Company

» Michlgan Bell Teleplione Company

Indlana Bell Telephone Company

Wisconsin Telephone Company

I1linois Bell Telephone Company

Northwestern Bell Telephone Company

Southwestern Bell Telephone Company

Mountaln States Telephone and Telegraph
Company
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As referred to in program transmission
service actlvities, these terms usually
refer to a long distance telephone office
where the loops from the local broadcasting
plants connect with the sound or television
program network c¢lreults. This isthe-office
with which the broadcasters' operating per—
sonnel commiunicate 1in reference to routine
program transmission matters. Inmost cases
this offlee 1s in the same clty with the
broadcasting plant but ina few cases 1t may

be 1i anearbyclty onamaln telephore Toute.

5. Loop

In thls Sectilon thls termw may Tefer to
elther of the following:

a. Local loops; i.e.; the audlo or video
channels connecting a field pickup
point with the broadcasting plant, or
Interconnecting various units o0f the
broadcasting plant within & local
service area.

The eircults between the maln studio
and 1ts associated broadcast trans=
mitter are commonly referred to as
tstudio-transmittert ciréuits.

b.  Network loops, l.e., those connecting a
broadcasting plant or a fleld pickup
with the telephone company test room
at which point connection 1s made with
an Intercity program circult.

G« "hine™ and "Drop® Terminals

These terms refer to those termlnals of
equlpment faclng toward and away from the
llne, respectively. TFor example, the
nline® side of a ¢oil on a loop 1s that
facing the loop, and the "dropv side 1s
that facing the other ovffice equipment.



PART 3 - AUDIO AND VIDEO TRANSMISSION
CHANNELS AVAILABLE TO BROADCASTERS

The following types of dudio and video
transmisslion chiannels are generally offered by
Bell System Companies, subjJect to the availability
of facilities.

Audio

Interexchange Channels, providing for the
use of program transmission facilitles for the
transmission of program material, dre furnished
under the schedule tlassificatlons shown belows:

Studio~to~Transmitter Channels are not pro-
vided under thé abovée schedules. The requlre~
ments of such facilities vary wldely as between
cases and the channels are provided on a basls
to meet the particular requirements of each cases

Losal Ghannels are furnished undér the
Schedule F classiflcation which provides for
progran transmission facillitles within 4 program
exchange area between statlons, or between
stations and the point of ¢onnec¢tlion with Inter-
exchange channels.

Tideo

Interexchange Channels are furnished wlth a
frequency range of approximately 3 megacycles
for monthly use and for occaslonal use.

Local Channels are furnished with a fre=
quency range of dpproximately 4 megacycles for
morithly use and for occasional use.

Studio-to-Transmitter Channels are furnished
with a frequency range of approximately 4 mega-
cycles for monthly use.

Note: Specific servlige offerings are set forth
in tariffs of the Bell System Companies.

To further this mutuil understanding the
practices and procedures described in this Part
are presented as the results 0f experlence
which has resulted 1n generally satlsfactory
service, -

PART YA - PROGRAM LOOP TRANSMISSION
AUDIO CHANKELS

The common meéting ground of the telephone .
companiss and the broadcasters is on each tele-
phone loop Intercomnectling them:and i1t ishere that
the principal need for uniformity of thought and
practice exists., With the benefits of a uniform
type of volume level irdlcator (See Part & -
The Standard Volume Indicator) and with proper

mitual understanding, possibllity of confusion

at this polnt should be mifiimized.

EQUI PHENT ARRANGEMENTS ON NON=LOADED EQUALIZED
LOOPS :

Transmission over a circult such as 4
non-loaded program loop, Is usually equaliged
over a deslired bard of frequencles by applica-
tion of measures whilch Introdice certaln amounts
0f loss at low frequencles and progressively
decreasing amounts toward the higher frequencles
to counteract the opposite characterlstic of
the bare circult by itself. Two general methods
are widely used to accompllsh thiss One 1s to
bridge across the clrcult g speclal attenuation
equallzer which produces a greater loss at low
frequencies than at hilgh, thils difference being
adjustable as required for differernt loops. The
other i1s to apply repeating colls of 4:1 Imped-
ance ratlo a4t the two ends of the loop clrecult.
These Introduce mismatch losses at the low fre-
guencles and will equdlize short lengths of
cable, depending on the gauge of conductors and
frequency bandwidth desired. For exanmple, the
second method may be used to provide transmission
unifrorm to within about 1 db from 35 to 8,000
cycles for the cable lengths and gauges listed
in Table 1. Beyond these lengths the speclal
equallzer has tobe added or used by Itselt with-
out the assistance of 4:1 impedance ratlo colls.
For those cirecults lnvolving the transmission of
frequencles from about 30 cycles to 15,000
¢ycles, the 4:1 Impedance ratlio colls together
with a speclal equalizer are generally used 1n
providing a clrcult whose transmission freguency
responsée 1s uniform within about 1 db of the
response at 1,000 cycles.

Schedule Use

AAA Contlnuous
BBR O¢easional
AA Cont Inuous
BB Oécaslonal
A Cont Inuous
B Oceasional
C Cont Inuous
D Occasional
E Occasional

Approximate Frequency Range

50 to 15,000 cycles per second
B} f n n n i}
50 to 8,000 M
" on f L}
100 to 5,000 n
" L] n o
200 to 3,500 "
fi
i

E | n n

300 to

= T =T = I T

25500
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TABLE 1

Lengths of Hon-Loaded Cable Which
Can Be Equsl lzed By lUse OF
B:1 Cofls Alone

Gauge Length (M1 as)
18 5

18 2.3

22 15

With loops comblning varlous gatiges of con-
ductors other lengths would, of course, apply.

When equalized loopg are furnished by the
telephone company and 1o speclal requirements
are Imposed as to the arrangements to be em~
ployed, equaligers and 4:1 lmpedance ratio colls
are 1llkely to be used 18 comblnation. By Dproper
adjustment of the equallzer; 1t 1s also possible
to seclire ¢Omparable transmission characteris—
tics with 1: 1 Impedance ratlo colls, except in
the cages of loops 0f 1rregular makeup and of
lengths approaching the limits which ¢an be
gqualized In one section. Other'consideratlions,
irivolved in the use of volume indicators on
loops, may control as t¢ whieh method 1s pre-
ferable. Where the arrangement shown in Fig. 7
0f Part 5 1s used 1t 1g important to reduce
deviatlons 1n volume indicator readings to a
minimum and 1t 1s 4150 desiradle to keep the
size of the pad between the volume indicator
and the loop as small as possible. In this
case, therefore, a 4:1 lmpedance ratlo trans-—
mitting coils should be avolded.

If the deviations caused 1n the volume
indicator readings are to be compensated, or if
the volume Indlecator can be adequately 1solated,
the equilizing effect of the 4:1 Impedance Tatio
transmitting ¢oll may be comblned wlth that of
the equallzer 1f desired.

The use of a coll at the recelving end of a
loop 1s usually desirable for minimizing danger
0f nolse or other unbalance effects, Whether
this ¢oll should be of 1:1 or 4:1 Impedance
ratio will depend largely lipon the results
obtalnable with the equalizer used. Certain
equallzers are deslgned to operate with 4: 1
Impedance ratio colls between them and 600=-ohm
recelving terminal circults; that 1s, facing
150 ohms. Others are deslgned to face 600 ohms
directly, requiring 1;1 Impedance ratio colls.

In order to minimize the possibility of
experlencing noise or crosstalk disturbance on
Program loops, the attentiation equallzer, when
Used, should be Installed at the recelving end
of the loops

In a case where a loop may be used for
elther transmitting or receiving, duplicate coil
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and equalizing equipment should be available &t
both terminals of the loop. When the direction
of transmission 1s to be clianged; the equalizer
at the normal recelving terminal should be dis-
confiected and another equallzer connected at the
termlnal which i1s t6 be made recelving. If
different coll arrangements are used at the two
téerminals, simllar changes should be made in
this equipment. The equlpment arrangements at
both terminals should provide means for making
these changes readily.

In Flg. 1 are shown arrangements of 100D
gquipment to sult various conditions., Dis-
ctussion of the important differences between
these follows:

Fig. 1-4 - For Use With 600-Ohm Iransmitting
Bquipment

This arrangement minimlzes deviations In
volume Indlcator readings, where the volume
indicator 1s used directly om the output of an
amplifier, transmitting through a pad t6 a loop.
It affords the flexibllity of a specilal equal=
lzer In providing for elther short or long
loops, and 1t provides a coil at the recelving
end for minimizing noise. This coll is of 4:1
Impedance ratlo, which assumes an equaliger
deslgned to face a 150-ohm impedance.

Figs 1-B = For [sé¢ With 600-0hm Transmitting
Fquipment

This arrangement which minimizes volume
Indilcator devidations to the same degree as
Fig. 11-A differs only in using a 1:1 Impedance
ratio coll at the receiving end, which assumes
an e€quallzer deslgned to face 600 ohmis.

In elther Flg, 1~A or Flg. 1-B & 1:1
Impeédancé ratio coll may be provided
at the transmitting end, 1f requlred,
for protectlon or for c¢orrection of
unbalance difficulties, without appre-
clable alterirg the results obtainable.
Thls ¢61l, 1f provided, should be in=
cluded with the loop when 1t 1s belng
equalized.

Fig. 1-C = For Use With 800~0hm Iransmitiing
Equipment

Yote:

The use of & 431 impedance ratio coll at
the transmitting end in thils case assumes that
the higher Impedance presented t0 the trans—
mitting ¢ircult by the loop 1s not objectionable
and that the equalizing effect 6f this-coil
may; therefore, be utilized., It also assumes a
condltion where better results are obtalned by
having the equallizer fdce a 150-ohm Impedance
at the recelving end.

Thls arrangement 1z ususlly applled when
€qualized loops of considerable length are fur-
nished by the telephone company and when no
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speclal requirements are specified by the broad-
caster. If 1t 1s deslred to avold the 4:;1 im-
pedance ratio coll at the transmitting end thls
should be so specifled In the order placed with
the telephoné company. A suggested wording of
orders for thils arrangement 1s as follows:

iinstall loop equalized for use with 800-
ohm transmitting equlpment without four to
one Impedance ratlo coll 4t transmlitting
polnt.n

Fig, 1=D = For Use With 800-0hkm Transnitting
Bquipment

This arrangement differs fram Fig. 1-C only
1n assuming an eguallzer which affords the bést
results facing a 600=-ohm termination.

Fig. 1-E = For Use With B00-0hm Transmitiing
Bquipment

Coils of 4:1 Impedance ratlo, Used alone
are quite gerierally used by the Telephone Com~
pany for equallzing very short loops where there
are no other controlling factors, (see dls~
gussion and Table 1 on page 1)« The Impedance
presented by the loop from the transmitting
point; as 1n other cases utilizing a 4:1 im-
pedarice Tatlo transmitting coll, 1s Incressed,
afid thils fact must be taken into consideration
In the use of volume indicators on such 100pS.

Fig. 1=F = For §se With 150-0hkm Transmitting
Fqui prient

The Telephone Company will normally equal=~
1ze a loop for use with B00=-ohm transmitting
apparatus. Where 1t 1s planned to use 150-ohm
transmitting apparatus and 1t 1s deslired to
have the loop arranged for this, therefore,
the order placed with the Telephone Company
should so speclifys A suggested wording of
orders for this arrangement 1s as follows:

tInstall loop egquallzed for use with 150~
ohm transmitting equipment.t

The arrangement at the transmitting point for
thls conditlon 1§ shown Including a 11 im-
pedance ratlo transmitting coll with the halves
of both the primary and the secondary windings
c¢onnected in parallels This affords the pref-
erable arrangement of thls coll from the stand-
polnt of 1ts Internal reslstance and equaliza-=
tion should be ddjusted with the coll connected
In this manner; 1f 1t Is left on theé circult.

PROVISION FOR 150-0HM RECEIVING EQUIPMENT
The arrangements shown 'li Flg. 1 assume
use of B00=ohm recelviiig equipment for service.

It 150~ohm recelving equipment 1s used, the
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" or other points.

- the levels of the testing frequencies.

drop windings of the recelving colls shonld be
connec¢ted 1n parallel, Instead of 1n series as
shown,
Note: 1f a 800-ohm transmission measuring set
1s used at the recelving end during
equallzation, the recelving c¢oll ¢on-
nectlons should be &8 in Flg. 1 during
equalization, but thelr drop winding
should be paralleled when the 150-ohm
service equipment is connected.
The proper methods of wiring Western Eléc—
tric Company 111~C and 118=C colls for variocus
conditlions are shown 1in Table 8.

LOOP EQUALI ZATION

The operatlon of equallzing a non-loaded
loop consists 0f modltylng 1ts electriecal char~
acteristics until 1ts Iinserticn loss; that 1s,
the loss 1t cduses when connected between the
transmitting and recelving cirecult 1mpedances
with which 1t 1s to be used; is essentlally
the same 4t all frequencies within the band to
be transmitted. 1Insertion loss 1ncludes not
only the attenuatlon loss of the conductors,
colls, etec.; but also such reflectlion and lrnter—
dotlon losses as may be present .due to june-
tlons of dlssimilar impedances at the terminals
It 1s Important, therefore,
that testlng methods employed in equalizatioxn
work properly take into conslderation the
effects of Impedance junctilons between the
testing equipment and the loop circult.

Where equalization tests can be conducted
through the dctudal amplifier and output pad
which will be used 1n service, thls 1s ad-
vantageous as far as reflection loss considera-
tiong are concerneds Use of an amplifier in
this way for equalization, however; carries with
1t a complication 1n the matter of adjusting
This
can be appreclated from contemplation of the
fact that the output circult of an amplifier
ls essentlally a voltage in seriles with an im~
pedancés With a properly equallzed circult
connected directly tu 4 transmitting smplifier
of the Impedance for which equalizab ion was
provided, malntenance of the voltage (E) con~
stant over a range 0f frequencles should result
in reception of uniform levels at these fre=~
quencies by receiving equipment of the proper
Impeddnce at the far end of the lo0p.

Since the transmitting voltage (E) has to
reach the loop terminals through the output
Impedance of the amplifier, and since the Im-
pedance of a non-loaded loop 15 higher at low
frequencles tharn at high frequencles, the volt-
ages medsurable across the teérminals of the
loop under these conditions will not be uniform,
but will be higher dat the low frequencles than
at hlgh frequencles. Obviously, theretfore,



TABLE 2

Terminal Connections and Impedance Data For
Western Electric Company Noe 111-C and No. 119-C Coils

111-¢ 119-0
Hominal Nominal
I mpedance Impadances Impedance I'mpedances
Rat lo in Ohms Ratlo In Ohms
Drop Line Orop Line Drop Lline Drop Line
a1 800z 800 "1.15: 1 B600%: 600%
LINE
SIDE
A
LINE
‘SIDE § .
11 150: 150 1.15: 1 150%; 150%
N B v
C 41 6002 150 A6l 600%: 150%

The No. 119=C coll was designed to make 4 800=ohm termination look as nearly

as practicable ilke 600-ohms when seen through the coll from lts Line sidey
instead of slightly higher due to the resistance of the coll, as 1s the case

with & ¢oll of exactly 1:1 impedance ratio.

For most purposes, However, the

No. 119-C coll may be used wherever the No. 111-C would serve.

adjustment Of testirg levels applled to the
loop for equallization by maintaining a constant
voltage across the output terminals or the
transmitting amplifler, as Indlcated by a volt-
meter or volume Indicator at that poilnt, would

not be the equivalent of maintaining the voltage

{E) constant and would result 1n an improperly
equalized circult; that 1s, ome in which, under
service c¢onditions, 1low frequéencles would be
transmitted at higher levels than high fre-
quencies. To avold this, sufficient trans-
mitting pad loss should be ilntroduced between
the amplifier and the loop, to make the yoltage
at the amplifler terminals practically inde-
pendent of the loop Ilmpedance. Under this
condition,  substitution of a 800~ohm resistance
for the 1oop at either the high or low ex-
tremitles of the frequency range should leave

the volume Indicator reading virtually un-
changed, This will usually requlire a total
loss of 12 or 15 db.

Use, 1h the manner discussed, of the volime
indicator built into many types of fleld ampll-
fier would be subject to the objection mentioned
if the output circult contaling only a small pad
of ordlnary type.

It should be borne In mind 1n thils connec-
t1ion that the use of smazller amounts of pad
loss durlng service conditions than during
equalization does not involve the transmission
frequency performance of the c¢lrcult but only
the deviatilon of the volume Indicator readlngs
from the true values; l.e.; what tliey would beé
with & pure 600~-ohm reslstance load.
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FlG. 2

If a cenvenlent means wefe avallable for
measuring the voltage (E) In an amplifier di-
rectly Instead of through the output impedance,
thls would be useful for equaligatlon purposes.
A testing clrcult which 1s the equlvalent of
such an arrangement, and others which produce
the same results, are discussed in the following
paragraphs, for use under fleld or plant con-—
dltlons.

A generator which meets the foregolng
requirements can be provided gulite simply as
shown in Fig. 2. The osclllator should be a
variable frequency oscillator of low harmonlc
content and shcould have an adjustable ocutput
which will remain constant at any frequency.
constant output at diffeérent frequencies 1s
not necessary, however. The mMeter may be &
volume Indicator or an a-c¢ voltmeter which-has
a flat frequency characteristic pver the deslred
band, or 1s one whose deviatlons with freguency
have been determined, so that proper correctlon
at each frequency can be made.

The oscillator 1s adjusted to malntaln the
same reading of the voltmeter for any testing
Trequency durlng equallzation of a gilven clrculf.
This provides the required constant voltage (E).
The two 300-ohm series resistances provide the
requlred 800-0hm lmpedarice whlch remains con-
stant for any frequency or any load. (If equal-
1gatton is required for use with 150-ohm trans-
mitting egulpment the serles resistances should
be 75 ohms in each side)., The equalizer 1s
adJusted untll the same level (Into a 800-~ohm
load) 1s obtalned from the recelving amplifier
at all frequencles.

Caution: In this connhectlidn 1t must Be
borne in mind that an ordlnary 800-ohm pad
should not be substituted for the serles
reglstances In this clreult as erroneous
measurements would result. Malntenance of
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the voltage (E) constant produces effectlve-
1y a zéro impedance across the terminal§ of
the voltmeter., A pad substituted for the
gerles reslstances would, therefore, behave
ettectively as 1f its Input terminals were
shorted Instead of termlnated by €00 olms as
would be necessary to make 1t present a
600~ohm 1mpedance to the loop. A 800=0hm
pad may, however, be used between the serles
resistances and the 1cop as 1t will then be
properly terminated.

The arrangement shown 1n Flg. 3 makes use
of a 600-omm oscillator which may be equlpped
with a pad 1f netessdary for securing uniformity
of its output impedance over the testing range
of frequencles. The oscillator and pad are
first connected t0 the measuring set and-the
osclillator adjusted untll an appropriate test-
ing level, such as 1 milliwatt, 1s indicated
by the measuring sety at the Iirst testing
frequency. Without making any change 1n the
osclllator the loop 1s then connected In place
of the measuring set, the level at the re-
celving end of the loop 18 noted and recorded.
For each measurement at other testing fre-
quencles, the oscilllator 1s adjusted to show
the same value on the measuring set at the
transmitting end; that 1s, 1 milliwatt, before
transferring the connection of the osclllator
and pad to the loop clrcult: The adjustment
df the equalizer 1s altered until unlform
levels are received at all frequencles.

Fig. 4 illustrates the use o0f a fleld
plckup amplifier having & bullt-ih volume Indi=
cator. Testing power in this case may be trans—
mitted over a spare loop from an osclllator in
the broadcasting plant since the portable amp-
lifier atfords 4 convenlent means of adjusting
testing levels: A portable oscillator mays
however, be used at the fleld testing point,
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A correct procedure 1ln thls case, where
the test amplifier 1s of 800 Ohms output im~
pedance and where 600-ohm transmitting equip-
ment 1s to be used in service 1s as follows at
each testing frequency: a. Connect 600 ohms
reslstance (R) to the output terminals of the
amplifier; Db. Adjust the output to the desired
testing level as shown by the volume indlcator;
¢« Substitute the loop (with coll, 1f used) for
resistance (R) without changling the output;
d. Record level Into 600 ohms a4t receiving
point. Adjust equalization untll levels under
{d) are uniform,

An alternative method 1s to add 600 ohm
pads between the amplifier and the 1oop to
provide a total loss of 12 pr 15 db. The amp-
1lifier output 1s then adjusted; with the loop
and coll connectéd, to obtaln unlform readings
on the volume Indlcator at each frequency.

Pguelizing For Use With Other Than 800 ~0hn
Iransmitting Equipment

Where the test transmitting equipment used
in Flgs. 3 and 4 1s of different impedance than
the transmitting equipment t6 be Used in serv-
ice, 4 ¢oll of proper impedance ratlo should be
so conhected t6 the loop terminals during e-—
qualizastlion as to compensate for this difference
in impedance or incorrect equalization will
result, If, for example, 600—ohm testing equip-
ment 1s used, as shown in Flgs., 3 and 4 and the
service equipment ls to be of 150 ohms output
impedance, a 4:1 Impedance ratio coll should be
used with its low impedance side connected toO
the loop., The loop and coll are then substi-
tuted for the 600-ohm measuring set in Flg. 3 or
for the 800~chm resistance (R) 1n Fig. 4. After
equallization the coll should be reconnected for
1: 1 lmpedance ratio as shown ln Fig., B, Table
2, 1T 1t 1s to be left on the circult.

» VARIABLE
SPaRS FREQUENCY
. OSCILLATOR
P —
¥ : ‘ FIELD
: O AMPLIFIER : = o
R OF ADJUSTABLE LOOP TO RECEIVING
% GAIN WITH BEING EQUIPMENT
; ME EQUALIZED AS IN FIG. 12
; INDICATOR  fopattttiZs i ~
; £ AND LINE PAD
PORTABLE
F‘étgg‘gkgy FIELD RS BROADCASTING PLANT
OSCILLATOR POINT

Filg. b
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and studlo, or studic and network consist of
elther polnt-to~point radlo or non-loaded cable
conductors. In the latter cdse, the cable pairs
are elther simllar to those mormally used for
telephone subscriber service, or, more frequently,
speclal 16-gauge polyethylene string-insulated
vldeo pairs included In the exchange cable com-
plement. Because of the high cable loss In the
upper video frequenciles, amplifilers and equal-
lizers are reguired every few miles. The sound
portion of the television program 1s carrled by

séparate audio facilities similar to the regulsar

program loops discussed in Part 44.

The qiestlon of input and output levels in
video loops 1s currently being reviewed. Under
present operating practlce, however, video
¢hanriels dare generally designed to provide O db
loss for a 2-volt £ 25% signal.® The repeating
colls used in the establishment of locdl video
channels introduce low frequency distortion in
the video signal. This distortion may be re-
moved by means of &4 device known as a clamper,
placed at the output of the video channel, which
restores the essential low frequéncy components.
The signal 1§ delivered by the broadcaster with-
out pre-emphasis from a 75-ohm unbalanced line
or from a 110-ohm bdlanced ¢ircuit. The 110-olm
balanced input 1s suitable for connection di-
rectly to the nominal 110-ohm balanceéd cable
conductors while the 75—~ohm unbalanced input
must be converted to a balanced 110-ohm Imped-
ance by means of a repeating coll to prevent re-
tlections and to minlmize the effect of any lon-
gltudinal noise voltages which may be present.

EQUALIZATION OF VIDEO CABLE LOOP

A8 noted in reference to audlo frequency
faciiitles, equallzing a loop consists of modifying
the electrical characteristics until the Inser—
tion loss (the additional less caused when it 1s
Inserted between normal transmltting and recelving
circult impedances) is essentially the same at
all frequencies 1in the transmitted band. This
Insertlon loss Includes not only the attenuation
loss of the conductors, colls, ete., but also
the reflection and interaction losses which may
‘be present due to Junétions of dissimilar impedance
at tlie terminals ‘or other points.

With the present video transmission systems
for cable facilities, the equallzer equipment
1s assoclated with the ampliflers. These may
consist of amplifier input or output networks in
conjunction with other basic equallzers losated
between sectionsof the amplifier, or may include
flxed equalizers not associated with input or
output networks and located within the ampli-

*Peak-to-peak measurement.
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fiers. Inaddition, a variable equalizer 1s also
provided whilch permits 1ndependent adjustment
in relatively small steps of the "slope® fbulge®
characteristies. In some cases, mop-ip Or
specidl equalizers may also be 1ncluded. Flat
galn adJustments can, of course, also be made at
the amplifier polnts. Phase equallzation within
the transmitted band is automatlcally Introduced
by the attenuation equalizers. Residual phase
dlstortion near the upper frequency limit 1is re~
duced by means of phase equallzers inserted at
amplifler points.

The method of measuring the insertion loss
of the video circult 1s essentially the same as
that discussed in Part 4A in reference to equal-
lzation of audlo loops, wlth the exception, or
course, that different line Impedances are in-
volved., To produce the eduivalent of a one
volt peak-to-peak testing level, ‘@ signal gen-
erator 1s required having an output Impedance
egual to the nominal line impedance and deliv-
erlng a one volt peak-to peak signal when ter-—
minated in this nominal impedance. Under these
clrcumstances the actual voltage across the line
terminals will vary with frequency depending on
changes in line Impedance; and will be one volt
peak-to~peak only when the 1ine Impedance is
equal to the nomlnal value. If & slgnal gener-
ator such as dillustrated in Filgure 2 of Part 44
1s used, the constant driving voltage should be
adjusted to two vOolts peak—to-peak since when
impedances are matched, one-half the driving
voltage will be developed across the Internal
Impedance of the generator and thée other across
the line terminals.

EQUAL1ZATION OF RADIO CIRCUITS

Equalization of loops consisting of point—
to-point radio chamnels is not usually required
in the fleld since the terminal apparatus is de-
slgned to extlblt a flat attenuation-frequency
characteristlc and 1s capable of dellvering a 2-
VOlt peak-to-peak signal with 0 db loss.

TESTING FREQUENCIES

Preliminary adjustment of the slope and
bulge equalizers is made at 10 ke, 1l-megacycle
and 3.8=megacycles., The difference between
10 ke and 3.8-megacycle loss Is representative
of the 1ine slope characterlstics whereas,
with the slope equallzer Inserted, the difference
between i~megacycle and 3. 8-megacycle loss 1s
adjusted to wero by means of the variable bulge
equallzer: Having thus obtalned a tentative
equalizer setting, an adjustment of equalization
1s made at additional frequencies throughout the
transmitted rrequency band. The testing fre-
quencles suggested for prelimingry adjustments
and for over—all equalizatlon are listed as
follows:




Suggested Testing Frequencies - Video Loops

Ouer-all Equalization

Preliminary Check NMeasurements
60 cycles
5 kllocycles
10 kilocycles 10 L
25 o
50 8
75 L
100 H
150 L
200 Ll
250 w
300 Ll
400 "
500 L
600 "

800 and at 200 kc
intervals between 1.0
and 4.6 megacycles

1 miegacycle
3.8 megacycles

EQUALIZATION TESTING LEVELS

The input level customarlly used in
equalizing & video loop is a signal of 1-volt
peak-to-peak (zero dbv). Altheugh somewhat
higher levels can probably be tolerated, this
reference has been found convenient and various
slgnal generators and detectors haveé been cali-
brated to read In db above or below 1=volt peak-
to~peak, based on a nomingl circult impedance of
either 75 olms, or 110 ohms. The testing levels
employed in line-up and equalization should not
be confused with the voltages which are im-
pressed by the brocdcaster during transmission
of a video signal.,

As noted previously, a device known as a
clamper 18 somniétimes used to reduce the effects
0f excess loss in the low frequencles. It
should be noted 1n thls connection that an
attenudatlon~frequency run made with & sine wave
gignal generator will not show the effect of the
clamper at the low frequencies for a video
8lgnal even though the clamper 1s operating in
.the circult at the time of the tests. This
résults from the fact that the effect of the
¢lamper on the very low freguencies 1s based
iipori the presence at all times of & large com-
ponent of video line frequency at 15.75 ke.

PART § - THE STANDARD VOLUME INDICATOR

GENERAL CHARACTERISTICS

The standard volume indicator now in gen-
eral use in the communication industry, lnclud=
ing the major broadcasters and the Bell Tele-
phone System, 1s one having characteristics as
prescribed In Amerlcan Recommendéd Practlice
for Volume Measurement of Electrical SBpeech and
Program Waves = ASA C18.5-1842."

The volume Indicator ls callbrated to read
volumes 1n terms of vu (defined below) and ls
designed to be bridged across a 600~omm ¢ircult.
The essentlal characteristics of the 1nstrument
are as follows:

1. It employs & full wave, copper oxlde
rectifler contalned within the instru-
ment case.

2, The dynamle characteristic 1s such that
the sudden applicatlion of a single
frequency volume 0f such value as to
give a steady state readling of 100
{0 vu mark) will cause the polnter to
overswing by 1 to 1-1/2 per cent (0.1
to 0.18.vu). The pointer Speed 18
such that under the same condltlions,
4 deflection of 99: per cent of the
steady state vdalue 1s reached 0.3
second after the sudden application of
the single frequency voltage. (This
characteristlc Is conslstent with
C.C.1.Fs recommendations).

%. The scale card 1s a cream yellow and
has markings 1n black and red. The
scale markings Indicate per cent volt-
age (0 to 100) and vu (-20 to +3).

4, The instrument sensitivity does not
depart more than 0.2 db from 1ts value
at 1000 cps over the Ifrequency range
from 35 tO 10,000 cps nor more than
0.5 db over the range from 25 to 16,000
CpS.

5¢ The Instrument 1s capable of with-
standlng without Injury or-effect on
callbration, voltage peaks 0f ten
times the voltage equlvalent to a
reading of 100, (zero vu mark) for at
least 0.5 second, and & continuous
overload of five times that voltage.

STANDARD REFEREWCE VOLUME

Standard reference volumé level (zero vu)
shall be defined by specifylng (a) the charac-
teristics and method of use of the volume In-
dicator instrument, and (b) a steady state
reference of 1 milliwatt. The impedance of the
circult across whlch the Instrument Is calil-
brated shall be 800 ohms. The characteristics
of the instrument as well as the vilue of the
¢calibrating power are important features of
the definitlon.

* The standard volume indlcator and the sub-
Ject 0of volume measurements ls treated
comprehensively 1n & paper "A New Standard
Volume Indicator and Reference Lévelt by
H. A. Chinn, D. K., Gannett and R. M. Morris
- Proceedings of IRE January 1940.
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In order to gvold the more cumbersome
term "db above (or below) reference volume
level? and confusion with several earlier
standards, the readings of the standard volume
Indicator are deslgndted as so many fvut numeri-
¢ally equal to the number of db above (or
below) the reference volune lével. Volumes
above and below refererice are designated + and
~, respec¢tively. It should be borne in mind
that volume expressed 1n "vuh implies o measure—
nent made with the standard instrument. MNost
previous types of volume indicators, even when
recalidrated to a 1 milliwatt buosis will not
give indications on all types of progran mate~
rial corresponding to those df the new instru<
ment.

THE CIRCUIT OF THE STANDARD VOLUME INDICATOR

In order to callbrate and use the volume
indlcator Intelligently it 1s necessary to
understand clearly certaln baslic detalls of
its design.

The dynami¢ characterlstic of the standard
volume 1lrndicator 1s fully as lmportant angd
fundamental as any other feature In its design.
In order to maintain the proper dynamlc¢ charac~
teristic 1t 18 necessary that the Instrument,
with 1ts Internal impedance of 3900 ohms,
always be used In such a manner as to fiace
%900 ohms. The arrangement of the volume indi-
cator In 1ts §implest form, therefore, ls ag
shown In Flgs 1.

As can be seen in thils figure, the Instru-
ment taces 3000 ohms (3600 ohms in series with
300 ohms), The complete volume indicator,
therefore, presents a shunt Impedance of 7500
obms to the circult across which It 1s bridged.

Under thls condltlon a voltdge of 1,528
volts rms, sine wave, applied across the load
clircult terminals A and B should calise the
pointer of the ingtrument to detflect to the
100 mark and will Indlcate that +4 vu {(or 4 db
above 1 milliwatt) 1s being dissipated 1n the
load. This is the most sensitive arrangement
of the standard volume Indleator as 1t 1s avall-
able today.
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In practice 1t will generally be necessdry
to read volume levels higher than +4 vu. This
1s made possible by inserting between the %600
ohm resistance and the Instrument a calibrated
attenuator. A T-type attenuator of 3900: 3900
ohms impedance is employed for thls purpose In
order to avold changing the Impedance relation-
ships which would d4lter the dynamic character=
1stic of the volume Indlcator. The arrangement
with the -attenuator 1s shown in Fig. 2.

The varlable attenuator In its vtz vur
poslition or setting has zero insertion 1loss.
Consequently, with thls settlng the lnstriument
will still dindlcate 100 with an applied voltage
of 1.228 volts Pms, sine wave. Hilgher volume
levels are read by adjustment of the attenugator
to insert correspondling amounts of loss. The
upper range of the volume Indicator may be ex-
tended to any useful limlt by sultable design
of the attenuator.

CALIBRATION OF THE STANDARD VOLUME INDICATOR

None of the c¢irciilt arrangements described
has taken 1rnto conslderation sny means for
correcting the indicatlons of a volume lndlea tor
or for bringlng two or more instruments 1into
alignment. Methods of accomplishing thls are
shown 11 the following Flg. 3, 4, and S.

Referring to Fig. 3, a varlable calibrating
resistor R=2 of approximately 1000 ohms is used
in conjunctlon with the attenusvor, One-half
of this value 1s removed from the 3800-ohm
reslstarnce R=1 shown In the previous arrange-
mentg. The result Is g means of callbrating the
volume indicator without materially gitering
the shunt impedance of the ¢ilrcult or the dyna=-
mic characteristic of the Instriment as 1t still
faces approximately 3900 olms. Many commercial
types of attenugtors now available for use with
the new standard volumeé Indlcator have resistor
R-1 bullt 1rto the serles arm of the attenuator
for simplicity in wiring connectlons.

The first step in callbration Is to make
sure the instrument pointer stands on O of the
0-100 scale when no voltage 15 applied. . If not,
1t should be brought to O by means ot the me~
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¢hanical pointer adjustment on the front of the
instrument. The next step varies slightly,
depending upon the way in which the volume indi-
¢ator 1s to be used, as get forth in the follow-
Ing paragraphs.

Method No. 1

This method 1s tised in those cases where
the volume Indlcator is permanently connected
across and provides compensation for the bridg-
ing loss of the Instrument. With the attemiator
A In Flg. 3 set on step +4 vu (zero insertion
1oss) and a voltage of 1.228 volts rms, siie
wave, applled td the load terminals, the call-
brating reslstor R=2 1s varled untll the pointer
is deflected to the 100 mark. The volume indi-
cator 1s then cdlibrated for use bridged across
the 600-ohm load Into which the measured volume
1g belng transmitted.

Hethod No. 2

For routine checklng of the c¢allibration
of volume Indlcators a ®referencen instrument
properly callbrated may be used 1n a simple
¢ omparison method as shown in Fig. 4.

An osclllator or other source of a=¢c volt~
dage of adjustable output 1s required. To the
terminals of this source the reference volume

indicator and the volume indicator to be calil-
brated are comnected In pardallel.” The attenua~
tors of both volume indlicators should be set
on #4 vu. " The applied voltage should be ad-
Justed until the reference volume indicator
pointed 1s at the 100 mark: If the polnter of
the volume indicator being checked 1s not then
01 the 100 mark; 1ts calibrating reslstor should
be adjusted untll 1t reads the same &s the
reference volume indicator. It 1s then ecaii-
brated for the same method of use as the refer-
ence volume Indicator.

Some volume Indicdtors are equlpped with
a i mw."* step - which effectively taps off a
portion of the 3800-ohm serles resistance. IT
bridged across a 800-ohm resistance in which
one milliwatt of single frequency power is
being dlssipated with the attenuator set on
this step, the Instrumeht should show & de-
fle¢tlon of 100. Since this arrangement alters
the impedance which the Instrument faces and
hence 1ts dynamic characteristics, it m#ist not
be used t0 indicate program volumeé. TFurther—
more; since the scale 1s also dltered the mark-
Ings wlll not be dccurate except at the 100
mark.

Method No. 8

This method of callbrating, shown in Fig. 5
ls applied wien the volumé Indicator is to be

_ 1
YOoLY [ l : ! ]
HETER | | OHM |- - : ' <y | INSTR
1.228v.| | LOAD APPROX.
T y 3600 OHMS
300 M;l;ggx. 3900 OHMS 3900 OHMS
OHNS 7500

FIG. 3
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used in such a mamner that 1ts bridging loss
does not gffect the circult belng fed, as for
example, when it 1s to be energlzed by a sepa~
Tate amplifler terminated in 600 olms. Both
the source and the measuring circult used In
this method must be of 600 ohms Impedance.

The source s adjusted until the measuring
apparatus Indlcates 4 db above 1 milliwatt with
the volume indicator not connected. The volume
indicator 1s then conhected to the clircult,
Without makling any change in the generator

setting, adjust the resistor R-2 1in the volume
indiestor eircult until the meter deflection
1s 100 divisions with sensitivity (attenuator)
set for +4 vu. The measuring set should read
about 0.3 db lower with the volume indicator
connected.

METHODS OF CORNECTING VOLUME INDICATORS

In the methods of use of voliume indicators
outlined In this Sectlon, the gain of an ampli-
fier 1s consldered as that determined by one
0f the followling methods:

Voltage measured across thHe output terminated in

800 ohms (or other 16ad impedance to be connected)

a. Voltage gain l\ny‘db =20 logyg

Voltage measured across the input

Voltage galn determined by this Tethod may properly be used as the gain of any ampli-

fler In the casges t0 be dlscussed.

b. The galns of ampliflers whose output and input impedances are both 600 ohms, and which
dre used between those lmpedances, can be measured correctly with 800~ohm trensmission

megsuring equipment.

ADJUSTABLE

OSCILLATOR
1000 ~

" ANY IMPEDANCE

T yoL, - YOL.
IND, (er) 1D,
FIG. 4
voL..
1ND.
€00 OHMS 600 OHNS
ADJUSTABLE €060 OHM
OUTPUT <] | TRANSKISSION
600 OHM MEASURING SET
OSCILLATOR

FIG. §

Followlng are two variations of a method
of use of the volume Indlcator in which it is
connected permanently across the c¢ireuit or
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loop on which the volume 1s to be measured.
It should, therefore, be callbrated by Method
1 or Method 2 under "CALIBRATION."



Method 1-4 (Fig. 6)

_{

HIGH IMPEDANCE OR

BRIDGING INFUT

- voL. —

'"D. ' m: - e
_ o d \ - 3 N m

Lp- | AMPLIFIER" 2 4-] | L
PaD | ——
!
aurpLiFEr *t “ < e 600 OHNS

: 1 < on
Looo OHNS

The indlcatlon of the Volume lndicator plus
the galn of Amplifler $£2, minus the loss of the

Nethod I-B (Fig. 7)

pad,; 1s considered the volumé at Point L.

AMPLIFIER

The volume indicator reading, minus the
1loss of the pad, 1s consldered the volume at
Point L.

In some cases the impedance of the
loop or circult may differ from 600
ohms by such an-amount as to require
a correction to the actual volume
Indlcator readliiig. This correction
may be determined as glven under the
headi{ng "CORRECTION OF VOLUME INDIGCATOR
READINGS".

Fote:

Following are three variations of a method
0f use of the volume indicator in which 1t
should be callbrated by Method 3 under "CALI~
BRATION®.

Method 24

This method, shown in Fig. 8; 1s used by

voL. .
118
= " o 600: ——ee
600
‘ '"l , OHM L
‘ o PAD -
woouMs  FIG, 7

the telephone company at many network branchlng
points where it is necessary to feed a number
of circults simultaneously. The reslstance
bridge has constant loss and Iimpedance for aill
branches. Amplifier galiis elther are ldentlcal
or differ by calculated amounts, depending upon
the types of circulit being fed. The volume
indlcator is connected to one of the branches
through 1ts own amplifier. It does not, there=
fore, affect the power transmitted to the
various branchés.

With equal pad values and with amplifiers

41 and #2 set for 1dentlcal gains, the indica-—

tion of the volume Indicator 1s consldered the
volume at Polnt L.
Hethod 2-B

The volume Indicator In the arrangement
shown in Flg. 9 does not take any power from
the main circult.
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OTHER ANPLIFIER

FIG. 8

The volume indicator reading minus the
galn of ampllfier No. 2, less the 10ss 0f the
pad, glves the volume at Polnt L. (See Note
under Method 1=B).

Nethod 2-C
Plg., 10 shows two ways of connecting vol~

ume lndicators by means of bridge circults.

The volume indicator reading, without any
¢brrection, Is considered as belng the volume
4t Polnt L. The loss introduced between the
amplifier and Polint I in either case 1s about

8db. The balance obtalnable with an amplifier
of 800 ohms nominal output Impedarice should be
sufficient practically to elimlnate any effect
of the 1oop Impedance upon the volume indleator
readings. The entire wirlng of the unbalaliced
¢ircult & should be shielded.

TRANSMI TTING PADS

The action of a volume Indicator on average
program materidl 1s Influenced mainly by the
voltages developed at the point where 1t 18
connected, at the frequencles below 1000 cyules.
The impedance presented by a loop below 1000

* HIGH IMPEDANCE OR voL. |
. BRIDGING INPUT iND.
o | awpurier™z ..l g > 0‘,{‘3,
— — '
. 80
S \ 4 600: dwmmce oMM
i * 00 | )
AMPLIFIE s > [
MPLIFIER | |onm | L FIG. 9

¥ Pads may be omitted whefe not required

cycles, therefore, is of most Importance In 1ts
Influence on the readings, and, consequently;
on the amount of isolation needed between the
volume indicator and the loop for corréct. read—
inigs. For the usual loop of non-loaded cable
this impedance varles with frequency, the range
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for lmpedance reasons.

0f variation dependlng upon the length, the
gauge of the conductors, the equallzing arrange=
ment applied (see Part 4 — "Program Locp Trans=
missiont), and, 1f 4 transmitting coll be used,
upon the ratioc 0f thls coil. If thls be a 1:1
Impedance ratlo c¢oll or 1f the ¢oll be omitted
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altogether, a 6 db pad wlll normally be suffi-
¢lent to make the readings of the volume Indicsa-
tor on average program material agree witliln
two or three~teriths of 4 db with what they would
be 1f the volume indicator faced a pure 800-ohm
resistance in the direction of the loop. 1If,
However, a 431 Impedance ratio coll be used at
the transmitting polnt, as is done In certaln
equallzing arrangements, the Impedance faced
by the volime indicator will be much higher than
with a 1:1 Impedance ratio coll and the devia-
tions, even wilth a 6 db pad may be a db Or more.
Use of larger pads willl reduce these deviatlons
48 shown In the APPENDIX, but this willl Increase
the output reguirements on the ampllifiler &and
alternative arrangements, as dlscussed sub-
sequently, should be consldered.

Most amplifiers now in use ln broadcasting
plants for transmitting Into loops have adequate
output capaclity to permit use of 6 db 1lsolatlon
pads dand still apply a +8 vu level to the 1o0p
wilthout 6bjectionable distortion.

MIHIMUM VALUE OF TRANWSMITTING PAD

Taking all of the foregolng factors 1nto
conslderation, 6 db should be the minimum 1so~
lating value for & transmltting pad where
transmitting coils of 1:1 impeédance ratlo are
usedy; or where colls are omitted entirely.

SPECIAL 1SOLATIKG MEASURES

Where transmittling colls of 4:1 Impedance
ratio are used, other measures will be requlired

for obtaining a correct indication of the volume
being transmitted to the loop. Among these may
be mentioned -

(a) The use of pads larger than 8 db where
practlicable; :

‘{(b) The application of speclally designed
Impedance adjusting pads;

{¢) The usé of pads whiech provide isolation
between two branches of a circult by
application of the Wheatstone bridge
principle, or ‘

(d) The connection of the volume indlcator
to a parslleling branch of the ¢lrcult
having a separate amplifler; as 1s shown
in Fig. 8« Thls arrangement 1is one used
quite generally by the telephone company
in its offices.

putput circults utilizing the Wheatstone
bridge principle may be designed in varlous
forms, both balanced and unbalanced, and with
Vvarious amounts of .10ss.

An example of a bdlanced type output cir-
cult 1s shown by Flg. 10B. The circult in this
case incorporates & 4:1 Impedance ratlio coll
connected to the loop. The loss 0f thls clrcult
1s about 8 db and the isolation of the volume
indicator will, as 1n the previous example,
depend upon the match between the amplifier
Impedance and 600 ohms but wlill normally be
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several times the amount of loss l1ntroduced
Into the circuit by this arrangement.

CORRECTION OF VOLUME INDICATOR READINGS

Under M"TRANSMITTING PADSs" varlous measiires
are considered for reducing the influence of
nonuniform loop Impedance on the aecuracy of
volume Indlicator readings., Application of some
of the arrsangements dlscussed, particularly in
the cdses 0f Plgs., 7 gnd 9, may still leave a
residual error, ©f which 1t will be desired to
dispose. The amount of thls error can be deter-
mined by comparing the reading on a steady vone
of 400 or 500 cycles, having the loop connected
in the normal operating condition, with the
reading obtained with a 800-ohm reslstance
gubstituted for the 1loop.

In thls test the transmitting coll, 1f
usged, forms part of the loop, and should be
disconnected with the loop when the 600 omms is
substituted. Tones of the frequencles mentioned
nay safely be transmitted at normal operating
volumes without danger of Interference with
nelghboring cirecuits, and their effect on volume
Indlcators compares closely with that of average
program materlal, for a test of this kind.

Where the difference between the two read-
ings obtalned 1n this tést is not more than 0.3
db, 1t will usually be satisfactory to care for
this by adjustment of the slide wire resistor
in the volume Indicator circult. The procedure
in this case 1s 8% follows: Make sure the
volume Iindicator has been properly calibrated
for use ag 1In Fig. 7. Connect the 800~ohm
resistance in place of the loop (and ¢oll) and
adjust the testing tone until the volume indi-
cator Shows the volume level to be transmitted
(e.. +14 vu with a 6 db pad). Disconnect the
600~0m reslistance and reconrect the loop (and
coil). Adjust the slide wire until the volume
Indicator agaln reads +1i4 vu.

I1f the correction is found to be larger
than 0.8 db, compensation by this method might
dfsturb the dynamic characteristic of the volume
indicator to an undesirable degree and other
measures for reduction of the deviation, as
dlscussed under "TRANSMITTING PADS" should be
considered,

It a deviation of any appreciable magnitude
is not to be corrected physically, the correc—
tions should be applied algebralcally in check-
Ing measurements with other points.

In the case of the method of use shown 1n
Fig. 9, the correction may be determined by the
same procedure as Just described for Flg. 7. In
thls case, however, thé gain of amplifier No. 2
1s adjusted to obtain the desired compensatlon.

In the arrangements shown in Flgs. 8, 8,
and 10, no deviations due to ‘the effect of loop
impedance wlll be involved.
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VOLUME IMDICATOR SCALE FOR PEAK CHECKING

PedXk checking between the telephone com-—
pany and the broadcasters will riormally be done
by retference to the 0-100 scale on the volume
indicator.

The broadcasters prefer the use of the
0=100 scale because 1t 1g applicable to direct
indication of the per cent modulation of the
radlo transmitter, or the per cent utllization
of the facilitles involved.

Differences in volume should, preferably,
be discussed in terms of db., The justification
for this lies in the relatlonship to the need
for changing damplifier galns or pad values which
are designated in terms of db. The use of the
term vu 1n thls connectlon Is permissible, al-
though iricorrect.

APPENDIX

EFFECT OF TRAWSMITTING PAD LOSS
ON VOLUME INDICATOR READINGS

A test was made for the purpose of demon-
strating the relative effectiveness of different
amounts of 1oss in a transmlitting pad, in
reduclng the devlations of volume .indlcator
readings when connected across a loopy from the
readings when corinected across & 600-ohm reslst-
ance, which is the reference load condition for
the standard volume indicator.

The loop used consisted of sbout five miles
0f 19 gauge nonloaded cable conductors. The
coll and equallzer arrangements were as shown
in part 4, Flgs. 1, A, B, C, and D,

The Western Electric 23-A equalizer used
was read]usted for each condition to obtain
optimum egqualization.

The ¢olls were Westeérn Electric Compsny
NOs 111_00

TESTIHG PROCEDURE

1. With 0 db loss in the¢ adjustable psd the
output was connected to a 800 ohm
reslstance, The osclllator was adjusted
until the volume indicator read +8 Vu.

2. Without changing the oscillator the
output was transferred to the loop (with
coil, when used).

3. The volume Indicator readings were re«
corded for the following amounts of loss
in the adj)ustable pad: 0 db, 6 db,
10 db.

4. BSteps 1, 2, and 3 were repeated at each
testing frequency.



TEST ING ARRANGEMENT To0P -
o, APP: S MILES
YARIABLE "'1 ’ r—-o—-)' .
FREQUENCY ADJUSTABLE
: . ANPLIFIER
OSCILLATOR PAD

5. Steps 1, 2, B, and 4 were repeated for
each of four condltions of the loop
equipment shown as 4, By C; and D, 1in
Figure 1 (Pars 4), except that recelving
coll was omitted entirely in B and D.

RESULTS

The results 0f these tests are shown by the
four accompanylng sets of curves. Deviations
identifled by (+) Iindicate that the readings

were higher for the loop than for the 800~ohm

termination. It can be seen that the deviation
¢an be reduced to a small amount (about .3 db)
by use of a 8 db transmitting pad, if no coil
(or & 1: 1 Impedance ratlo coll) be used at the

3 400 ons

transmitting poimt, but that where a 4:1 im=
pedance ratio transmitting ¢oll is used & pad of
at least 10 db wlll be required to obtaln a
comparable reduction.

o

The dats obtalned from these tests apply
strictly to the specific 1loop tested.
Loops of other makeups would show the
game tendencles but the magnitudes 0f
the effects might be different. For
example, & 100p Of considerable length
coritainlng smaller than 19 gauge con~=
ductors would normally produce volume
indicator readlngs greater than the
800~ohm termination, even wlth the
transmitting coll omitted.

¥ote:
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PART 6 - NETWORK OPERATION - AUDIO CHAKNELS
PERFORMANCE CONSIDERATIONS

The interexchange zudio program networks
utllized in providing program transmlisslon
service dre designed to afford the transmission
performance necessary for the grade of service
involved. If the expected results are to be ob~
tained and detrimental reaction on or from other
communication services s to be avolded, however,
certaln technical requlrements must be observed
in thelr use. This necessitates that all con-
cerned have ddequate informatlon covering these
requlrements. The more general considerations
relating to the operation of local program
channels are covered in PART 5 of this Handbook.
Théere remaln some additional aspects Gf program
channel operating, however, which apply speclf-
ically to interexchange networks. These are
dlscussed 1n some detall In the following para-
graphs.

The flexibllity in aprllcatlion of the serv=
ices dvallable to the users may lead to unsat-
isfactory results 1n some cases 1f attempts are
made to utilize the services beyond the limits
of thelr capablllities. The probability of
actunal trouble from this, In the case of high
quality services, is relatlvely slight since the
influence of all factors limiting clrecult
performance has been greatly reduced in thelr
design and since these services are glven close
supervlision by the telephone c¢ompany. In the
case of medlum quallty service, however, such
¢lose supervision is not provided and, as the
performance capabilities of the circults are
considerably less, and vary conslderably with
distvanée, they are much more susceptible to the
111 effects of improper demands upon them.

VOLUME CONSIDERATIONS

Proper results from any broadcasting system
are deperident upon having proper volume levels
at every polnt In the system from plck-iup to
transmitter output, including intervenling net—
work connections. Insufficlent volume results 1in
more nolse bYelng heard with the program and ex-
cesglve volume tends to increase distortion gen-
erally or prodiice overloading on the volume
peaks. '

Different partsofthe system such 4s ampli~
flers, local chamnels, line circuits, ete., are
deslgried to operate at different volume levels,
depénding on their fiunctilons, their positions
Inthe¢lrcult, or upor limltatlons due to inter-
ference considerations. For exdnple, at ampli-
fier points on open wire circults the volumes
are allowed to reach maximums of 414 vu. On
long distance~type cable clrcults comparable
maximum volumes are 44 vu or 48 vu depending on
the type of service involved.

)
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It becomes readlly apparent that an over-
all system comprising many component parts con-
nected Iin séries should be so "lined up" (the
1losses and galins so adjusted) that the proper
maximum volume applled at the originating point
will produce the proper maximum volume at all
other polnts, such ag amplifier outputs, in
recelving local channels, ete.

The techniqie of controlling volume at orlg-
inating points 1s based on gne falrly obvious
general principle, namely, Keeplng the average
yvolume 4s high d4s possible without having to re-
duce too many volimé peaks and thereby sacrifice
desired volume range.

Program volume 1ls controlled by attention,
primarily, to the maximum levels. Conslstent
with thils, engineering and operating practlices
applied to program networks by the telephore
company are prepared wilth the assumption that
maximum program volumes will be kept up to the
proper level at the plck-up polnts, mormally 48
vu, (except In a few spec¢lal cases) Into the
transmitting loc&l channel. Responsibllity for
the actual volume condltlons throughout the
system, Including the networks; thus attaches
itself to the control operator @t the program
source. No satisfactory substitute for thls sit-
uatlon has been fournd, as attempts to compensate,
at other polints, for Improper control at the
orlginating point has been found by experlence
to lead to serious gonfusion and sometimes to
upset the coordinated operation of the system.

A general princ¢iple can be evolved from
this, which 1s to correct volume Irregularities
wherever they occur, only at thelr sources and
not by compensating adjustments at circult ter-
minals. Thisredquires locating the source of the
irregularity by comparisons of volume peaks at
successive polnts along a route toward the orlg—
inating point. Obviously, efficlent communica-
tion circults between offlices along the routes
are necessary -t0 permlt doing thils properly.

The considerations relating to the control
of the volume at polnts on a network &lso apply
to the ampliflers and other equlpment at the
broadcasters' premlses at polnts where program
materlal 1s recelved from one network and
swltched or retransmitted on to other networks.
This and other factors involved In retrans-
mission of programs are disciissed later.

OPERATION OF MEDIUM QUALITY PROGRAM FACILITIES

As mentloned In PART 3 of this Handbook,
medlum quallty program channels are avallable
which are capable of transmitting a frequendéy
band somewhat narrower than the 5 or 8 ke facll-
ities. For this type of Service; the facilities
are ustallyof the type designed primarily for
long distance telephone service but with thelr
normal amplifler equipment adjusted to permlt
passing a somewhat wider band than for message



purposes and to transmit at levels which will
take full advantage of the controlled volumé of
the program material.

An Important dlfference between medlum
qualilty and high quallty transmission 1s that
medium quality transmission deteriorates rapldly
with distance, while high quality transmission
suffers relatively 1little from circult length.
This 1s due to the fact that the medlum quallty
circuits lack design and operating refilreniénts
present In the high quality networks for re-
ducing objectlionable effects which are cuimulative
with distance.

NON-AMPLIFIED MEDIUM QUALITY CIRCUITS

In a relatively few instances 1t may be
found possible, temporarilys to provlide short
circults formedivm quality program Service with-
out line amplifiers at intermedlate telephone
offices. Under such clreumstances, these short
circults have no Intermedlate egulpment to
restrict the frequency band transmitted and
the orly band limitatlon for the network 1s
the f"gutoff® of the 1ine and local channel
facilities. Wnlle this wlll vary somewhat be-
tween cases, the band will sometimes be wlde
enough to permit tranmsmission approaching that
obtainable from the regular high qualilty
services, since delay distortion from such short
lengths will normally be unimportant. In addi~
tion, these clrcults afford the advantage of
transmitting in-elther direction. It is lmpor-
tant for the control of nolse 1in such instances,
of course, to arrange for swltcling equalizers
and pads In and out of the clrcults so that
equalization will always take place at the re-
celving end of the channel, Taken at face value,
these features appear to make "non-amplified®
circuits very attractive by use in bullding up
networks. This conclusion, however, falls to
take into consideration the fact that the
atvractive features are primarily due to the
short lengths of the circults and not to thelir
having d¥fferent basic transmission character-
1stiecs, If used 1n tandem between studlos to
form long connections, the cumulative Ilmpairmerts
characteristle of long lengths of clrcuit will
make themselves apparent Justas if only a single
long clrcult were involved. In fact, noise will
tend to bé somewhat higher 1n such & tandem
arrangement than 1in a single c¢ircult of equlva-
lent length because of less favorable levels.
The possibilities of operating irregularities and
interference will also be lncredsed because of
routing the circult through one or more retrans-—
mission polnts.

SUPPLEMENTARY EQUALIZATION

Supplementary equalization measures are
sometimes appliled to long medlium quality circults
by broadcasters in an effort to widen the effec-
tive band width and so obtaln additional bene-

fi1ts normally assoclated wlth wider band serv-
icess In many of these cases no serlous dirffi-
culty is encountered Iin widening the band up to
the cutoff of the line facilities. A ¢ompara-
ble Improvement In quality may not be obtained,
However, as nolse and distortion effects will
tend to become more objectiondbles

Attempts may be tfade to improve low fre-
quency performance of medium quality c¢lrcults
by application of low frequency pre—emphasis in
material transmitted into the circult. This is
1likely to result in trouble as low frequency
levels conslderably in excess 0f the 1,000 cycle
reference levels may reach line ampliflers in
the initlal portion Of the ¢irciult and produce
seérlous distortion on program materlal having
high level low frequeéency components, such as plpe
organ music, due to overloading: In speclally
designed program circults, because of these con-
siderations, equalization is distributed along
the c¢ircult and 1s applled at the recelving ends
of thie sectlons corncerned only.

RETRANSMISS{0K OF PROGRAMS

in sonme cases the broadcasters recelve
programs from one network and switch or retrans-
mit them to another. 1In these cases the broad-
casterts retransmitting amplifiers and asso-
clated equipment bécome virtually units in a
larger network. Thelr operation, consequently,
becomes subject to the same requirements of GLher
amplifiers In the networks, 1f they are to be
kept from affecting all results dispropertionately.
Some of the technieal requirements for the equip=
ment which are of particular Importance in this
connection are as follows:

1. ‘The amplifier should be stable in galn
and have ample galn and volume capaclty
to abply 48 vu to tie transmittling loop
(through any necessary pads) with a few
db of margin for safety and without
introduction of objectionable noise or
distortion. They should also make no
appreclable change in the transmission-
frequency characteristic of the trans-—
mitted band. -

2. The amplifier should have a gain ad=
justment of positive type with which
galn can be changed Known amounts and
sét definltely at deslired values. The
steps shoiild be 2 db or less. Mechanl~
cal detents are desirable so that gain
adjustmenits will be protected against
gccldental change, Slide wire controls
are not generally as sultable for this
use.

3, A standard volume Indicator should be
avallable with arrangements to permit’
correct neasuremernits of the volume fed
to the outgolng loop.
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4. Adequate input pads should be avallable,
If needed to keep normal VOlumes rTe~
¢elved from the nétwork from overload-
ing any amplifier Involved In retrans-
mlssion.

5. The galn of the retransmitting ampli-
fier should be adjusted so that normal
(maximum) level from the recelving loop
from the telephone company office will
result in applicatjon of +8 vu to the
transmitting loop at the broadcasting
station. Themethod for doing this dif~-
fers depending upon whether or not the
¢ircult from which program 1s recelved
employs line amplifiers. The proce-
dures for both of the conditions men-—
tioned are discussed in followlng para-
graphs. These procedures apply basic
prin¢iples whi¢h take into consldera-
tlon the impedance characteristics of
the local telephone c¢lrcuits involved
and should result in transmission values
whlch can bé coordinated with those of
the telephone company, In the use of
commerc¢ial testing equipmeént for such
measurements it should be made sure
that the same baslc principles are ap-
plied.

8. ‘The high and low frequengy delay-fre-
guency characterlstics (sometimes re-
ferred to as delay distortion of phase
distortion) of all equlpment used
{colls, amplitlers, equallzers, etc.)
should be such as not to contrlbute any
appreciable amount to the over-all net-
work.

ADJUSTMENT OF GAIN OF RETRANSMITTING AMPLIFIERS

A. Where the incoming interexchange clrcult
utlilizes dmpliflers in the normal manner.

1. At the broadcasting station cofinect a
600~ohm resistance across the outpus of
the retransmitting amplifier circult In
pldce of the transmitting (out-going)
loop, and connect & standard volume
indlcator across this 800-ohm resist—
ance. Ifa 600-olm pad 1s normally used
between the amplifier and the loop the
600-olm reslstance should be connected
to the output of the pad, 1n place of
the loop, and the volume indicator con-
nected across the input of the pad.

1

2. Have the telephone offlce, at which the
recelving (Iincoming) loop connects to
the line circult, transmit 1000-cycle
test tone at a level of O vi (1 milli-
watt) Into the recelving loop.

3. Adjust the gain of the retransmitting
amplifiler until the volume indicator
shows: that 0 vu of test tone 1s belng
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fed to the 800-ofm resistance. Thisg 1s
indicated by 4 scale reading of -4 with
the attenudtor set on +4 vu 1f no pad
1s Involved. If there 18 a pad between
the volume Indicator and the 600-ohm
resglstance the volume indicator should
read higher than 0 vu by the less In db
In the pad. If the volume 1fidicator 1s
to6 remaln connected to the clrcult for
service 1t should be callbrated for use
in thls manner as brought out in Method
1 o1 Page 7 0of the brochure mentloned
earller. TIf removed after the gdin 1s
adJusted calibration should be by
method 2,

4, Replace the B600-ohm resistance by the
loop. Note the reading of the volume
indlcator again. The algebralc quantity
that miist be added to thils reading to
obtaln the reading when the 800~ohm
resistance was connected, 18 the correc-=
tion that should be added to the volume
Indicator readings under service condi-
tions to obtaln the dctuigl volume Ted
to the loe6p {(or pad 1f used). With
actual program the normal corrected
maximums should reach 48 vu into the
1loop.

B. Where the Incoming interexchange clreult is
0f the non-amplified type (no amplifier at the
telephone offlice, although one 1s required at
the retransmitting point).

1. Communicate with the statlon transmit-
ting on the interexchange circult and
request transmission of 0 dbm of 1,000~
ecycle test tone Into the local cirecuit.
(Os¢1llator sliould present 600 ohm im-
pedance to local clrcuit.)

2. Adjustments should then be ‘made at the
retransmitting statlon as deseribed for
Interexchange cilrcults utilizing ampli-
fiers,

After establishing the correct normal set-
ting of galn for the retransmitting amplifier at
a broadcasting station thls gain should be main=
tained at all times unless some change is made
which will change the input to the amplifier.
In thils case a new normal setting should be
establishied by repeating the procedure described
tor determining correct gain adjustments.

If transmigsion through the station corn~
cerned 1s sometimes reversed the proper galn for
both directions of transmission should be deter—
mined. The necessary change in 411 between the
two directions may be made by insertion of dif-
ferent pads in the input clrcult.

A vesting frequency of 1000 cycles 1s spec-
1ried for making the foregeing adjustments as
this 1s the standard testing frequency utllized



for "line-up" work on program and other circults
in the telephone plant and is the frequency at
which amplifler gains and elrcult loSses dre
¢oordinated In obtalning proper transmission
levels throughout the telephone plant.

Because of possibllity of interference with
other circults freaquencles as high as this can
not safely be transmitted in local cable plant
at levels greater than 0 dbm (1 milliwatt).

In the case of high quality program circiilts
500 ¢ycle test tone may be used for similar pur-
poses, where 1t 18 desired to transmit full 48
dbm of test tone, (at a normal +8 vu point) as
interference €ffects are mich 1ess at this fre=
quency, and transmisslon loss at 500 cycles will
be ¢losely similar to that at 1000 cycles. In
the case of medium quality clrcuits, however,
equal wmiformity in transmission loss at differ-
ent frequencies can not be assured, and some
over-all error might result from assuming 500~
cycle test results to be equal to those at 1000
cycles if used for several points which might
operaté in tandem.

PROCEDURE IN CASE OF IMPROPER VOLUME RECE{VED
FROM THE INTEREXCHANGE CIRCUIT

As indicated earlier, progran network oper—
ating and maintenancé procedures are based upon

the assumption that the origlnating polnt will
properly regulate the volume fed to 1ts trans-
mitting loop. The questlon, therefore, arlses
as 1o what should be done if thls 1s not the
caseor if some network transmission irregularity
develops which results in improper volume reach-
ing the various trlbutary stations. This 1s of
particular importance In the case of medium qual-
1ty services since the closer supervision given
the high quality services simplifles detection
of the sources of volume Irregularities.

If volume irregularities are noted, 1t
should firstbe ascertalned that this discrepancy
1s ac¢tually presentornthe incoming loop and that
some irregularity in the statlon equipment is
not accountable. Having determined this, the
telephone company should be notified and will
determine whether the circult to the next inter-
connecting point toward the originating point 1s
at fault. If not, 1t may elthér be assumed that
the next station 1s 4lso experiencing the trouble
and 1s taking similar steps, or that station may
be communicated withby the broddcaster to verlfy
this.
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AN EMERGENCY BROADCAST TIME SYSTEM™

(From the Engineering Notices of the Natiorial Broadcasting Company)

Asnetwofkbroadcasting continues to develop,
it requ1res more and more careful and exact
timing. The awkward pauses heard at the end of
prograiis, cuts at the start of broadcasts, and
many other similar troubles are usually traced
directly to faulty timing.

Inanattempt to overcome these troubles, in
so far as is possible, a system has been devised
to provide accurate and attomatic time checks to
all who might be concerned.

The system in its present form provides
audible * beeps” three, two, and one minutes
be fore each quarter hour. Three “beeps” 1ndlcates
3 minutes before the quarter hour, bwo“beeps
two minutes before the quarter hour, one ‘‘beep’
one minute before. The start of the flrst"beep
in each case is exactly on the minute. Each
“beep” is a 1000 cycle note for a duration of
slightly more than 1/2 second.

In addition to providing accurate and
automatic time checks, the system also provides
an excellent warning to operatlng personnel that
switching periods are “coming up.” It is now
recognized that the warnings have saved many
switches that would have otherwise been over-
looked.

e “beeper” time checks are supplied toall
broadcast studio booths, superimposed over all
announce delite** outgoing channel monitoring,
connected to a house monitoring selector level,
appears at the Master Control Desk, at Trans-
mission Operatlng,the])1v151onEng1neer s office,
the Maintenance Group Office, the Field Office,
Air-Conditioning Office, and at Transmission
arranged so that the “beeps” can be fed to
radio and private lines.

The “beeps” are used in the broadcast
studio booths by the Production Director and
Engineer to check the accuracyof the booth clock.
Experience has revealed th:t a large mumber of
clocks fed from a common and accurate source are
not necessarlly exactly alike, Defects in the
clocks sometimes cause errors that are not
immediately noticed unless there is an auxiliary
means of checking them. Theaudlble"beeper”
continuously available, results in clock errors
being noticed and corrected before any harm is
done. Ifa booth clock is wrong or not operatlng
at all, the broadcast still starts on time from
the audible time checks.

; *Systen developed by Mr. Edwin Costello, New
York‘NBC Maintenance Engineer, in cooperation
with the Maintenance Staff.

Some broadcast studios are operated without
a Production Director. Others, usually repeater
studios, are operated without either a Production
Director or Englneer in the studio¢ announce
booth. The time checks superlmposed over out-
going channel monitoring provides the correct
time to the announcer at his delite®™ to check
the clock there,

The “beeps” are available on a House Monii-
toring Selector Level to permit any office w1th
a loudspeakerto obtain correct “broadcast time.’
It is also used by the Maintenance Engineers to
set office clocks wherever loudspeakers are
located. Sometimes it is used by office personnel
as a warning to monitor a sp601a1 program that
they are particularly interested in. The loud-
speaker is dialed to the ““beeper” level and left
there. The 3, 2, and 1 minute ““beeps” serve as
a warning that the program time is approaching.
Before the actual broadcast time the loudspeaker
is silent except for the ““beeps” permitting con=
cefitration on work at hand without interference
by broadeast program.

The time checks are used at Transmission
Operating and at the Master Control Desk as
warnings that switching perioeds are approaching.

Another important use is the feeding of time
checks toremote pickup points over private lines
and business phones. The business phone connec-
tions are received 1n the Master Control Room on
a PLX Board from the building PBX. The “beeps”
are fed tothese lines in multiple so that normal
conversation is not interferred with:. The time
checks are available on a spare PLX jack which
is connected in parallel with all local private
lihes and PBX business phones that are belng
used for program coordination and “‘go aheads™.
The announcer receives the time checks at the
pickup by listening to the engineer’s private
line receiver. The engineer lifts the receiver
away from his ear sl1ghtly and the announcer
hears the check by standing near the engineer.

Providing the automatic time checks frees
the Transmission Operatlng Engineer in Master
Control the last few minutes before switching
time to make last minute patches, clear trouble,
make changes, etc. The saving of time resulting
from not tlelng up personnel with glVlng verbal
time checks is very appreciable and improves the
overall operating efficiency.

It should be noted from the attached dia-
grams that a loudspeaker is automatically con-
nected across all PIX and PBX lines receiving

**The word ‘*delite” is used by NBC to identify
a studio control position or console used by
announcers:
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time checks. This loudspeaker provides a con=
tinuous monitor of lines without an engineer
continually listening to a phone. Considerable
operating time can be saved by this loudspenker
menitor alone.

Figure 1 shows the contacts added to an
electric clock face, the relay system operated
by the clock, and associated equipment used to
feed the resulting “beeps” to monitoring points.
Operation levels and notes make the diagram
self-explanatory and no further discussion
required.
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ALTERNWATING CURRENT FEEDS FOK "BEEPER CLOCK

Figure 2 shows the AC feed to the electric
clock. Under the present normal operating con-
ditions the switch is thrown to the Precision
Time feed. Ifthe Precision Time equipment fails
or the clock requires correction the 94-C ampli-
fier is turned on and the clock switch thrown to
the local AC feed position. The “beeper” clock
is then corrected by operating the oscillator
switch in the 94-C input to change its driving
frequency either faster or slower as required.
Prior to the installation of the local Precision
Time system, the clock was fed continuously from
the 94-C. Due to poor 60 cycle frequency control
it was found necessary to correct the ‘“beeper”
clock as often as once an hour.

If all AC feeds fail entirely the 3, 2, and
1 minute “beeps” can be supplied manually by

—
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operating the push button associated with the
transfer relay shown on Figure 1. The time to
operate the relay manually is taken from a
Western Union spring operated clock mounted
beside the “beeper’s The Western Union clock
installatien is inexpensive and proyides an
excellent emergency time system. The clock is
corrected electrically froma central office once
each hour. All equipment associated with the
entire “beeper” system, except the clock itself
and one monitor speaker;, isDC operated in erder
to provide this emergency feature.

Figures 3, 4, and 5 are diagrams for the
DC operated amplifiers. Some of the amplifiers
are of an old design but are utilized here for
economical reasons. Any amplifier that would
accomplish the same purpose may, of course, be
substituted.

Figure 6 shows the design of the AC operated
NA - 13 emplifier. If AC fails, the loss of
this amplifier will not interfere with the
emergency DC operationof the system itself. The
NA - 13 is used as a private line monitor and
for ‘“beeper” warnings at Transmission Operating.
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ELECTROACOUSTICS

Reprinted from Referenice Data for Radio Engineers, Third Edition, by permission of the publishér,

Federal Telephone and Radio Corporation, 67 Broad Strest,

THEORY OF SOUND WAVES'

Sound (or a sound wave) is an alteration in

pressure, stress, partlcle d1splacement or par-
ticle velocity that is®propagated in an elastic
material; or the superpositionof such propagated
alteratlons‘ Sound (or sound sensation) is also
the sensation produced through the ear by the
above alterations.

Wave equation

The behavior of sound waves is given by the

wave equation

1 52
2 = 1 &P

ic? 92
where p is the instantaneous pressure increment
above and below a steady pressure (dynes/centi-
meter®); p 1s a functionof time and of the three
coordlnates of space. Also,

(1)

t = time in seconds

c = velocity of propagation in centimeters/sec-
ond
V2= the LaPlacian, which for the particular
case of rectangular coordinates x, ¥, and
z (in centimeters) is given by
s 32 o
axz—F et (2)

For a plane wave of sound, where varlatlons
mmr%mamymﬁzﬂemm =8%p/px® =
d®p/dx®; the latter 15_approX1mately equal to
the curvature of the curve showing p versus x at
some instant. Equation (1) states simply that,
for variations ‘in x only, the acceleration in
pressure p (the second time derivative of p) is
propertional te the curvature in p (the second
space derivative of p).

Lerd Baylelgh “Theory of Sound,” vols. I and
II, Dover Publications, New York, New York; 1945,
P. M. Morse; “Vibration and Sound,” 2nd edition,
McGraw-Hill Book Company, New York, New York;
1948,

New York, New York.

For a gas (as air), the velocity of propéa-
gation ¢ 1s related to other parameters of the
medium by the equation

= Vvp0/m (3)

where

»= ratio of the specific heat at constant
pressire to that at constant volume

Po= the steady pressure of the gas in dynes/cen-
timeter?

Pi= the steady or average density of the gas in
grams;/centimeter

The range of variation of these parameters
is given in Fig. 1 for typical substances at
standard conditions (20 degrees centigrade, 760
millimeters of mercury).

Sinusoidal variations in time are usually of

interest. For this case the usual procedire is
to put p = (the real part of Pej¥t), where
P now satisfies the equation

V5 + (0fd?F =0 )

The vector complex velocity v of the sound
wave in the medium is related to the compleéx
pressure § by the formula

¥ = —(1/5p) grad B (5)

The specific acoustical impedance Z at any
point in the medium is the ratio of the complex
pressure to the complex velocity, or
Z=5f (6)

The solutions of (1) and (4) take particu-
larly simple and instructive forms for the case
of one dimensional plane and spherical waves in

one direction. Fig. 2 gives a summary of the
pertinent information,

Fig, 1—Table of sound-propagation parameters in various substances.

characteristic
velocity of acoustic resisiance pic
density po: propdgation ¢ gramis/centimeter?

substance grams/cenfimefer’ | centimeters/second /second

Air 0.00121 34,400 41.6

Hydrogen 0:00009 127,000 11.4

Carbon dioxide 0.0020 25,800 513
Salt water 1.03 150,400 155,000
Mercury 135 140,000 1,9DU;QQO
Hard rubber 1.1 140,000 150,000
600,000 1,440,000

Hard glass 24

5-8-01
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For example; the acoustical impedance for
spherical waves has anequivalent electrical cir-
cuit comprisinga resistance shunted by an induet-
ance. In this form, it is obvious that a small
spherical source (r is small) cannot radiate
efficiently since the radiation resistance.poc
is shunted bya small inductance por. Efficient
radiation begins approximately at the frequency
where the resistarce por equals the inductive
(mass) reactance poc. This is the frequency at
which the period (= 1/f) equalsthe time required
for the sound wave to travel the peripheral dis-
tance 2mr.

Sound intensity

The sound intensity is the average rate of
sound energy transmitted ina specified direction
through a unit area normal to this direction at
the point considered. In the case of a plane or
spherical wave, the intensity in the direction
of propagation is given by
I = p*/pc ergs/second/centimeter?®

where

pressure (dynes/centimeter?)

p=
p = density of the medium (grams/centimeter®) and
C =

velocity of propagation {centimeters/second

The sound intensity is usually measured in
decibels, in which case it is known asthe inten-
sity level and is equal tol0 times the logarithm
(to the base 10) of the ratio of the soind inten-
sity (expressed in watts/centimeter®) to the
reference level of 107'°® watts/centimeter®. Fig.
3 shows the intensity levels of some familiar
sounds.

ACOUSTIGAL AND MECHANICAL NETWORKS
AND THEIR ELECTRICAL ANALOGS?

The present advanced state of the art of

electrical network theory suggests its advanta-

‘geous application, by analogy, to equivalent

acoustical and mechanical networks. Actually,
Maxwell’s initial work on electrical networks was

. based upon the previous work of LaGrange in

dynamical systems. The following is a brief
summary showing some of the network parameters
available in acoustical and mechanical systems
and their analysis using LaGrange's equations.

"Fig. 4 shows the analogous behavior of
electrical, acoustical, and mechanical systems.
These are analogous in the sense that the equa-
tions (usually differential equations) formu-
lating the various physical laws are alike.

2E, G. Keller, “Mathematical Engineering,” lst
ed., John Wiley, New York, New York; 1942, H. F.
Olson, “Dynamical Analogies,” lst ed,; D. Van
Nostrand, New York, New York; 1943.

LaGrange's equations

The LaGrangian equationsare partial differ-
ential equations describing the stored and
dissipated energy andthe generalized coordinates
of the system. They are

d /aT\ dF oV B
- > ) . = vr == e 4 21 dEa ey 1.
dt (6%) + a4, + dq, Gor v =1 ! (7)

where T and V are, as in Fig. 4, the system’s
total kinetic and potential energy (in ergs), F
is % the rate of energy dissipation (in ergs/
second, Rayleigh’s dissipation function), @, the
generalized forces (dynes), and g, the generalized
coordinates (which may be angles in radians, or
displacements in centimeters). For most systems
(and those considered herein) the generalized
coordinates are equal in number to the number of

degrees of freedom in the systems required to
determine uniquely the values of T, V, and F.

Example

As an example of the application of these
equations toward the désign of electroacoustical
transducers, consider the idealized erystal
microphone in Fig. 5.

This system has 2 degrees of freedom since
only2 motions, namely the diaphragm displacement
x, and the crystal displacement x,, are needed
to specify the systen’s total energy and dissipa-
tion.

A sound wave impinging upon the microphone’s
diaphragm creates an excess pressure p (dynes/
centimeter’). The force on the diaphragmis then
pA (dynes), where 4 is the effective area of the
diaphragm. The diaphragm has an effective mass
m,, in the sense that the kinetic energy of all
the parts associated with the diaphragm velocity
%, (=dx,/dt) is given by myx5/2. The diaphragm
is supported in place by the stiffness S;. It
is coupled to the crystal via the stiffness S,
The crystal has a stiffcess S,, aneffective mass
of the m (to be computed below), and is damped
by the mechanical resistance R, .The only other
remaining parameter is the acoustical stiffness
S, introduced by compression of the air-tight
pocket enclosed by the diaphragm and the case of
the microphone.

The total potential emergy V stored in the
system for displacements x, and x, from equilib-
rium position, 1is
V = 3508 + $SalcaAl? 4 3Soc? + §Soba — xd*  (8)

The total kinetic energy T duetoc velocities
% and %, is

T = §mo + jmaid (9)

5-8-03



;Nm._‘o e

-ued ur uolsid §o PeID =

gSiajaury
<UD U AWNOA PesO|aUs = A
glojouljuad/swpib uj
sob pesojaus o Apsiep = d
puodes/siafaul
-yued ul soB  pesp>
-us uj punos jo AjID0[aA = 2

sBig ur ABisus |oyuatod = A

DL =
SSBUYIIS [PANSNODD = 7§

S19)aW
U9 Uj Wwoaq Jo Yibus| = |

yStefew
“ljuad Ul udHDesSSOID
jo bpisl] 40 jUuawow = J
Fefowiued
/seuAp uL  Apousoje

{40 snopow  sBunoy = 3
g s61s
vy ABrsus: ._u::u,pou = A
sU\,— =

SSBUYIS [PAIUOYIAW =

DEENTTTER]
w$elpjd JO UCHDINAES = B
Sispewnued
i seyoid jO0  pRIO =V
{oHUawnu

Uip Ao [ =) JuDys

-u02:2iljd8jsip AAlD|el = ¥
spuo

-das-jjom  u). ABisue = I

/1 = sseuglls = §

QUAP /Sipjamuad sUAp/sisiailyua i
L1 92UnLdWwod [DO)SAODD = P | 8OUD dwod ponioyIsw = *7y| spRioj ul 82ubIndDd = 9
D1aYM EFETITNS EEETES
9 _ o PED PL9E
= =" =" 0l X—==0D
) o " v
<xH~MHquunx _mmHKsuﬂx ,m,ﬂmuﬂe
d o 3 = el
3z T _Jt_,
=4 = = BETpSNM
(uotsupdxa {wpaq sayid

21yogpIpD ‘sspuanbaiy ol
4o} 2oubljdwod 4snodD: uoysid

v

o Lyl | d

Ik

A9a9und) 9aly-padup)d

paopds ,\,_uno_u. yim 1oa0dos

‘[P2lsNodD

[CEIDET e

[ETETEET -

*(ABapus [puuajed 10 2yDISONIB|D)
aBbaoys ABigua jo 1ojownind-—siweysds Jo Iolapyaq snobofpun jo IqeL—EaY By

‘puodes/sbia ) Jomod = ¢

va._wav_:_—cvu
ul leqn} DN {O. DAID = Y

Siapow
-ugd U1 eqni Jo yibusl =1

ssjod g
Kysoasia Jo JUBIYR0N = T

glereur
._Ewu\mv:‘oumm,nc)v
Ul SJUDJSISA]  DHSNODD = DY

SpUOI9s Ul Sw = {

puosss/sbia uf temod = 4

;Siajauwl
~ljued Ul SUDA jO. DBID =

SiejeuIuad
esupA Buidwop jo 3iBlay = §

astod ut
AISOISIA O JUBIIE0I = 1

1ajou
#)jusd/spuodes-auip
U1 9OUD{SISa |DDIUDYIIW = Y

SpUODSS Ul BWY = }

s} oM Ul Jemod

1]
a

ZSTSIOWIHUSD UL B
JO D9UD JBUOYDSS-SSOID

i
<

S1248WuD UL Yibua|

il

siajaw
=Hue=wyo ul AjAysised = d

SSTajalijuad SWYO Uy BRUDISISDS = ¥
Ul JupWaop[dsIp SWNOA = ¥ o sigjow spuooas uf suit = 4
IR -|UBsd U} JueWwedp)dsip = X
I P AR ! ug 9B = b
/s5uApiul 2ansseid ssadxe = d SaUAp: Ul 8210) = | squo|nod u 9bioy>
. . o S}joA Uy 96DJjOA = &
puodas/gsiaiauly puooss
-0 Ul AJDO[2A BWNOA = X | /S48jewljuad Ul AJDOJBA = 4 sosodwp Ul JUBLIND: == |
SIYM o49yMm 2I9Y4M,
v Y A
= vy — =y ¥ =y
g yr e
P 1 Y !
]“UM“,,X X lbﬂ]lﬂ\, U.thwum
XP : X bp @
X =d MY = d 2 =d
adid jjpws uy moy spb SNOdsIA ALA UL JUBIIND.

r
|

jP34§sno3D

Jo3IubL 52w

ICETVIEETS

‘(uolpspwy Jo)

usyodissip ABious jo 19jalpIBd.—swaisAs Jo J0JADYDq SnoBo|oUR jo ANGOL—Y ~“Bi1g

5.8-04




Fig. 4C~—Table of analogous behavior of systems—parameter of energy storage

{muagneiostatic or kinetic energy).

electrical

mechanical

acoustical

for a very long solenoid

for translational motion in ong
direction.m is the actual wenght

P+P, — X Pu

1 ——»

gas flow in @ pipe

in grams
oo L% _omé T=Mi¢‘
Wan =5 T2 2
di d2q dv dx; .. dX d%
=] =] = = — = ——E K —M—=M-7=M)(
e=tL dr deiz 4 f=m g " gET ™ P dt di?
R A pl
L= 47 In? Ak X 107 M= Z
where | where where

L = inductance in henries

Wy, = energy in watk-sec-
orids

1= length of solenoid in. |
‘centimefers

A = area of solencid in
centimeters®

n = number of turps of
wiref/centimeter

k = relafive permeability |
of core {= 1 for air,
numeric)

(This neglects the small kinetic energy due to

motion of the air and that due to the motion of
the spring S,). If the total weight of the
unclamped part of the crystal is w, (grams), one
can find the effective mass m, of the crystal as
soon as some assumption is made as to movement
of the rest of the crystal when its end moves
with velocity %, Actually, the crystal is like
a transmission llne and has an infinite number
of degrees of freedom. Practically, the crystal
is usually designed so that its first resonant
frequency is the highest passedby the microphone.
In that case, the end of the crystal moves in
phase with the rest, and in a manner that, for
simplicity, is here taken as parabolically. Thus
it i1s assumed that an element of the erystal
located y centimeters dway~from its clamped end
moves by the amount (y/h)2x,, where his the
length of the crystal. The kinetic energy of a
length dy of the crystal due to its velocity of

m = mass in grams:

T = Kinetic energy in ergs

M = inertance in grams/cenfi-
meter!

T = kingti¢ energy in ergs

! =length of pipe in centi-
meleérs

1A = areg of pipe in centi-
meters?

density of gas in grams/
centimeter®

=
it

(y/h)%x, and its mass of (dy/h)w, is %(dy/h)w,
¢y/h)*%x,%. The kinetic energy of the whole
crystal is the integral of the latter expres51on
as y varies from 0 to A. The result is %(w,/5)
%,2. This shows at once that the effective mass
of the crystal is m, = w,/5, i.e., 1/5 its actual
weight.

The dissipation function is F = %R, x?
Finally, the driving force associated *with
displacement x4 of the diaphragm is pA. Sub-
stitution of these expressions and (8) and (9)in
LaGrange’s equations (7) results in the force
equations

Mgka + Saxa  SoA%g - Sulxa — x) = pA}

meke + Splxe — xa) 4 Roke = 0 (10)

~ These are the mechanical version of
Kirchhoff’s law that thesum of all the resisting

5-8-05
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Fig. 5—Crystal microphone analyzed by
use of LaGrange's equations.

forces (rather than voltages) are equal to the
applied force. Theequivalent electrical circuit
giving these same differential equations isshown in
Fig. 5. The crystal preduces, by its piezoelectric
effect, an open-circuit voltage proportional to
the dlsplacement x,. Dy meansof this equivalent
c¢ircuit, it is now easy, by using the usual
electrical-circuit techniques, to find the voltage
generated by this microphone per unit of sound-
pressure input, and alsoits amplitude-and phase-
response characteristic as a funetion of frequency.

It is important to note that this process
of analysis not only results in the equivalent
electrical circuit, but also determines the
effective values mf the parameters in that
eircuit.

SOUND IR ENCLOSED ROOMS®
Good acoustics-«~governing factors

Reverberation time or amount of reverberation:
Varies with frequency and is measured by the
time required for a sound, when suddenly inter-
rupted; to die away or decay to a level 60
decibels {db) below the original sound.

The reverberation time and the shape of the
reverberation-time/frequency curve can be con-
trolled by selecting the proper amounts and

3F. R. Watson ‘Aconstics prui']ding-s, Y 1st ed.,
John Wiley and Sons, New York, New York; 1941,
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varieties of sound-absorbent materials andby the
methods of application. Room occupants must be
considered inasmuch as each person present
contributes a fairly definite amount of sound
absorption.

Standing sound waves: RBesonant conditions
in sound studios cause standing waves by
reflections from opposing parallel surfaces,
suchas ceiling-floor and parallelwalls, resulting
in serious peaks in the reverberation-time/fre-
quency curve. Standing sound waves in a rdom can
be considered comparable to standing electrical
waves in an improperly terminated transmission
line where the transmitted power is not fully
absorbed by the load.

Room sizes and proportions for good acoustics

The frequencyofstand1ng waves is dependent
on room sizes: frequency decreaseswith increase
of distances between walls and between floor
and ceiling, In rooms with two equal dimensions,
the two sets of standing waves occur at the same
frequency with resultant increase of reverberation
time at resonant frequerncy. Ina room with walls
and ceilings of cubical contour this effect is
tripled and elimination of standing waves is
practically impossible. The most advantageous
ratiofor height:width: length isiin the proportion
of 1:2¥8:938 o separated by 1/3 or 2/3 of an
octave.

In properly proportioned rooms, resonant
conditionscan be effectively reduced and standing
waves practically eliminated by introducing nu-
merous surfaces disposed obliquely. Thus, large-
order reflections can be avoided by breaking
them up ‘into numerous smaller reflections. The
object is to prevent sound reflection backto the
point of originuntil after several re-reflections.

Most des@rable ratics of dimensions for
broadcast studios are given in Fig. 6.

Optimum réverberation time

Optimum, or most desirable reverberation
time, varies with (1) room size, and (2) use,
such as music, speech, etc. {see Figs. 7 and 8).

These curves show the desirable ratioof the
reverberation time for various frequen01es to the
reverberation time for 512 c¢yecles. The desirable
reverberation time for any frequency between 60
and 8000 cycles may be found by multiplying the
reverberation time at 512 cycles (from Fig. 7)
by the number in the vertical scale which corre-
sponds to the frequency chosen.

Computation of reverberation time

Reverberation time at different audio fre-
quencies may be computed from room dimensions
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Fig., 14 — Minimum-discernable-
band-width changes. Curves show:

A—Plus 1 limen for speech

B—Plus T limen for music:

C—Minus 1 limen for music

D~—Minvus: 1 limen for speech

and average absorption. Each portionof the sur-
face of a room has a certain absorption coefficient
a dependent on the material of the surface, its
method of appllcatlon etc. This absorption
coefficient is equal to the ratio of the energy
absorbed by the surface to the total energy im-
pinging thereon at various audio frequencies.

Total absorption for a given surface area in
square feet § is expressed in terms of absorption
units, the number of units being equal to a,,S.

ltotal number of absorption wnits)

Uoy =

ltotal surface in square fest)

One absorption unit providesthe same amount
of sound absorption as one square foot of open
w1nd0w Absorption units are sometimes referred
to as ““open window"” or “ON” units.

_ 0.05v ‘
—S logell — agsl

where T = reverberation time in seconds, V =
room volume in cubic feet, S = total surface of
room in square feet, a,, = average absorptlon
coefficient of room at frequency under consider-

at1 Oon.

For absorption coefficients aof some typical
building materials, see Fig. 9. Fig. 10 shows
absorption coefficients for some of the more
commonlyused materials for acoustical correction.

PUBLIC~ADDRESS SYSTEMS*

Efectrical power levels for public-address
requiremehts

Irdoor: Power-level requirements are shown
in Fig, 11.
Outdoor:

Power-level requirements are
shown in Fig. 12.

*H.F. Olson, “Elements of Acoustical Engineers
ing,” 2nd ed., D. Van Nostrand, New York, New
York; 1941,

5-8-10

Note: Curves are for an exponential trumpet-type
horn. <Speech levels above reference--average 70
db, peak 80 db. For a loudspeaker of 25-percent
efficiency, 4 times the power output would be
required or an équivalent of 6 decibels. For
one of l0-percent efficiency, 10 times the power
output would be required or 10 decibels.

SOUNDS OF SPEECH AND MUSIC®

A large amount of dataare available regard-
ing the wave shapes and statistical properties
of the sounds of speech and music. Below are
given some of these data that are of importance
in the design of transmission systems.

Minimum-discernible-bandwidth changes

Figure 13 gives the increase in h1gh~
frequency bandwidth required to produce a minimum
discernible change in the output quality of
speech and music.

These bandwidths are known as difference-
limen units. For example, a system transmitting
music and having an upper cutoff frequency of
6000- cycles would require a cutoff-frequency
increase to 7400 c¢ycles before there is a 50-
percent chance that the change can be discerned.
(Curve B, Fig. 14.)

Fig. 14 is based upon the data of Fig. 13.

For any high-frequency cutoff along the abscissa,
the ordinates give the next higher and next lower
cutoff frequencies for which there is an even
chance of discernment. As expected, one observes
that, for frequencies beyond about 4000 cycles,
restriction of upper cutoff affects music more
appreciably than speech.

Peak factor

One of the important factors in deciding
upon the power-handling capacity of amplifiers,
loudspeakers, etc., is the fact that in speech
very large fluctuations of instantaneous level
are present., Fig. 15 shows the peak factor
(ratio of peak to root-mean-square pressure) for
unfiltered (or wideband) speech, for separate
octave bandwidths below 500 cycles, and for
separate /-octave bandwidths above 500 cycles.
The peak values for sound pressure of unfiltered
speech, for example, rise 10 decibels higher
than the averaged root-mean-square value over an
interval of 1/8 second, which corresponds roughly
to a syllabic peried. However, for a much longer
interval of time, say the time duration of one
senterice, the peak value reached by the sound
pressure for unfiltered speech is about 20 deci-
bels higher than the root-mean-square value
averaged for the entire sentence.

SH., Fletcher, ‘““Speech and Hearing,” lst ed.,
D. Van Nestrand Company, New York, New York;
1929, S. S. Stevens, and H. Davis, ‘“Hearing,”
J. W.iley and Sons, New York, New York; 1938.
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Thus, if the required sound-pressure output
demands a long-time average of, say, 1 watt of
electrical power froman amplifier, then, to take
care of the instantaneous peaks in speech, =
maximum-peak-handling capacity of 100 watts is
needed. If the amplifier is tested for amplitude
distortion with a sine wave, 100 watts of peak-
instantaneous power exists whenthe average power
of the sine-wave output is 50 watts. This shows
that if no amplitude distortion is permitted at
the peak pressures in speech sounds, the ampli-
fier should give no distortion when tested by a
sine wave of an average power 50 times greater
than that required to give the desired long-time-
average root-mgan-square pressure.

The foregoing puts a very stringent require-
ment on the amplifier peak power. In relaxing
this specification, one of the important questions
is what percentage of the time will speech over-
load an amplifier of lower power than that
necessary to take careof all speech peaks. This
is answered in Fig, 16; the abscissa gives the
probability of the

_ peak
long-time-average

powers exceeding the ordinates

for continous speech and white noise. When
multiplied by 100, this probability gives the
expected percent of time during which peak dis-
tortion occurs. If 1 percent is taken as a
suitable criterion, then a 12 decibel ratio of

eak
Tong- tf;e —average bovers is sufficient. Thus,

the amplifier should be designed with a power
reserve of 16 in order that peak clipping may
occur not more than absout 1 percent of the time.

SPEECH-COMMUNICATION SYSTEMS

In many applications of the transmission of
intelligence by speech sounds, a premium is
placed on intelligibility rather than flawless
reproduction. Especially importantis the reduc-
tion of lntelllglblllty as a function of both
the background noise and the restriction of
transmission-chamel bandwidth. Intelligibility
is usually measured by the percentage of
correctly received monosyllabic nonsense words
uttered 1in an uncorrelated sequence. This score
is known azs syllable articulation. Because the
sounds are nornsense syllables,
word is entirely uncorrelated with the remainder,
80 it 1s not consistently possible to guess the
whole word correctly if only part of it is
received intelligibly. Obviously, if the test
speech were a commonly used word, or say a whole
sentence with commonly used word sequences, the
score would increase because of correct gue551ng
from the context. Fig, 17 shows the inter-
relationship between syllable, word, and sentence
articulation. Also given is a quantity known as
articulation index.

_ The concept and use of articulation index is
obtained from Fig. 18. The abscissa is divided

5-8-12

one part of the .

into 20 bandwidths of unequal frequency interval,

Each of these bands will contribute 5 percent to
the articulation index when the speech spectrum
is not masked by noise and is sufficiently loud
to be above the threshold of audibility. The
ordinates give the root-mean-square peaks and
minimums (in 1/8-second intervals), and the
average sound pressures created at 1 meter from
a speaker’s mouth in an anechoic (echo-free)
chamber. The units are in decibels pressure per
cycle relatlve to a pressure of 0.0002 dynes/
centimeter®. (For example, for a bandwidth of
100 eycles, rather than 1 cycle, the pressure
would be that indicated plus 20 decibels; the
latter figure is gotten by taking 10 tlmes
logarithm (to the base 10) of the ratio of the
100-cycle band to the indicated band ofl cycle.)

An articulation index of 5 percent results
in any of the 20 bands when a full 30-dec¢ibel
rangezlfspeech -pressure peaks to speech-pressure
minimums 1s obtained in that band. If the speech
minimums are masked by noiseof a hlgher pressure,
the contribution to articulation is accordingly
reduced to a value given by 1/6 [(decibels level
of speech peaks) - (decibels level of average
noise Thus, if the average noise is 30 dec1bels
under the speech peaks, this expression gives 5
percent. If the noise is only 10 decibels below
the speech peaks, the contribution to articulation
index reduces to (1/6) x 10 = 1.67 percent. If
the noise is more than 30 decibels below the
speech peaks, a value of § percent is used for
the articulation index. Such a computatien is
made for each of the 20 bands of Fig. 18, and the
resultsare added to give the expected articulation
index.

A number of important results follow from
Fig. 18. For example, in the presence of a large
white (thermal- agltatlon) noise having a flat
spectrum, an 1mprovement in articulation results
if pre-emphasis is used. A pre-emphas1s rate of
about 8 decibels/octave is sufficient.

LOUDNESS

Equal loudness contours: Fig. 19 gives
average hearing characteristics of the human ear
at audible frequencies and at loudness levels of
zero to 120 decibels versus 1nten51ty levels
expressed in decibels above 107'® watt per square
centimeter. Ear sensitivity varies considerably
over the audible range of sound frequencies at
various levels. A loudness levelof 120 decibels
is heard fairly uniformly throughout the entire
audio range but, as indicated in Fig. 19, a
frequency of 1000 cycles at a 20-decibel level
will be heard at very nearly the same intensity
as a frequencyof 60 cycles at a 60-decibel level.
These curves explain why a loudspeaker operating
at lower-than-normal level sounds as though the
higher frequencies were accentuatedand the lower
tones serlously attenuated or entirely lacking;
alse, why music, speech, and other sounds, when



reproduced, should have very nearly the same  orchestra, for example, should be reproduced at
intensity as the original rendition. To avoid  an acoustical level during the loud passages of
perceptible deficiencyof lower tones, -a symphony 90 to 100 decibels.
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j PRACTICAL DESIGN OF VIDEO AMPLIFIERS
) By Elliott 4. Henry
(Reprinted through the courtesy of the RG4 Victor Division, Radio Corporation of dmerica.)
Revised 1949 by Mr. Henry, now with Globe Products Corp., Brildgeport, Cont.

In the past few years many excellent
artlcles and papers have been published in
varlous technical magazines on the subject of
video amplifiers and the many types of com=
pensatlon used to expend the frequency range
of reslstance-gapacity-coupled amplifiers. The
majority of these articles have dealt with the
mathematical analysis or Have had primarily a
theoretlcal approach. A few have presented a
generallzed Ilntroductory dlscusslion of the
subjJect. It seems that a wlde gap exlsts 1in
the published Information on this subject. It
18 the intent of this artlicle to attempt to
-~ bridge that gap by presenting practical design
data for video amplifiers. The mathematics
wlll be kept to simple algebra. Stuch other
information as 1s pertinent to the .subject, for
example, some data on vacuum tubes, wlll be
Included for the sake of completenesss

If the underlylng causes of trouble or
limitations of performance are thoroughly uhder-
stood, 1t will be easier to comprehend the
methods of overcoming these limitatlons. We

" shall,,-therefore, commence this article with
a discusslon of the factors limiting the fre=
quency rafnge of the conventlonal RC (resistance~
¢apaclitance) coupled amplifier.

As pentode tubes dre dalmost universally
used In video ‘ampliflers, the following dis~
cussion will be based primarlly upon their
uge and on the assumptlion that the value of
the grid resistor 1s much greater than the
plate load impedance, 48 1s -the case 1n video
amplitiers. However; as trlodes are occaslon=
ally used, sufficient data are lncluded to
cover the compensation of triode amplifier
stages also. ‘

In order better to understand the fre~
guency response limitations of conventional
R~C coupled amplifilers, let us examine the
plot of output voltage versus frequency, Flgure
2, of a typical amplifler stage, Flgure 1.

At Fo» zero frequency, the output voltage
1s zero. As the frequency 1ls 1lncreased,; the
output voltage rises to a maxlmum somewhat
higher 1n frequency than F3, remalns essentlally
constant until thie frequency ls somewhat lower
than F3, and then continually decreases as the
frequency 1s further Increased. The two fre-
quenciles, Fi and Fz, are considered the useful
1imits of the pass<band of an audlio frequency
amplifier and are the frequencles at which
the output of the amplifier 1s 70.7% of the
output at the mid-frequency range. Thls loss
0f response, or output, of the amplifler at

FIG. 1. Conventional R-C coupled umplifier stage.

166 To

0%

AMPLITUDE

Fo Fa Fr

FlG. 2. Gain-Frequency plot of Figure 1.

Fi and lower and at Fy and higher both result
from the change of reactance (X¢) ©f condensers
with the change in frequency. Elther the high
or low frequencles will be attenuated, depending
upon the location or function of the varilous
condensers; lnhcluding stray and clreuit capa-
¢ilties., In order to demonstrate this more
clearly, hilgh &and low frequency attenuation
wlll be consldered as separate problems.

Unequal galn in an amplifler is referred
to as frequency distortion because a complex
wave 1n passing through the amplifler will have
1ts wave shape altered, or dlstorted, 1f all
of 1ts harmonie comporents 4o not receive the
same degree Of amplification. If the phase
delay 1s not proportional to frequency, the
wave may be further distorted. This 1s called
phase distortion.

In the following discusslon major emphasis
has been placed on the frequency response rather
than the phase characterlstic of amplifiers.
This hdas beén done for two reasons: First, to
keep the mathematics to simple algebra; second,
an amplifler compensated in accordarce with the
deslgn data hereln presented will be corrected
for both frequency and phase dlstortion and 1t
1s perhaps easler to visuallze results in terms
of frequency response rather than phase charac-
teristice The importance of the phase charac-
teristic of a video amplifiler ¢annot be over
emphasized. For example, an amplifier stage
with a response curve such as Figure 2 would

5-9-01



not be sultable for video work as the phase
angle would increase 45% at Fy and decrease
45° at Fp from the mid=-frequency value and
therefore & change 1n the phase angle of §09
over the operating range Fy and Fz. Qeneral
practice Indlcates that the frequency response
should not drop more than 2% of F{ and F; In a
video amplifier 1f these frequencles are to be
¢ongidered the limits :0of the useful pass band
of the amplifier.

LOW FREQUENCY ATTENUATION

Low frequency attenuation; or low fre-
quency distortion as 1t 1s sometimes called,
may be Introduced in any one of four places
or any combination of the four. Referrlng to
Figure t, these four places or networks are:
the grid resistor—condenser coupllng network;
Ry-Cy Or Ry-Cy; the cathode resistor by-pass
¢oridenser network, Rz-C2; the screen resistor
by-pass condenser network, Rs~C3; and the In=
ternal Impedsnce, 2y, of the power supply. How
the grid resistor-condenser comblnation dcts %o
reduee the galn at low frequencles may be seen
by referring to Figure 3.

FIG. 3. Grid coupling network.

With E constant, the Voltage, ¥, Ilmpressed
across the grid to cathode may be expressed

as‘%~and 1s equal to the resistance, R, divided
by the lmpedarice of R and ¢ or:

R
2—+——

— v
VR F X2 E

(Eq. 1)
As the reactance ¢f a condenser 1s lnversely
proportional to frequency, the ratio of resis-
tance to Impedance, and thus-%i decreases as
the frequernicy decreases. This means the volt=
age avallable to drive the followlng stage 1s
leéss at the low frequencles than at the high
frequencies; -and with thé galn In the tube
equal at both frequencles, the output voltage
will be down In the gsame proportion as the

input voltage, This ratio—%L expressed 1in
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percentage; is the coupling efficlency of the
grid resistor-condenser combination. For ex~
ample, let us assign values to R and €, Flgure
2, and with a constant voltage, Ejp, See how
¥ varies with frequency.

II (H :‘ .05 ufds
R = 260,000 ohms
Eyn & 10 volts

and the two frequeicles are

Fy = 30 cycles
Fa = 1000 cycles
then at Fp: X, =_ 1 = 3184 ohms,
2m FC
From Equation 1:
N Xt 250000
10 /625 X 10° 4 10.1 X 10° 250,020

Therefore, ¥ =¢ 10 volts or & coupling et-
flcilency of practically 100% at 1000 cycles.

A% F1:
, X, = 10.6 X 10* ochms
v 25 X 10¢ __B
10 V625 X 108 4~ 112 X 108~ 272 ~— 7
So ¥ = 9.2 Volts and the coupling efficiency

1s 92% at 30 cycles. Therefore, the output
voltage of the stage will be 8% lower at &0
cycles than at 1000 cycles, other factors being
equal.

Low frequency dlstortlon may result from
the cathode resistor-condenser combination,
Rg~Cy of Figure 1, Thils results from degeners-
tion, as the Impedance in the cathode circ¢uit
will vary with frequency, and the gain of a
stage with cathode degeneration i1s reduaced by
the factor:

1

14 G Zk,‘ (Egq.2)

In other words, the galn of a stage, other
things being equal, 1s:

1 A
14+6GnZ, 1+Gu%

(Eq.3)

where A4 1s the actual stage galn, and
Ag ls the stage gain without degeneration,
Gy 1s the mutual conductance in Mhos,
Zk 1s the cathode ¢lrcult Impedance {(impe-
dance of Rg=C2 1 parallel) In ohms.



This Impedance, Zy, 1s detalled in Flgure 4

and 1s glven by:
. R X,

T VR F X2
(Eq.4)

FIG. 4. Equivalent cathade or plate load network.

Thuswif, in Flgire 1, Rz was 1000 ohms, €p was
10 ufd., 6, 5000 umhkos, and the stage galn
without degeneration 10, the actual galn at
1000 cycles would be:

Xez = 159 ohms at 1000 cycles

1000 X 159 15,900
I = == = —X—— == 159 ohnu
\/10° + 253  1000.125 onm
10 10
A = — — = — = 9.25
T 5 005X150 ~ 1.4 .0195 = 2

or a loss of gain at 1000 cycles of 7.5%. Now
letts see what the galn of the same stage 1s
for a frequency of 20 cycles.

Xgs == 800 ohms at 20 cycles

_ 10° X 800 8 X105
T V/T0° F 64 X 10+ /164 X 10F
8 X 108 y
s = . _ w0
T 1 4.005X625 14 3125
LU
4.125

Thus, the output of the stage under these con-
divlons will be only about one-fourth, at 20
cycles; of the output at 1000 ¢ycles.

The effect of R3-C3, Flgure 1, Is similar
in effect to the results of cathode degeneration
mentioned above; but as the screen current is
only about 10% of the plate current and the
screenplate transconductance only about 12% of
the control grid, or cathode, to plate trans—
conductance, the éffeet 18 much smaller and
can usually be made negligible by making the
time constant Qf Rg-Cg at least three times as
long as the period of the lowest frequency it
is desired to passs

Re w3 L
Or, TC =RC > 3 F (Eq.5)

where € 1s In farads,
R 1s 1in ohms,
F 1s the lowest frequency in the pass~band

The total Impedance of the screen circilt is
essentially the reactance of €3; and; whereas
in the case of cathode degeneration, 1f the
product of Gy Zk equals ones the galn will be
reduced 50%, the effect of the screen 1s so
much less that a reductlon of galn, at the
lowest frequency, of only 2% would result 1f
G, Zs equaled 2 (Gm belng the control grid-
plate transconductance)s

For example, a 6F6 1s desired to pass 30
cycles (Flgure 1).

Zs == XC& then X'Qg Gm = 2

2 2x100
Xog = —G—m = om0 = 800 ohms,
Xy = 800 ohms at 30 cycles — 6.64 ufd.

We would use the next larger commercial size,

or 8 ufd. To determine Ry:
13 ,
RC=3 = = = —=.1
F F 30
! 1 X 106 s ’ ‘
B = %ﬁ’ = -1-8--‘— = 12,500 ohms

Therefore, we would use a value of 12,500 ohms
or larger for Ry

In the event that the value of the streen
voltage dropping reslstor, R &s determined
above, should be too large to allow the proper
gGreen current, R may be set by screen require-
ments and the by-pass condenser €, determined
from equation 5 using R as selected ard solving
for €.

The fourth place for low fregueticy distor-
tion 1s the internal Impedance of the power
supply, Zps« Unless a regulated power supply
of the electronic type 'ls used, the lmpedance
is essentlally the reactance of the output
filter condenser and will vary with frequency
as outlined previously, A method for making
the effect of thls Impedance negllgible 1s the
use of R-C fllters. Thes¢ fllters, 1f properly
designed, may also provide correctlon for elther
Ri~C1 OF Rp=Cz, Flgure 1, but not both at the
same time. Desligh data for these correction
networks 1s glven in the gection on low fre-
quency compensatlon,

LOW FREQUERCY CORRECTION
0f the four places or networks at whlch
low freguency distortion may be introduced,

two, R3~C3 and Zy, can be made negllgible by
proper design. In addltion to making negligibie
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the interndl impedance of the power supply, we
may correct for elther Ri-Cy or Rz-CZ by the
addition of an R-C filter, C5-Rg, Flgure 5.

FIG. 5. Amplifier stage with low frequency correction network
(Re-Cs).

To correct for Ri-C§y Or Ry-Cy: Make tHe grid
resistor (Ry orf Ry) as high as permlssgible;
500,000 ohms 1s a convenlent value. Make the
coupling condenser (Cg or Cy) a nominal value
such as »1 ufd. It ls desirable to keep this
value high but care must be taken to avold
making the capaclty too large or trouble may
be encountered from leakage and "hang over*
effects. Now make the time corstant of the
grid resistor-condenser (Ry~Cf Or R§=~C#) equal
to the time constant 0f Rg-Cs and make Rg
greater than 20 times the reactance of Cz at
the lowest frequency 1t 18 desired to pass., For
example: If 1n Figure 5 we Take Ry equal
500,000 ohms, €y equal .1 ufd., Rs equal 1000
ohms, and deslire to provide correction to 30
cycles, then the time constant of Ry-Cy will
equal .05 seconds or 50,000 ml¢reseconds.
Leéaving the Tc¢ in uts, wlll give our answer
directly In ufds.

TC = RC = .1 X 500,000 = 50,000
. 50,000 ;
Cyo= 22— 50 ufd,
anclk 1,000 ufd.
and Rg > 20 X5 at 30 cycles = 20 X 106 = 2120
ohms or greater.

What actually happens 1s that as the voltage
4a¢ross Ry décreasés, as a result of the rising
reactance of €y (as the frequency 18 decreased),
the reactance of €s also Increases and as a
consequence, the parallel Impedarce 0f Cg-Rg
1s added to Rs ds part 0of the plate 1load im
pedance, Where the plate load 15 small 1in
comparison to the plate resistance, the gain
from grid to plate 1s glven by:

_ (Eq.6)
A T C6n Zp
A 15 the stage gail,
6p 1s the transconductance in mhos,
Zp 1s the plate load impedance.

where
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As we have made the time constants of Cyx-Ry
and €s-Rs equal, the voltage across the plate
load impedance wlll rise 1n proportion to the
loss of voltage across Cy and the voltdge across
Ry will remdln constant.

It mlight be pointed out that although at
times 1t 1s expedlent to make elther Cy OT Ry
somewhat lower 1n value, such as to use a stand—
ard slze gapacltor for Cg, thls should be done
with cautlons If the values of €y or Ry are
reduced, the amount of correction necessary is
increased and errors become magnlfied. Good
practice demands good design first so that
mninlimum ¢orrection need be used.

It 1t 1s desired we may use Cs-Rg tO com~
pens4ate for the frequency distortlion of Rg-C2
Instead of Ry~C4. To see how thls can be done
refer agaln to Figure 5+ It has been pre-
viously shown thHat the lmpedance 1n the cathode
cireult varles with frequency; and therefore,
the AC voltage developed across this Impedance
will be, according to ohms lawsy

E = 1z {Egq.7)
and, therefore, a functlon of frequency. This
voltage will appear across the plate load re-
sistor, Rss; amplified by the stage galn. Now
the plate current f£lows through both Ryp-Cy
and R¢-C8s; =0 the same kind of distortion will
De generated in both circults if the time con~
stants are equal; but as the current flows
through these networks in opposite directions,
the dlstortion across Rs, resulting from R2-Cas
will be cancelled by the distortion from Cg=-Rgs
1f the distortion components are equal In mag-

niltude, This condlition is met when:
Cs R ‘
and =-— % = A
an C5 R2

where A gqguals the stage galn as defined in
Eguation 8 for pentodes and Equatlon 11 for
triodess For example, 1T we agsign values
of 200 ohms to Ry (Flgure 5), a nominal value
of 100 ufd. to €z, and a stage galn of 10, and
wish to determine the value of Cg and Rg then:

Cz 100 _ ) ;

— = = 10 Cs = 10 ufd.

C, Cs so Cy i

B = —Bi = 10 s0 Rg = 2000 ohms
Rs 200

The second condition may be checked by sub—
stituting in Equation 8:

200 X 100 = 2000 X 10
1L =1



Therefore, both conditlons have been met. There
will be no frequency distortion from plate to
ground resultlng from Ry-Cz; and the phase delay
will be proportlondl to freguency. However,
more about the phase deldy later.

We mow find ourselves in the positlon of
being dble to make two of the four clrcuits
causing low frequency distortion negligible
and belng able to compensate for elther of
the other two but ndt both. Now wlthout com-
pengating, a8 previously explalned, the only
way of minimlzing the effec¢ts of tle couplling
erfflclency of Ry-Cy Or Ry-Cys, Flgure &; 1s Dy
incéreasing the values of elither the resistor,
condenser, or both. There are 1imilts as to
how far this can be carried, and generally the
regctance of the coupling condenser cannot be
kept low enough, at the lowest frequency; to
glve completely sdatisfactory results. 8o it is
generally good practice to utilize Cg-Rg tO
compensate for R{-Cy Or Ry-Cy and use other
feans to minimize the effects of Ryp-Cy, Flgure
S

There are three methods generally used to
accompllsh thls. First, ellminate Rz-C, ground
the cathode direstly, and apply flxzed blas to
the tube through the grid reslstor. Seécond,
eliminate the cathode by-pass condenser, Cp,
and accept the consequent loss In stage galn.
The galn will be reduced by the factor glven
in Equation 2; but the reduction in gain will
be constant at all freguencles; s0 with other
factors belng egual there will be no low fre=
quenicy distortion. The third method Is to make
Cp very large and accept what comes outs This
1s not as bad a8 it sounds, since 1000 ufd. low
Voltage electrolytics are avallable at reason-
able costs and certalnly cost less than an
additional stage which might be required to
bring up the overall galn of the amplifler.
The reactance of a 1000 ufd. condenser at 30
¢ycles 1s 5.31 ohms and 1n the average clrcult
will cause negligible distortions

H1GH FREQUENCY ATTEHUATION

As we have seen from the foregoing, thiere
are four places, or networks, in the conven-
tional amplifiér at which the low frequency
output may be restricted; and actually only one
place that correctlon may be applled (the others
however belng made regligible). The opposite
1s true for the high frequency limitations. We
have only one (or what may be summed up and
treated as one) place, Or network, responsible
for the reduction of output at the Higher fre-
quencles (Fy and higher in Figure 2), but we
have a cholce of several correction clrcults.
For an explanatlon, let's take another look at
Flgure 4. We have a reslstance, R, 1n parallel
with a capacity, C. The Impedance of this
network is glven by

;. _RXX.
T VR X
(Eq.9)

and, therefore, the impedance z will be g
function of frequency. Now 1f we let R, Figure
4, represent the plate load resistance of an
amplifler stage such as Ry in Flgure 1 and ¢
represent, the total shunt reactance adc¢ross this
load resistor such as Cy in Figure 1, we can
calculate the effective load lmpedance for any
frequency. Eguation 8 shows that where the
plate load impedance is much less than the plate
reésistance of the tube, the galn of the stage
18 directly proportional to the plate load
impedance. 1In other words, If the Gy of a tube
1y ¢,000 unhos and the load impedance 1g 1000
Ohns, the galn would be 93 while 1f the load
Impedance were ralsed to £000 ohms, the galn
would bé 18. It 1s thls shunt reac¢tance in
parallel wlth the plate load resistor that
limlits the high frequency response of the am=
plifier. This Feactance 1s composed (Figure 1)
of the output capaclty of Ty plus the itnput
capaelty of T, plus the stray ecireult capacity,
and summed Up as GTo

CIRCUIT AMD STRAY CAPACITIES

Before taking up the problem 6f compensat=
{ng for this eonditlon, methods for determining
7 should be distussed, as 4ll systems of high
frequency compensatlon depend upon accurate
knowledge of this capaclty.

The input capacity, €ips 0f a tube 1is
defined as the capacity from the grid to all
other elements and the output capacitys Cowt,
of & tube ds the capaclty from the plate to
all other elements. This 1s emphasized be-
¢ause of the usual practlce 1n tube mafinals
of listing thé statlc¢ inter-element cdpacltles
0f trilodes and summing the cdpacitles up 1into
Cin and Cey¢ for multi-grld tubes, 4 good
reason for this 1s that the dynamic capacltiles
of triodes are more subject to varlatlons than
sereen-grid tubes, Therefore, when dealing with
triodes, Temember to add the grid=place, Cgp.
cdpaclty to the plate-cathode; Cpk, capaclty to
determine the total output capacity, Cguss OT
Tor triodes;

C’out = Cp‘k -+ Cgp

In the case of a 8J5 where the tube manual lists
Cpk a8 3.6 uuf. and Cgp as 3.4, the output.
capacity will be 3.8 + 8.4 = 7.0 uuf.

In determining the effective, or dynamic,
Input capaclty of a trlode, the *Mlller Effect®
must be considered., When & triode 1s acting
ds an smplifier, the grid and plate voltages
are out of phase. Thdt 1is, 1f the grid volt-
age 1s changed one volt in the posltive dirsc—
tlon and the galn 1s ten, the plate voltage
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willk decrease ten volts., This glves a net
change 0T eleven volts between the grld and
plate and results 1n a capacity current in the
grid circult eleven times above the normal
capacity current. This 1s known as the ®Mlller
Effect,® and from the above 1t c¢an be seen that
the dynamic input capacity 1s a functlon of
the stage galn. The dynamie Input cdpacity of
a tricde 1s given by:

‘in = CL’k )g, ! -A i N
Co=Cot | G (1 } o 10

where Cin 1s the dynamic input capaclty.

Cgk 1s the capacity from grid to cath-
Cep 18 the capaclity from grild to plate,
& 1s the stage gain,

From Equation 10 1t 1s evlident that the
stage galn must be known befdre the dynamic

input capaclty can be determined. The galn
of a triode 1s given by:
HZL
A = E n
Zr, + Re (£q.11)
where A 1s the stage Eainy‘

u 1s the amplification factor of the
tube,

Zy 1s the plate load,

Rﬁ 1s the plate resistance of tube.

For example; determine the stage gain and
dynamic input capacity of a 6J5 working into a
20,000 ohm plate 1load. From the tube manual
the plate resistance 1s 6700 ohms, u 1s 20,

Cgk 1s 3.4 uuf., and Cgp 1Is 3.4 uuf. .
From Equation 11:
(Zr, = Ru)
20 X 2 X 10* 4 X 10°

— = 15
2.67 X 104

C 2 X 10% + 67 X 102

From Equation 10:

G = 34 +I: 3.4 (1 +15):]: 3.4 4 544 —57.8 uuf,

which 1s quite an increase from the statlc
¢apacities,

Where the load of a triode 1s 1n the cath-
ode instead of the plate ¢ircult, cathdde fol-
lower stage, the dynanic 1nput capacity 1s

. glven by Equation 31 In ‘the cathode follower
section. The grid to cathode capacity Cgy of
any amplifier tube 1s modifled, where cathode
degeneration exlsts, by the factor 4 + Gy Ry
where the cathode 1s unby-passed, and 1 + Gy 2k
where the cdthode 1s partlally by-passed and
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Zy glven by Fquatlon 4. This reductlon factor
1s seen to be the same as for the reauction
Of galn with cathode degeneratlion.

1 Cey
o = T 6z, “1+6nty
(Eq.12)
where Cg¢f¢ ls the effective capacity grid

to cathode, Cgx
Cok ig the grid to cathode capaclty
without degeneration,
6, 1s the transconductance .1in mhos,
Z,  1s the cathode lmpedance,

In & pentode 1f the screen 1s by-pessed to the.
cathode the entire Iinput capacity may be de-
generated. This, however, reduces the ef-
tectlve shilelding of the screen grid. For
example, determine the dymamlc input capaclty
0f an 1852 with an unby-passed 180 ohm cathode
reslstor (Zx = Ry).

From Equation 12

- no o ounu
T14.009 X 160 1 4+ 144 244

Cese =4.52 uuf.

With the screen by-passed to ground the ef-
feetive 1nput capaclty would be ahout 10%
higher, -

Determining the stray capacity 1s perhaps
the hardest Job. There are no hard dnd fast
rules for determining these strays. Sometimes
the capacity of individual components to ground
are measured and summed up but genérally they
are estimated as ¢lose as possible, which may
involve a bit of "cut and try. ® Nominal vari-
atlions are usually compensated for in critlcal
or very wlde band ampllifiers by making the
mpeaking coll® with a variable hi-permegbllity
iron core and adJustlng the Ilnductatnice during
allgnment of the anplifier. A close approxl-
mation of the stray capaclty is 10 to 15 uuf.
in a well-designed layout.

Another method of determining Cyils by
measuring the galn 6f an uncompensated ampli-
fler stage; Flgure 1, 1n the mid-freguency
range (between Fy and Fa, Flgure 2) and then
measuring the frequency at which the galn drops
to 70.7% of the mid-frequency galn. This will
be Fp in Flgure 2. In an unhcompensated ampli~
fler the magnitude of €y that, wilth a given
plate load registor, will causé the gain of the
amplifier to drop to 70.7% of the mld-frequency
galn, Fy, Flgure 2, 1s glven by:

1

b= 9 FR

{Eq.13)



where Cy 18 In farads,
¥ 1s 1n cyclesy
R 1s in olms.

Essgentlally this states that when the
shunt reactance across the plate load resistor
and the resistor are equal, the response will
&;bp 10 70.7% 0f the mld=-range value {Equation
4),

For example, by using the circuit 1in
Figure 1, with Rg 1000 omms, and a wlde range
vacuum tube voltmeter connected from plate to
ground, we tould determine cT*by‘measuring the
voltage across Rg, wlth a constant Voltage
input to the grid of T4, around 2500 cycles and
then Inecreasling the frequency until the voltage
was 70.7% of the initlal value. Thls frequency
¢an then be substituted in eguation 13, and we
cen solve for Cye The Cp thus determined will
in¢lude the input capacity of the vacuum tube
Yoltmeter and this vacuum tube Voltmeteér input
capac¢ity must be subtracted from the calculated
€y« In order to minimize errors on the Input
voltage to the grid Of Tgy resulting from shunt
Tegctance across the grid, Ry should be made
very 16w ih valie, B0 to 100 ohmg, while making
the measurements.

As d practical exampleé, 1 we proceed as
above and measure 10 volts across Ry at 2500
¢ycles and 7.07 volts at gme., then substituting
1n equation 38:

1012 10%

b = ) (108 T 1256

— 79.6 uuf.
6.28 X 2 X 10° X 108 u

But we must subtract from this capacity the
¢apacity of the vacuum tube voltmeter and as-~
suming the vacuum tube voltmeter capaclty to
be 22 wuf., ¢ will equal 79.6 minus 22 or.57.8
uuf. This value will Include all eireult and
gtray capaclty, and may be used as the basls for
ealeculating the nhigh frequency compensation
networks, as outlined later. When the peaking
¢coll is added to the «clrcult, care should be
used in 1ts mounting to disturb the circult as
little as possible. 4 good practice is tp have
4 peaking coll of the same physlcal size mounted
in place bwt shorted out during the above
measurements. If the peaking coll 1s placed
as in Flgure 8, the effect 0f the capdclty to
ground of the peaking coil 1s minimum.

HIGH FREQUEHCY CORMPENSATLOH

In 1low frequency conpensation we found 1t

necessary to make the plate load Impedance, and
congsequently the voltage galny rilse in propor-
‘tlon to the loss in voltage across Oy, Figure 5.
In high frequency compensation, however, 1t 1s
necessary to keep the plate load impedance, and
thus the stage galn, constant over the desired
frequency range.

One way of accomplishing this 1s to add an
inductive reactance to the plate load network
to tolnteract the effect on 1lmpedance, of the
change of capaclitive reactance with frequency,
of the shunt circult and stray capaclity. Such
& network 18 shown In Flgurg €, and 1ts im-
pedance can be made essentlally constant, from

FIG. 6. Basic shunt peaked network.

Zero frequency up to any freguendy where the
network proportlons are such that the re-
actance of € 1s equal to the resistance of R
and twlce the reactance of L. The Impedance
of thls network 1s glven by:

R? 4 X.?
X — Xo)¥

Z_X’i/R?

(Eq.14)

Actually 1f a plot of impedarce Versus
frequency ls made, using the proportlons above; .
1t wilk be found that the Impedance beglns to
rige at a frequency .2F where F 1s the chosen
correctlon frequency and gradually rlses as
the frequency 1s 1ncreased to approximately .6F
and then decreases, becoming equal To the low
treguency impedance at F. The magnitude of
this 1lncrease 1s about .5% 4t .2F and 3% at
.8F, TFor example, 1f we assume F tTO De 5 TCe.,
€ 1o be B1.8 uuf., L to be 15,9 uh, and R to
be 1000 ohms, the Impedance, Figure 8, will be:
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3 155 X 106
I F B X0 /125><1o

125 X 105

At 5 me. X, = 1000 chms
Xp = 500 ohms
2 = 1000 4/ =365 (1000-500)°
= 1000 v/T = 1000 ohms
At 4.5 me. X, = 1112 ohms
Xy, = 450 ohms

5 oo /105 2025 X 106
£= 1112‘1/ 10° + (1112:450)% —

- /12025 X 10°
L1z "/1«.4382‘5 X107

= 1112 v/ .834 = 1112 X .913 = 1016 ohms
At 3 mi, ‘( = 1668 ohms
X 300 ohms
106+9><1o e /7109 X 106
4 = 1668 %/ T0° T (166830002 = 1098 4/ 587155 X 10°

= 1668 \/ ;3’7966 = 1668 X 616165 = 1027 -ohms

At 1 me X,
'X‘L —_—

= £000 ohms
100 ohms

108 4 10¢

1.01 X 10°

Z — 5000 /%/

10° & 2a.0t X 100 — 200 \/

2500 X 100

= 5000 v/.040384 = 5000 X .20l = 1005 ohms

This plate 1oad network 13 a parallel resonant
c¢ircult of very low ¢ and we are actually work-
ing along the resonance curves By increasing
the correction fregquency, F, the llnearity
over a desired frequency range can be made
almost perfect at a sacrifice of gain. Deslgn
data for this is covered under "Shunt Peaking. !

Génerally speaking,; hligh frequency com-
pensation of amplifiers 1s based upon wave
filter theory, and the more complex the filter
useds, the higher the gain. The moTe complex
types of filters are usually used where highest
possible galn or very sharp cut—-off character-
1stic are of prime fmportance. The most widely
used types of high frequency compensatlon are:

1. Shunt Peaking
2, Berles Peaking
3, Combination or Series—Shunt Peaking

The galin of the different types are in the
order listed above, wlth series peaking giving
50% more gain than shunt peakling and comblna-
tlon peaking giving 80% morée galn than shunt
peaking. Combinatlion peaking ls widely used
as the best compronise between maximum galn
and slmplleclty.

SHUNT PEAKING

Referrlng to Flgure 7, there are three
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components which we dre interésted in; 1in order
Lo extend the high frequency range of the stage.

T2

[kl
A

]
=

FIG. 7 Shunt penked stage:

These are labeled €f; Riy and Ly« Cy can be
determined by the methods previcusly outlined.
Rt 1s made equal to the reactance of Cy at the
highést frequency of correction. Lét us label
this frequency F.; then:

Ry = Xcy at F, (Eq.15)

And Lq 1s such that 1ts reactance at F. 1s one-
half of Xgy at Fey oT:

. XCT ) )
X1y = ED at F, (Eg.16)



R ‘ .
or L, = 4’”1}? (Eq.17)
a Lo

~F0r example; suppose 1t 1s desired to extend
the bandwidth of the stage In Flgure 7 to 5-
megacycles and Cy was 25 uuf. Them:

= - 20 1973 ohms
6.28 X 5X 108 X 25 X 10—12 = 1273 ol

Xop

785

Therefore, Ry equals 1273 ohms (Equatlon 15)
and:
1273 _ 1273
L1=1956 X 5 X 10° 62.8 X 10°
Ll = 20»3 uh.

= 20.3 X10—Shenries

The stage gain, given by Equatlon 8, assuming
Ty to be an 1858, wlll be 1273 times .009 or
11.46. Equations 15, 18 and 17 are satlsfactory
for shunt peaking where only one or two stages
are required. Actuslly the response, using
These formulae, at Fo is the same as the low
frequency response, but there Is gbout a 3%
rise in ouspit somewhat lower in frequency than
Fge Shunt peaking can be made nearly perfect
1f £, 1s made abolt 40% gredter than the high-
est correction frequency desired. As this
would result 1n & reduction in gain of 30%;
an accepted compromise 1s to deslgn for a re-
duction in galn of 15%.

If a conservative deslgn 1s desired, or
several stages are to be cagcadedy; the follow=
ing formulae may beg used. St1ll referring
to Figure 8, Equatlon 15 may be replaced by:

Ry = .85 Xcp at T, (Eq. 18)
and Equation 17 may be replaced by:
(27 F,)2Crp (Eg. 19)

If we recalculate the previous example, Ry
and Lg would be:

R; = .85 X 1273 = 1080 ohms

Ly

; 3 3 ,
T (6.28X5X1061225X10—12  (3.14X107) 225X 10— 12
3X10° 300

= eee—e— o —— == 129 uh,
0.85X2.5X10%  24.6

and the stage gain will be 009 X 1080 = 8.72.
SERIES PEAKING

The basic circult of a series peaked stage
18 shown in Figure 8.

P
-],l—- —_—— e —
an
-
I o)
Y
WA

Cr=Cl&L2

By =

FIG. 8. Series peaked stage.

Here agaln we are Iinterested 1In three compo~
nents, Ly, Rgs and Cy, broken down lnto €y and
Cys Cp can be determlned by the methods previ-
ougly outlined; but in additlon to kiowing Cy,
we want a 2/1 ratlo between C§ and Cp; although
the ratlo may be reversed by moving Ry to the
opposite glde of the coll Ly, Flgure 8. The
rule 1s to keep the load resistor on the low
capaclty slde of the filter: (See Figure 9.)

Cr=1Cl +C2

FIG. 8. Series peaked stage.

Usually, with & bit of Juggling, the
ratlos mgy be kept close to 2/1. For instance,
the coupling condenser, Cgs could be moved to
the plate side of Lg, Flgure 8, thus shifting
The capaclty to ground of C¢ from Cz 0 Cj«
Referring to Flgures 8 or 9:

CT ':-Coux: of Ti e Cjn Of Ta - Cgﬁ-a‘y =C1 -+ Cg (Eq. 20)

Cs =2C; (Eq.21)
Ly=— &= 67 Cy Re? (Eq.23)

2(r Fo)?Cy

In using Equatlon 23, 1t 1s suggested that the
second portlon be tsed, that is, where €y 1s
used to determlne Ly, because Cy ls more im-
portant than the division of €y and €y 1n the
compensation network and in all probabillty
less error will be made In determining Cy than

€y
5-9-09



For example let Us calculate Rys Ly, and
the stage galn of Flgure 8, assuming Ty to be
an 1852, Fe Lo be 5 mec., and €y to be 30 uuf.,
wlth ¢; = 2¢4.

Then from Eguation 22:

Ri = 1.5 Xer = 1.5 X 1060 = 1590 ohms

And from Equatlon 23

Ly == .67 X 30 X 10—'2 X 1590 = 51 X 10~8 henries
Ll = 51 uh.

And the stage galn will be:
A = Gy ZD == .009 X 1590 = 14.3

The serles peaked network ls characterized by
a gharper cutoff and a more llnedr phase char~
acteristlic than the shunt pedked network

SERIES-SHUNT OR COMBINATION PEAKING

Combiratlon peaking, as 1ts name implies,
1s a combination of shunt and serles peaklng
.and has & still sharper cutoff than series
peaking. Here agaln our problem 1s simllar to
seriles peaking In that a 2 to 1 division of the
capacity Cy 1s required for best performance
0f the stage. The same rule applles on the

location of the load resistor; that 1s, place
the load reslstor on the low capacity silde of
Lg- (Bee Pigures 10 and 11).

CT# €l +C2

FIG. 11. Combination peaked stage.
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Ry and Ly may be Teversed, and usually 1t
1s desirable to do this as the stray capacity,
whlch composes part of Cy and €3s would be
smaller with & reslstor connected to elther
side of Ly than 1f Ly were s0 connected (smaller
physical size, primarily).

Referring to Flgures 10 or 11, the design
criteria for comblnation peaking 1si

Cp = G + G

Co = 203

L; = 12X Cr X Rye? (Eq.24)
Ly = 52 X Cp X R (Eq.25)
R; = 1.8 Xcp at F, (Eq.26)

If requlred, start with Ry == 5R1 by experiment.

A high distributed capacity in coil Lg or
iImproper ratio between C{ and Cp may catise &
rise 1n response 1n the higher freguency por-
tion of the pass-band. This rise can usually
be flattened out by the addition of the reslstor
Rz, Flgures 10 and 11, to lower the @ of La-
The exact value wlll have to be determined by
experliment In each case. A good starting value
1s about five tlmes the value of the plate
load resistor.

As an example, suppose we use the &game
speclificatlons we used In the example for serles
peaklng, 1in calculating Li, Lz, and Ry, Flgure
10!

From Equation 28:

Ry = 1.8 X 1060 == 1908 ohms
From Equatlion 241

L; = .12X30X 1012 X3.64 X 106=13.1 X 10~¢ H. =
13.1 uh.
From Equation Zb:
Ls = .52X30X10-12X3.64 X108 =56.7 X 10—° H, =
56.7 uh.
And the stage gain is:
A — 009 X 1908 = 17.17.

THE HIGH PEAKER STAGE

» One problem usually ercountered In trans—
ferring the video voltage output of an Ieono=
scope into the grid of the first amplifler stage
Is that of getting the maximum signdal to nolse
ratlo. The most gatlsfactory method for ac-
complishing this 1s to provide the highest
possible signal input into the grid of the

rirst amplifier stage wlthout regard for fre-
quency distortlon, then carefully preserve



Fl G.12. “Hi-Peaker” stage.

this distorted signal while 1t 1s belng am-
plified in one Or two stages, dnd finally
introducing a complementary network that glves
equal and opposite dlstortion to that generated
by the Input networkK, With frequency compo-
nents from 30 ¢ycles Lo about 4 mc. 1n the
output signal of an Iconoscope, developed
across Ry 1n Flgure 42, 1t 1§ readily seen
that the shunt reactance of €y will severely
limit the high frequency components.

It the linearity l1s preserved, that is,
compensating as previously cutlined between
T4 and Tgy, to keep intdct this distorted wave-
form, we can insert the network Ry-lLy as the
load for Ty. This network 1s complementary
to the network Rs-C€g, and has thne vpposite
Impedance and phase characteristlc, provided
the tlme constants are équal. The time con-
stants will be equal when;

. L
R, C; = i

A stage with thls type of correectlon 1s called
a "High Pesker#® stage, and the design data are:

€4 = total ckt. and stray capacity (input
stage) ;

total ¢xt. and stray capaclty hi~peak-
er stage)

Rs © nominally 100,000 OHmS

Cz

Ry > 10 X Xy at Fe (Eq.27)

Xcs < .1 Ry at lowest frequency (Eq. 28)

'Rl:RLl —where R = shms, L. = uhenriesC =ufds.(Eq. 29)
s Uy
25.33 X 108 )
" T (2F)2 X G
where L 1s in uh.,
¢ 15 In uufe;
F 1s in me,

Thus, with Eguations 27, 28, 29 and 30, we
can deslgn a satlsfactory compensating rnetwork.
Equation 30 shows that the resvnant frequency
0f Li-C2 1s twlce the cutoff frequency, Fe.

For an example let's determlne Lg, Ry,
Ry, and €3 of Flgure 12, assuming Cy to be 12
uuf. and €, to be 30 wuf., F¢ 1s 5 me., and
30 cycles the lowest frequency.

From Equation 303

‘ 25.33 X 10% 253.3 )
e - g = 843 uh.
b 102 X 30 30 b
From Equation £9:
L 8.43 ‘
R: ! 88 795 ohms

TRaX G 109X 12X 10-° 12

From Equation 27:
Ry > 10 X6.28 X 57X 10° X 843 X 10— = 2650 ohms
or greater

From Equatlon 28:

Xeg = < .1 X 2650 = 265 ohms.or less

Cs = 20 ufd. or more

And the stage galn, 1f Ty 18 an 1862, will be:
A = 009 X 7.25 — .06525

From this 1t 1s apparent that the stage 1g
operating 4t a losgy; but the actual overall
voltage output willl be greater than 1f we had
used a much lower value for Ry 1n an attempt
to preserve the high frequency response into
T4; also the signal to nolse ratic will be
betters

PHASE CHARACTERISTICS

These correction circults will provide
essentially flat frequency respoénse to Fe and
a phase shitt proportional to freguency; or
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saylng 1t another way, the time delay 1s inde=
pendent of frequency. Up to now little has
been sald of the phase characterlstilc of am-
plifiers. The phase characteristic is rela=
tively unimportant in ampliflers designed for
audio work, as the human ear 1s very Insensi-
tlve to phase dlstortion, but becomes very
important in video work or wherever complex
waves dre to be amplifled wlthoit dlstortion,
Without golng too deeply 1nto the subject of
complex waves, whlch 1s beyond the scope of
this artlcle; every complex wave 1§ composed
of the fundamental frequency and any number
0of harmonics, having various phase relaftion-
ship with each other, and whose amplitude and
phase may be expressed by a Fourler Serles. To
see why 1t 1s important that the phase shift be
proportional to frequency, that is, the second
harmonic¢ should be delayed twice as much as
the fundamental, the third harmonic three times,
etc.; let's take a look at Flgure 18.

FIG. 13. Complex wave with components in phase.

Wave A ls a complex wave composed 0f the
fundamental wave B and the second harmorniic €
In phases If the wave A 1s passed through an
amplifier that delayed waves B and C the same
amount, for Instance ®0°, the wave shape would
be as shown in Flgure 14.

FIG. 1. Coniplex wave ofter both cemponent waves are
delayed 30°.

Wave € goes through two cycles; 720 elec=
trical degreesy, while wave B goes through one
cycle; 360 electricdl degrees; or to put it
another way, with respect to time, wave € is
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travellng twlce as fast as wave 8. Therefore,
1f both waves are delayed 309 wave € wlll be
ready to repeat 1ts cycle 50% sooner than wave
B; Or with respect to wave 8; wave € will be
advanced In phase. When thése tWo waves are
summed upy with the altered phase Trelatlionship;
we wlll get wave A In Flgure 14. Compare this
with wave & in Plgure 13. Both are composed 0f
the same two frequencies; only the phase rela-
tlonshlp has been changed. If the phase charac—
teristic of the amplifler 1s proportional to
frequency, the wave coming out of the amplifier
would be the same shape as the liput wave,
provided the frequency response ls uniform.
As a polnt of Interest, the shorter the pulse,
the greater the number of harmonlcs present
and the wlder the bandwldth of the amplifier
requlred to pass the pulse without distortion.
A glngle Impulse of Infinitesimal duration
contalns all frequencles from zero to infinity
of equal amplitude.

CATHODE FOLLOWERS

Cathode follower is the name given to a
stage when the load 1s 'In the cathode instead
of the plate circuilt. Thls type of circult
finds 1ts widest use in videéo work as an im—
pedance changling device. As the output valtage
of an amplifler taken from the plate circult 1s
at a comparatively high impedance, unless
changed by an impedance changing device such as
4 transformer, securing a proper match into a
transmission line of nominal impedance is there—
fore gomewhat of a problem. This is especially
true 1n video work where a wlde fregquency range
15 encountered, and the design of a transformer
with flat output from 30 ¢ycles £o 4 OT 5 nc.
presents quite a few difficulties. The simpli-
city and low ¢ost of the cathode follower 18
primarily responsible for its popularity.
Either pentodes or triodes may be used and a
conventional circuit for edch is shown in
Flgures 15 and 18 réspectively.

o B

Tes

Zy
OUTPYT

| RK ouTPUT _L

FIG. 15 FIG. 16,

Pentode cathode follower. Triode cathode follower,

Both the input conductance and the grid to
cathode capaclty of the tibe In a cathode
follower stage are modlifled by the factor

1 .
14 Gu R,



The pentode cathode follewer stage 1s used in
preferefice to the trlodé 1n applications where
the lower Ainput capacity or a higher outpiut
voltage 1s deslred. The effective Internal
impedance of the tube 1s the Treclprocal of the
grid to plate transconductance 1ln mhos and
must be added in parallel to the cathode re-
sistor to determline the output Impedance, Zo,
Figures 16 and 16«

In a triode cathode follower stage, Flgure
14, the dynamic Input capaclty 1s glven by:

Cor == —5—— Gy

and if a pentode 1s used, as In Flgiure 18, the
dynamle *‘ingut capacity wlll be:

Cill
Ceff —

"1+ Gu R, (Eq. 32)

And the stage gain 1s given by:

G Rk

A= T K.
1+ Ga R,

The effectlve output impedarnce, Zo, 15 glven by:

7 =

B
Gu X Ry
Gu + R, (Eq.34)

From Equatlon &3 1t can be seen that the
stage always operates with & galn of less than
1 and the higher the value of Rk the closer to
unity the gain becomes. The circult 1n Figure
17 18 sometimes used to Secure higher outdut
voltages.

In this ¢lilreult Ry ls divided Into two
parts, Ry and Rj, arranged so the dc voltage
drop across Ry. Is equal to the requlred grid
bias, and as the grid is returned to the junc-
tion of Ry and Rp, the correct blas will be
obtained; the 6y will not change, bubt Rk will
be Increased and thus the voltage output (E~
quation 33). Similarly 2z wlll be changed
(Equation 34).

For example let's determlne the effective
input capaclity, stage galn, and effectlive out-
put Iimpedance of an 1852 cathode follower stage
with & 160 ohm cathode Tesistor. From the tube
manual, Cyp Is 11 uwuf. and the G, 1s 9,000
umho's (,008 Mhd).

From Equation 31:

11 n
1 4 .009 X 160 244

Cin = = 4»52 Ullf.

From Bquatlon 33;

009 X 160 144

— = = 59
1 4 .009 X 160  2.44

From Equatlon 34:

(_1=__L — ‘1'1;1) 7= ML X160 _ 6o hms
: 211

Gw 009

FIG. 17. Cathode follower with Z» maiched ta load.

By using the arrangement in Figure 17, we could
get a perfect match into a 72 ohm line by
leavitig Ry equal to 160 ohms and by maklng Rz
equal to 45 ohmss The galn, A, and Z, would
be then:

009 X 205 L84y

1 4 009 X 205 2845
o092 X 2%
72 4 205
72 X 205
72 4 205

009 X 54.7 492 oo

1 4 .009 X 54.7 1.492 o

With a normal bilas of 3 vdlts on the grid,

the maximum voltage output would be B x 33 Or

.99 peak volts. In terms of peak to peak volt-

age, and assuming the grld swing was from 0 to

6 Volts, the cutput would be 1.98 volts peak

to peaks

unlpaded— A 648

loaded— A =

1 -+ .009

The output impedance will be:

7 111 )(205’=

2755
° 316 6

2
316

== 72 ohms

DESIGE HINTS

It 1s evident, fr‘om the foreg—yoing deslgn
data, that the limiting factor, in securing

5913



g00d High frequency résponse, ls the shunt
reactance across the plate load reslstor and
that thls shunt reactance has a direct bearing
on the galin of the amplifier. Therefore, good
practlce demands that every effort be made to
keep the stray and clreuit capaclty at a minl-
mum. A well=designed layout and careful plan-
ning will pay blg dividends.

The practlce of placing a small paper or
mica condenser across a large electrolytic by=
pass condenser to by-pass the high frequencles
1s sometimes dangerous, as far as flat fre-
quency response 1s concerned. The Inductance
of the electrolytic snd the paper or mica con-
denser may form a parallel resonant circulty
and this may cavse elther an Increase or de-
crease In the galn, depending on the location
of the nstwork, at 1ts reésonant frequency.

Care should be used 1n selecting Tesistors
as there 1s & wide varlatvion in the high fre-
quency characteristles between the products of
different manufacturers. Wire wound resistors
for plate loads should be used wlth extreme
¢aution. The Inductance and distributed capa~
city may be quite high and upset the network

When triodes are used in wide band ampli=
fiers where the required plate load 1s com=~
parable to the plate resistance of the tube,
the plate reslstance should be considered in
selectling the plate load reslstor wvalue. The
plate load resistor should be of such a value
that when 1t 1g in parallel with the plate re-
slstarnce of the tubey the resistance of the
combinatlion will equal the calculated value.
For example, if & 6J5 1s uUsed and the calcu-
lated 1load reslstance 1s 1000 ohms, a plate
load reslstor of 1175 ohms would be used.

1000 X 6700

= - = 1175 ohms
6700 — 1000

‘Test and Alignment

4s 1t 1s a général practice to design
video peaklng colls with movable powdered 1iron

¢ores 1n order to adjust thelr 1nductance to
compensate for minor varlations In clrcult and
wiring capacitles, a rdapld method of adjustment
15 desirable. Although thils adjustment may be
accomplished and the galn-frequency character—
istle determined by the use of a radic fre-
quency signal generatodr and a wilde range
vacuum tube voltmeter to monitor the outputs
this method requires so much time that 1t has
been generally dilscarded In faver of visual
technlques.

The low-frequency response, below 100
Kcs., phase shift, and transient response
are tested by applylng square-waves to the
amplifier input and observing the resultlng
pattern on an odcllloscope screen. For this
test 1t 1is desirable to couple the output of
the amplifier directly to the CRO deflectlng
plates as this prevents errors from belng
introduced by the CRO amplifier. Overshoot,
ringing, phase shift, and frequency respoinse
dre readlly determined from the distortion to
the original square-wave By the amplifler. The
input signal level should be kept low to pre-
Vent one or more of the amplifler stages from
being driven to cut—off and thus prevent a true
pleture of the amplifier characteristic.

A typlcal arrangement for visual align-
ment or test of the amplifler response above
100 Kes. 1s shown in block form in figure #19.
The use of a sweep—generator of the type nor-
mally used for television I.F. ampllfiers will
be very satisfactory and in addlition will
readily allow detall examination of small por-
tions of the amplifier pass~band, especlally
when used with the "Baseliner;® essentlally a
mechanical DC restorer used to blank, or dis-
charge the Input condenser of, tle CRO for 180
degrees of the modulation c¢ycle. The use of tha
linear detector makes the response pletured on
the CRO screen independent of the characteristic
of the CRO amplirier., The CRO time base willl,
of course, be governed by the type of modulatlion
used 4n the sweep generator. Where sinusoidal
modulation s used, 4 sinusoldal time base will
be required to produce a linear galn-frequency
traces

FIG. 18. Attenuating systems.

A. Urnicompensated.

B. Compensated.
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Alignment ls completed by ad)ustment of
the inductance of the peaking colls until a
uniform response ls obtalned over the pass-
band.

ATTENUATORS

The effects of the clirecilt and stray
capacltles, Ci; C2, and €3 In Flgure 1Ba are
negligible at &udlo frequencles but Become
1ncreasingly 1mportant as the frequency 1s
increased., At video frequencles they cause
reduced lnput lmpedance as well as freguency
arnd phase distorticn. The frequené¢y and phase
distortilon, and to a certaln extent, the input
impedance will vary with the position of the
glider on R. This condltlon can be remedied
by use of a compengated step type attenuator.
Figure 18b 1s a schematlc¢ of the basic clircult
0f an Input cable and attenuator system general-
1y used on wlde range oscilloscopes.

Ignoring the input c¢dable for the moment,
the ratio of outpiut voltage, E3, to the Input
voltage of the attenuator, Es, willl be Inde~
pendent of fréquency if the time constants of
Ry-Ci and Rp-Cs are made equal. 4s C5 1s the
sum of circult and stray capacliles, and thus
fixed, the deslgn procedure 1ls to set the
values 0f Ry and Rp for the voltage ratlio
desired, and then make Cy such value that:

’ ; § W o ' . R—Q Cs
TC = Ry G = Ra G; or Gy = '~R1 (Eq‘35)

This means that a different value of C¢ willl
be requlred for each step of the attenudator;
and since, as will be explained below, it 1s
desirable to kKeep the total reslstance of Ry
and Rep constant, these values will have to be
changed for each step also.

It 1ls generally deslrdble to load the
circuit supplylng the signal voltage as little
as possible. Yet mearns must, however, bBe pro-
vided for making connection to the signal
voltage source, and a low capacity cable with
an lsolatlon resistor in the probe 1s usually
satlsfactorys Even wlth so-called low capacity
cable, the capacity of a five foot section plus
fitting and circult capacity Is considerable
at video frequenciess .

The voltage division c¢an be made inde-~
pendent Oof frequency In the same manner as
outlined for the attenuator. That is, by con~
sidering Ry and R, as one reslstor and summing
up the cable and fitting capacity together with
the effective capaclty of ¢y and Cg 1n serles,
as, one capaclty, C;; and then adding the capa-
clty €, across the 1lsolatlon reslistor, g,
making 1ts value such that the time constants
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of 83-02 and (Ry + R2)-C. are equal. This 1s
the same as Eguation 35, This wlll mean, of
course, that E, will become

Ri 4+ Re
R:l—[—Rz—l—Ra

X E

but by making the reduction a factor of 10 and
increasing the galn of the amplifier by the
same factor, our overall galn remalns the same
and we have secured a couplling and attenugting
system that has g high Input lmpedance and
gives minimm distortion of the wave shape of
the slignal. The effective input Impedance will
be a resistance equdl to Ry + Rz + R3 wilth a
parallel capaclty equal to €z and Cg in series
and may be calculated for any frequency by
Eguatlon 4. For example, 1f we wished to have
Eg, Flgure 18h, one~tenth of €3, &4nd Es ore-
tenth of €y, and €y 18 50 uuf. with €¢ beling
200 uuf., we could proceed with design by
makings

Ry =

10,000 chms

Ry = 90,000 ohinis

Ry = 900,000 ohms

n_ e 4\ £
_ Re G 100 X50 50 _ go0 e

Cy : =—— =
R, 9 X 10* 9

{10* + 9 X 10%)200 2 X 10" 200
9 X 10° T9X 108 9

Co=

=21.1 uuf.

And the I1nput 1impedance will be one megohm with
19 uwuf, In shunt (21.%1 dand 200 uuf. in seriles).
By always keeping the total resistance 0of Ry and
Ry edual to 100,000 ohms one setting of Cy
would be correct for any Setting of the attenua-
LOTs

SUMMARY

As a final summary, the following three
design charts have been prepared. There 1s
one chart for compehsated stages using Shunt
high frequency peaking, one for Serles high
frequehcy peaking, and one for Combinatlion
high frequency peaklng. Low freguency com-
pensatlon data 1s ineluded on each to keep
each clart complete in 1tself.

0t the numerous reference sources used
in writing this article; the author desires
to glve specilal mentlion to lecture notes of
Mr., T. M. Gluyas of RCA; omn the subject of
"Generation and Application of Non-Sinusoldal
Waves.



DESIGN CHART NO. 1

Compensated stage with shunt high frequency pedking. weur = o
Gain = Gm »RL« =Cs | :Té-;T
Cpr = Cpk -+ »Cgk of Ty and Ts ’ i g?s ]]
respectively -+ wiring capacity , [
. _L
Fg = highest frequency of correction =
. . - 1l
Fy, — lowest frequency of correction L -
RJ = )(CT at FC ] 1
L Re Yy General B+
g oE= - :
4o Fg

To compensate for Ri—Cy or Cs—Ra

RL = .85 XCT? at Fc G R
3 5 Conservative Cy = _“ﬁr_:
(2 Fe)? Co

Li,=
Ry > 20 Xo; at Fy

Xeg < e at Fy To compensate for Ri—C,
Ry > gé ¥ at Fy Ry €4 = Ry Cy and Ry =—2% = G, Ry,
Cs . I Uy

DESIGN CHART NO. 2

Compensated stage with series high frequency peaking.

INPUT T
-

Gain = Gy Ry ci

Cp = Cs ++ Cg RI

Fc = highest frequency of correction

F; = lowest frequency of correction

To compensate for R—C; or Ro—Co

RL == 1,5 XCT at ‘Fc Ci —_ Cg Rz;
Ry,

L1 = 67 CT, RL":Z ;
Ry > 20 X¢g at Fy

2 )
XCS < G at F1

T To compensate for Ry—C;
- , | R - S
Ry > s at Iy R4 C_! == Rg C;} and R: = C: = Gy Ry
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DESIGN CHART NO. 3

Compensated stage with combination. high frequency peaking. T I \‘QQ\.zQQJ T
- ) Jl"""‘v'\i" \«Av-'?i
INPUT 'L _ Ry 1 RS 1
3 N & ) | g z2L =3
Gain == Gm ,RL- TCA ch
9 | |
Cp = Cy + Cp ggs u+ 4
Fo == highest frequency of correction <
F; == lowest frequency of correction
B

Ry = 1.8 Xcp at Fo
To compensate for Ri—C, ot Ry—C,

Li = .12 C; By2

Cp o= 2 Re
Ly == .52 Cp Ry? o Ry
R’g > 20 XC3 at F1
XC3 = at FL
Ry > 3({:/ F at Fy To compensate for Ry—Cy
“8
O — R ;R G
R; == 5 Ry, by experiment - Ry Co = Ry €5 and R, G Gu Ry
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UHF COIL DESIGN

(Reprinted from Electronic Industries, August 1943)

The deslgn of ultra-high-frequency circult
components frequently ¢alls for the computatlon
of I1nductances that are outslde of the rules,
tables and eharts that have been found useful
for coils for use at lower freguensles.

The following analysls deals with induct-
ances of a size useful in the highest freguency
ranges at which the usual negative-grid triode
osclllator will work., ° In other words, the colls
described are gbout as small as a c¢oll can be,
i1 practical design and still be called a rcolld

The problem has two parts-~the flrst, to
determine the dimensions to glve a certaln 1in-~
ductance——and second, to compite thé resulting
Inductance from a glven set of dimensions. At
first 1t might seem that thiese problems are
Identical, but unlike computatlons of many-turn
single layer colls, the Inductance formula that
‘takes Into conslderation the wire slze and turn-
spacing so complicates the design that a rigld
method that will glve a predetermined irductance
1s not always practlcable. The easlest way out
18 that suggested in the followlng analysiss
use a system that willl glve the nearest approxi=
mation and still 1s simple enougl to permit
several dimensional varlations t0 be determined
by comparison, to be followed by & more rigorous
determination whern the rough set of values has
been Indlcated.

Chart I 1s first referred toy 1f it 1s not
known just how much inductance 1s needed in a
certaln set-up for a glven frequency. Thls 1s
the well-known LC relation but 1s extended to
the particular inductance range useful at 30=-3000

megacycles. While thils chart 1s arranged tc
cover the usual values of L and €, many unususl
values of L/C are found In moderi circults, so
1n case it does not flt, multlply or dlviae the
L scale by 10 and do the reverse to the € scale.

~ Of course, both L and ¢ refer to the total
values present, and not those of the coll and
condenser alones

Coll Dimension Factors

Chart II provides an easy method of fimding
out constructlonal detalls when a given lnduct-
ance ls needed. It ls based on a ®current
sheetw formula, as 1s usual in such charts, and
while 1t may be 1n error 5-10 per cent 1n some
remote cases, 1t does glve an easy way of deter-
mining how blg a certaln coll should be. The
method of using this chart ls l1llustrated by an
gexample on the chart 1tself. At the 1eft 1s 4
scale whileh takes care of the factor of winding
pltch, or “turns per lnch" 1n practilcal units,
The famlly of curves at the right end of Chart
II determines the ®shdpe factor." It ls to be
noted that colls wlth small dlameters Have a
consliderable inductance shift wlth a slight
change of that dlameter, ds €videnced by the
steepness of the curves. In using these curves,
take rote that the dlameter of az coll is equal
to the dlameter of the winding form plus the
dlameter of one wire. The length of a coll l1s
equal to number of turns times the dlstance
betwWeen centers of adjacent turng. In selecting
the shape values for a proposed colls; 1t 1s
suggested that the wire size and pltch be selec-
ted first; so that the Wturis-per~inc¢ht value

CHART | == Nomographic chart of LC values 1n the short wave range
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can be Iindlcated on the left scale. A dotted
line trom this polnt through the Inductance
value on center scale 15 extended to the Shape
Factor scale at extreme right., It will be noted
that several different dlameter-to-length ratiocs
can be used to give a certaln inductance, glving
conslderable leeway In deslgn. Palrs of values
that can- be lised are on the same horizontal liné
extending toward the left from the required
Shape Factor point.

Opinions dlffer somewhat as to the best
shape ratlo and there 1s no single- universal
rule that covers all cases., A value of D/1
equals 2.48, has been suggested by Bull. No. 74
0f the Bureau 0f Standards as glving the maximum
Inductance wlth a given length of wire. The
locus of points bearing this relation is shown
as the broken line (R).

Some deslgns will be based on purely physi-
cal detalls-~the winding form must have a
certaln dlameter, so that 1t will £it 1into a
glven shlelds Other deslgns must be based on
obtalining the highest possible Q. Still agaln,
the design might be based on temperature drift
considerations.

In the latter case, it wlll be seen that
if all dimensions of & coll change linearly
due to temperature, a first order change 1s
noted in the inductance—the greater the ex—
panslion, the greater the inductance. However,
few colls follow this simple rule 1n practice:
sometimes the dlameter changes according to
the expansion coefficlent of copper, and the
length according to the expanslon of the mate-
rial In the winding form. A material that ex-
pands twice as far 4s copper would seem 10
offer the best solution.

However, In the range of frequercles under
dlscéussion, many other effects enter into the
problem, and when all is sald and done, 1t 1s
probable that very few uses for a zero-coeffi-
clent coll are found anyway; since the usual
tuned clrcult requlres the coll shift to par-
tially make up for the capacitance shift as
well 1f 1t is at all possible.

Chart II 1s not complete inasmuch as 1t
gives no 1ndication of the Inductance of a
single turn. Rather than to complicate the
bagl¢ chart, Chart IIT takes care of thls
special case. While the Inductance of a single
turn is malnly dependent on the turt dlameter,

the wire size also has some effect. The central
scale of Chart III takes care of thls, based
on factor (turn didmeter/wire dlameter).

Other factors of importance that alter
the inductance are, the charige In the resistance
0f the coll with both frequency 4nd temperatire
shifts; and the change In the @mount of induct-
dnce 1n the circult as the variable condenser
1s rotated, caused by 4 shift of the physical
point where the center of capacitance 1s ldéca-
ted as the plates become more or less enmeshed.

Thls brings up the guestion of how much the
length Of thé leads from the coll to the rest
of the circult increases the Inductance. Thils
18 & simple factor to flgure, according to the
rules, but actually, the shorter the leads the
closer the ¢ull i{s to other metalllc objects
that alter the fleld pattern and therefor the
inductance. Tests have shown that 1t 1s hardly
possible to Improve the accuracy of the induct-
ance computatlons as determined by the chart,
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in practlical cases, and In fact 1t 1s Just as
diffieult to predetermine the circuit capaci-
tance when all factors are consldered. It 1s
possible, however, to strilke pretty close toO
what 1s wanted and 1t will be found that these
clircults are easy to trim to the desired fre-
Quency. ~~R. R. B.
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SINGLE JACKS FOR BROADCAST APPLICATION

Howard A. Chinn?

and Robert B, Monroe?

(Reprinted from Audio Engineering, Vol., 31, No. 6, July 1947)

A bank of Telephone-Type Jacks, known as a
Jack field,; is employed in essentially every
broadcastmg, recording, or publlcuaddress audio
system. It is the usupl practice to connect the
input and output of the impertant eircuits and
‘components of the system to these jacks. The
connections are made in a manner which permits
access to the circuits by placing a plug or patch
cord into the proper jacks. Furthermore, aux-
iliary “make” contacts are employed on each jack
so that when there are no patch cords in the jack
field, the components and circuits are connected
t.ogether in their normal sequence, see Fig. 1.
These auxiliary contacts are called “normals”,
for obvious reasomns.

A jack field, incorporated in an audic system,
provides a high degree of operational flexibility.
By the use of patch cords various operations may
be quickly performed, as for example:

(a) A defective component maybe readily re-
placed by another similar unit, ormay be removed
completely from the circuit by patching around the
unit.

(b) Whenever necessary, the program circuits
may be rearranged as desired.

(c) Special-effect devices, such as filters
or reverberation facilities, may be inserted in
any desired program channel.

In addition to the operational convenietices
made possible by the jack field, test and measure-
ment of the facilities are greatly simplifiedasit
is possible tomake direct connection to the ter-
minals of various components of the system. Lo-
cation of a defective unit is thereby greatly
facilitateds

The plugs currently employed in the maJ ority
of professu)nal audio systems are the “twin” type,
Fig. 2. With these twin-type plugs it becomes
necessary to employ jacksin pairs. This arrange-
ment of twin plugs and Jack pairs has been in
use in broadcast plants since the early days of
radio broadeasting. Their introduction to radlo

work was a carry-over from the practice on “Long

Line” circuits used for network program distri-
bution at telephone exchanges. The performance
of these plugs and jacks over a period of many
years has always been reliable. However, the
following points, which may be considered disad-
vantages, have been noted:

1Chief Audio Engineer, Columbia Broadcasting

System
Eng;neer, Columbia Broadcasting System.

—Is o] - — L e
EQUIPMENT — VD IV EQUIPMENT
A

g

Fig. 1. Jacks incorporated in an audio system
permit access to the input and output of the
various equipment units by placing a plug or
patch cord into the proper jacks. When no
patch cords are in use the components are
automatically connected in their normal
sequence by means of the auxiliary jack
contacts shown. These contacts and the
adgsociated wiring are called eircuit
“normals’'.

(a) Care mustbe exercised toinsert the plug
correctly polarized. If this is not done the
polarity of the circuit may be reversed.?®

{b) A relatively large amount of panel space
is required for the jack field.

(c) The cost of the jack field and associated
patch cords is high.

. Inasmuch as the trend in the design of audio
facilities is to reduce the size of installations,
a study was made to determine the possibility of
employing single plugs and jacks without sacri-

‘ficing any of the features of the traditional

twin units. The successful application of single
Jacks would overcome the shortcomlngs of the
double units mentioned above; thatis, less panel

IThis may lead to several undesirable conse-
quences. In unbalanced-to-ground arrangements
reversal of the plug will ground the wrong side
of the circuit. If this does not short eircuit
the program material (depending on grounding ar-
rangement employed) it will place a ground on the
high side of unbalanced elements. In most cases,
particularly in the case of filters and attenu-
ators, the characteristics of the unit may be
considerably altered. Polarity reversal in both
balanced snd unbalanced-to-ground arrangements
causes loss of phasing, if employed.

5-11-01



Fig. 2: The *twin’ type of plug currently
employed in the majority of andio systems.
Jacks are used in pairs with this type of
plug.

space would be required for a given number of jack
circuits; the cost would be lower; and all possi-
b111ty of reversing the circuit by improper in-
sertion of the plug would be eliminated.

SINGLE PLUGS AND JACKS

To perform the same operations now accom-
plished by twin plugs, it is necessary that the
single plug accommodate three conductors; two
for the program circuit and one for ground This
requirement can be met by the ““tip, ring and
sleeve” type plug of the general type used on
telephene switchboards.

It must be pointed out, however; that the
usual telephone-type single plugs (such as the
W.E. type 110) are not satisfactory for broad-
cast use, Fig. 3. This can be readlly observed
by visual inspection of the operation of these
units. As this type of plig enters the jack, a
point is reached where the tip of plug momen-
tarily ‘touches both program springs of the jack.
During this period, the plug short-circuits pro-
gram material on the jack. For this reason,
these telephone-switchboard plugs cannot be con-
sidered for broadcast use.

This difficulty can be avoided by employing
a different type of tip, ring and sleeve plug
constructed with a shorter tip. Such plugs have
been made for telephone applications and are
available. An example of a plug of this type is
the W.E. type 291-E which was employed in this
study, Fig. 4.

The single jacks employed were the W.E. type
239-A. These jacks are designed to operate with
the W.E. type 291-A plug and contain the necessary

with & shorter tip than the plug of Fig. 3,
is satisfactory for use in audio systems.
It is used in conjunction with the jack in
Fig. 5.

This type of single plug, constructed

contact springs for two program circuits, each
of which is provided with a normal” contact.
The ground circuit is carried in the usual
manner, through the frame of the jack which is
equipped with a terminal lug; Fig. 5.

It is often necessaryin the design of audio
systems to em loy a few Jacks equipped with
auxiliary* make or “break” contacts to accom-
plish some special circuit changes when a plug
is placed in the jack. Jacks of the type under
discussion are also available with these auxiliary
contacts.

EXPERIMENTAL TESTS

As part of the early study of single plugs
and jacks, an audio jack field consisting of 24
single jacks mounted on a conventional jack
mounting panel was set up for the purpose of
checking the operational performance of single
plugs and jacks. Various amplifiers and other
components were connected to this jack field,
which was then normalled to simulate a conven-
tional studio audio channel complete from micro-
phone input circuits ‘to program line output‘
Visual and aural monitoring facilities wefe in-
cluded in this experimental set-up to make it
resemble as closely as possihle an actual in-
stallation.

The plugs and jacks in this experimental
system were associated with both balanced-to-
ground and unbalanced-to-ground circuits. In
the case of the balanced circuits both the tip
and the ring of the plugs, as well as the corre-
sponding contacts of the jacks, were high with
respect to ground; however, the wiring was so

Fig. 3.

A tip, ring, and sleeve type of single
plug often used in telephone switchboard

work, This type of plug isnot satisfactory
for use in audio systems as explained in
text.
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Fig. 5. The type of single jack shown above was
used in all the measurements, investigations,
and applications described in this text.
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arranged that in the case of unbalanced cir-
cuits the tip was high and the ring low.

Pavch cords, equipped with single plugs,
were employed to check the ability of this jack
field to perform all the usual jack field opera-
tional requirements, such as substituting ampli-
fiers, patchingout various components and making
multiple connections.

It was found that the operation of these
single jacks and plugs was entirely satisfactory
and equivalent in all respects tothe performance
of the conventional double units.

Tests were made to determine the cross-talk
introduced in audie circuits by single jacks as
compared with that introduced by the more con-
ventional “double” jacks. These tests were made
on a balaneced-to~ground, terminated, 600-ohm
circuit by applying a sine wave of 15,000 cps to
a jack, or in the case of double jacks to a pair
of jacks, and measuring the signal crossing into
adjacent jacks. The results of these tests are
tabulated below:

Fig. 6.
panel only 9 by 14-1/2 inches in size.
between rows 1-1/4 inches.

The jack field of the CBS 3-B studio control console. ,
The spacing beétween jacks is 3/4 inches, the spaecing

B Single Double
Cross-Talk To: Jacks Jacks
Adjacent ;

~ Left-Hand Jack(s) ~139 db -132 db
Adjacent ;
~ Right-Hand Jack{s) -137 db -128 db
Jack(s) ) - '
Immediately Above -140db 114 db

It will be noted that cross-talk is lower
in the case of single jacks. This'is an impor-
tant consideration in the design of audio
facilities for present-day standards.

SHUNT CAPACITY

i Inasmuch as shunt capacity is an important
factor in audio systems, measurements were made
of the shunt capacity of both single jacks and
pairs of jacks: The measured values are as fol-
lows:
SHUNT CAPACITY IN MICROMICROFARADS
Single Jacks

T&p~5pring'to Bing-Springr....,,,.,..,...t, 10
T1p—Spr1ng to Groun&;..‘..,...nr..a.«.n.....~~.. 14
Ring-Spring to Ground ..i.ciceeireineeneiss 10

126 jack circuits are mounted on a
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Double Jacks
Tip-Spring to Tip-Spring . weiveieieein 0.5
Jack 1 Tip-Spring to Ground ceverraenraeres 13
Jack 2 Tip-Spring to Ground .eeevvsrvenvsne 13

It is seen that the shunt capacity between
program springs is slightly higher in the case
of single jacks. It is not believed, however,
that this will cause any difficulty in new audio
facilities, inasmuch as 150-ohm circuits will
probably be used in most future systems deslgned
for wide-band transmission. The reduction of
circuit impedance by a factor of four will more
than offset any effect of the slightly greater
shunt capacity on the higher audio frequencies.

PRACT]CAL;APPLICATiON

Audio installations employing 51ngle plugs
and jacks have now been made at CBS stations in
New York, St. Louis, and, presently, in Holly-
wood. Three of these installations are shown in
Figs. 6, 7, and 8. In addition, Station WWL at
New Orleans has 1incorporated these jacks in a
post-war studio control console.

As a resilt of the experience whick has been
gained with these installations, it has become
eVldentthatslngle jacks offer several advantages
over the twin units. These advantages include:
(a) smaller space requirement, (b) lower cost,
(¢} lower cross-talk, and (d) impossibility of
incorrect patch cord insertion.

Fig. 7. A modified W.E. 25-B studio control con-
sole. The use of single jacks permitted 32
jack circuits to be mounted in the panel
spate originally sccommodating 20; an
incréase of 60 per cent.

It is believed that the use of single jacks
of the type that retain all the advantages of
double units marks a step forward and will find
wide application in the future.

Fig. 8.
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MAINTENANCE OF TELEVISION EQUIPMENT

PREVENTIVE VS CASUAL MAINTENANCE

‘Many prospective telévision broadecasters will
comie into the field from AM/FM Dbroadcasting
bringing with them the same theories of opera-
tions which they followed in aural broadeasting.
In a large number of areas, this thinking will
serve adm1rably—certam techniques will be sim-
ilar or, at most, require only such changes as come
from adding sxght to sound. There are fields,
however, where the change experienced in trans-
ferring from audio to video seems to present
much greater problems. One of these i§ mainte-
nance. A study made by NARTB in the early part
of 1952 reveals that, of the 108 television stations
then operating, a typical medium sized station
employed 61 people. Twenty-two of these were
in the Engineering Department, and of the 22,
two were full-time maintenance engineers. That
is, two men were scheduled full time to check
equipment in an attempt to prevent equipment
failures. Hereafter, When the term “preventive
maintenance” is used, it ig this type of operation
we mean. “Casnal mamtenance is considered to
be only routine checks, or repairs made after
equipment failures. The prospective television
broadcaster may wonder at first why a regular
preventive maintenance schedule should be neces-
sary for television when he has been getting along
very well with casual maintenance in aural broad-
casting. The answer lies partly in the far more
complex equipment needed for television, and
partly in the higher expense and income assoc1ated
with television.

As an illustration of the latter reason, the fail-
ure of a single relay or contact in a switching
system could result in the loss of a commercial
spot announcement. Going back to the typieal
medium sized station mentioned above, this means
g loss in the neighborhood of $100, this loss being
a little more than the amount needed to pay the
maintenance man’s salary for a week according
to the same NARTB survey mentioned above.

In all fairness to those broadceasters who firmly
believe casual maintenance is enough in the fele-
vision station, it must be pointed out that some

highly successful operations have no maintenance
engineers as such, An examination of their meth-
ods will reveal, however, that transmitter and
studio technicians spend a certaln amount of their
time checkmg equipment not in use while the
station is on the network, or in other ways fitting
some maintenance into their daily working sched-
ules. Furthermore, these technicians will be
found to be highly experienced men who are
familiar with the circuitry of the equipment, and
excellent “trouble-shooters”. It will thus be seen
that while no formal preventive maintenance
schedule is in force in the station; a larger‘ percent-
age of the working day is belng gpent in mainte-
nance in the telewswn station than is usually
spent in mamtenance in an FM or AM station. It

remains a problem requiring a decision to be made
by each broadcaster as to whether he will hire
maintenance men who can keep the equipment in
good operating condition and be able to use less
experienced men at the transmitter and studio, or
whether he will hire technicians who have the
experience, knowledge and “feel” for mamtenance
and who can get the station back on the air quickly
in the event of equipment failure. It may be
mentioned, too, that his decisiofi may have to be
based on union classification.

In a number of articles and panel discussions by

practical television broadcast engineers, the need

for preventive maintenance has been stressed, but
due to the present highly flexible state of the art,
very little of a definite nature ean be prepared.

Inthis article, a suggested preventive maintenance

schedule is shown, and a few suggestions of a
general nature are listed, in the hope it may pro-
vide the prospective broadcaster ‘with a beginning
to which he may add such procedures as are perti-
nent to his particular type of equipment. Each
piece of television equipment will have its own
individual characteristies, and specific operating
procedures for each equipment item are furnished
by the manufacturer. It is suggested that a col-
leetion of all the instruction books for the equip-
mernt in the new station be gathiered together and
from this collection, specific details can be drawn
to supplement the general material which follows.

The object of any maintenance program, wheth-
er it be prevertive or casual maintenance, is to
keep the equipment operating at optimum—to
satisfy the regulations set forth by the FCC—and
to keep operating costs down. Although the most
careful and thoughtful maintenance program can-
1ot always prevent occasional equipment failures,
the symptoms of impending failure may often be
observed during the day’s operation and a well-
defined system of reporting to the regular mainte-
nance crew should be developed. At the transmit-
ter, the log is the logical place. At the studio, the
workshop should have a regular place to put
notices of equipment troubles. After the mainte-
nance man checks the item noted as being faulty,
he makes such adjustments or repairs as are neces-
sary, and initials the notice with the notation
“Adjusted”, “Tube changed” or whatever work
was done. The sheets or logs are kept on file
after completion of the work, and over a period
of time they prov1de -a good source of study for

the idiosyncracies of each equipment item. From

4 collection of this nature, conclusions can be
drawn ag to what type of trouble to expect from
each piece of equipment and in many cases equlp-
ment failures ean be foreseen and corrected in
advance of failure.

In the following pages, a general outline of pre-
ventive maintenance is given. ‘Complete details
applicable to all kinds and makes of equipment
naturally cannot be given, mnor is it the purpose
of thiz article to replace the specific instructions
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given by the manufacturer for the eare and main-
tenance of each equipment item. The purpose of
the article is rather to supplement these specifie
instructions by a few notes and suggestions made
by station operators as a means of gathering
together in one place the beginning of a mainte-
nance manual. The value of such a manual to each
station depends entirely on supplementation by
recommendations drawn from (1) the manufac-
turer’s instruection manuals, and (2) the experi-
ence of the chief engineer and h1s staff as the
station develops.

STUDIO PREVENTIVE MAINTENANCE
SCHEDULE
Daily
Dusting. '
Check for signs of overheating on'all equipment.
Check pick-up equipment for abnormal conditions
such as position of control knobs and poor pic-
ture quality which may not have been reported.®
Check cameras for geometric d1stort10n align-
mient and resolutlon

The film photographic sound track scanning sys-
tem must be checked. The exciter lamp condi-
tion should bé noted and, in addition where
provided, the adjustment of the lamp filament
ahgnment with the optical assembly should be
checked Optical assemblies and any apertures
in the light path should be cleaned. Dust can
be removed by blowing air across the lens faces
with a syringe bulb and wiping with lens tissue.
Photo eells should bé examined for oil ‘on. the
glass.

PrOJectmn lenses should be wiped with lens tissue.
Coated lenses should be cleaned very carefully
in accordance with the manufacturer’s instrue-
tions.

Check need for nnusual control knob settings on
synchronizing generator.

Clean film projectors in accordance with manufac-
turer’s instructions, checking especially for ac-
cumulationy of dust, lint and emulsion on gate,
pressure shoe rollerq, teeth picture aperture,
ete.

Visually check microphone and other cables for
serious abrasions from pinching, kinks, ete.,
which may lead to broken wires internally.

Weekly

Thorough internal and external cleanmg of cam-
eras, camera coritrols, monitors, and power sup-
plies. Check insulation on lead wires to power
lines and replace lines if necessary. (NOTE:
On delivery or after a major repair job or
change in equipment, a thorough inspection

should be made of all connections, checking for
rosin joints and poorly soldered cohnections by

* During camera set-ups, need for unusuzl control set-
tings should be observed by the operator and reported.

firmly pulling on wires and leads. Connections
incapable of passing the required electrical cur-
rent can be corrected before equlpment fail-
ures.)
Check and record cable socket voltages on cam-
_ eras.

Run test checks on cameras and projectors usmg:
test charts, slides or films such as those recom-
mended by RTMA or SMPTE.

Check amplitude and pulse widths of synchro-
nizing generator.* Aging of tubes may cauge
some small variations which ean be overcome by
adjustment.

Oil film projectors.

Check and clean fader controls on both audio and
video equipment.

Check microphones for proper output, WARN-
ING: Do not use an ohmmeter or other circuit
checker, since they may damage the ribbon or
diaphragm,.

Check air filter on power supply and clean or re-

~ place if clogged.

Lubricate wheels and moving parts of camera
‘dollies and booms, mlcrophone boomsg, pulleys

- for studio lights and mechanical parts of studio
cameras (pan and tilt and optical focusmg
mechanisms, ete.)

Mamhly

Record and compare cable socket voltages on all

" eguipment.

Check adjustment of all control knobs and read-
just where necessary.

Tube checks on all equipment using a good mu-
tual-conductance tube tester. Generally, tubes
should be replaced in the same sockets from
which they were removed. Tubes with weak

- emission should be replaced with spares known
to be good. After tube checks, equipment

* should be operated and tests run to insure that
no unusual conditions have resulted from tube
removals and replacéments.

Check and clean relays and switch contacts in
all equipment. Some relays in more recent sys-
tems are protected sufficiently from dust and
dirt and may not need such frequent inspection.

Low level audm tubes and audio amphﬁers with
“plug-in” chassis should be moved in and out
a few times to renew the contact between fins
and sockets. :

(NOTE: Voltage and Waveform charts for each
tybe of equipment will be furhished by the
- manufacturer and should be regarded as stand-
ards by which to compare test. checks)
A _fter 1000 Hours
Blowers should be cleaned and oiled in accordance
with instructions furnished by manufacturer.
" # Some manufactufe:fs ‘réComm;ejﬁdJ this be done daily.
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’ FIELD PICKUP (REMOTE) PREVENTIVE
MAINTENANCE SCHEDULE
(This is also applicable to S-T-L)
NOTE: These daily, weekly and monthly sched-

ules will _naturally be revised in accordance with
usage given edquipment.

Daily

Check switching system for abnorimal conditions
such as poor picture output when compared to
input.

Cheek cameras for geometric distortion, align-
ment and resolution.

Check pick-up equipment for abnormal conditions.
(See “Studio” schedile.)

Check all equipment for overheating.

Dusting.

Weekly
Internal and external cleaning of cameras and
power supplies. (See notes on “Studio” sched-
ule,)
~ Check and readjust controls.
Inspect and tighten cable connectors and clamps.

Check amplitude and pulse widths of symchro-
nizing genérator. (Some manufacturers recom-
mend this be done daily.)

Lubrication of moving parts of cameras. See stu-
dio preventive maintenance schedule.

Check and clean fader controls on both audio and
video equipiment.

Visually cheek weatherproofing of cables, connee-
tors and other parts of eguipment subjected to
weather.

Check batteries on audio equipment.

Monthly
Tube checks on all equipment.
schedule.)
Record and compare cable socket voltages.
Check air filter on power supply and eclean or re-
place if clogged.
Check and clean relays and switch contacts in all
eguipment. (See “Studio” schedule,)

(See “Studio”

After 1000 Hours

Blowers should be cleaned and oiled in accordance
with instructions furnished by manufacturer.

If a field power cfenera’cmg system is used, the
internal combustion engine and the g‘enerator
should be given equal weekly and monthly at-
tention. See manufacturer’s mstructlons on

- this. .

TRANSMITTER PREVENTIVE MAINTENANCE
SCHEDULE

NOTE: In connection with the following sched-
ules, reference should be made to the FCC Rules
Governing Television Stations. The RTMA
“Blectrical Standards For Television Broadeast
Transmitters, Channels 1-18~—TR-104-A” will
alse be found helpful.

Daily

Cheeck filament line voltages every hour and adjust
if required. FCC Rules governing transmitter
logs (Sec. 8.663) require that operating con-
stants of last radio stage of the aural trans-
mitter (total plate current and plate voltage),
transmission line meter readings for both trans-
mitters, and frequency monitor readmgs be
observed dnd recorded half-hourly.

Check visual and aural monitoring circuits, ob-
serving both wvoltage and current meters.
Chariging current or voltage indicates either
deteriorating tubes or equipment. If the opera-
tor observes any rapid changes, a sufficient note
should be left with the log as instructions for
the maintenance crew.

Dusting and general inspection for overheating or
other signs of abnormal operation.

Weekly

Tube checks on all tubes which are not metered
in the transmitter.

Cle%n)mternal parts of transmitter (insulators,
ete.

General performance check of noise, distortion
and frequency characteristics of aural transmit-
ter.

General performance check of visual frequency

and broadband characteristics of visual frans-
mitter.
(On the last two mentioned checks, spot checks
will ordinarily suffice on 2 weekly basis—how-
ever, in this case, a more thorough check should
be made monthly.)

Inspection of blowers and flowmeters. Clean and/
or lubricate if reguired.

Test door-interlocks and disconnect-switches be-
ing certain they result in lnterruptlon of high
voltage when access doors and windows are
opened.

Check and operate all relay contacts. Observe
closely for heating. .

Check transmission lines for tightness by observ-
ing gas or air pressure.

Add distilled water to cooler unit if required.

Correct all meter needles to normal non-energized
readings.
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Monthly
Inspection and lubrication of small blower motors.
Test spare tubes required by FCC.
Clean socket contaets if necessary.
Service relay contacts if necessary.
Check air filters and clean or replace as necessary.
Vi;gually check condition of water in cooling sys-
e,

Quarterly

Operate all spare mercury vapor tubes for 30 min-
utes (See instructions furnished by manufac-
turer.)

Detailed inspection of every unit in transmitter
using tests recommended by manufacturer.
Service all power contactors if necessary after

inspeetion.

Flush and refill water-cooling system.

Make visual inspection of physical condition of
“antenna tower and transmission line.

Inspect and test tower lighting equipment accord-
ing to Part 17 of FCC Rules.

Semi-annually

Tighten all connections, both electrical and me-~
chanieal, in transmitter and associated equip-
ment,

Lubricate exhaust fans.

Lubricate high-pressure blowers and check opera-
tion of dir interlocks.

Lubricate water cooling system.

Check outdoor protection to water cooler intake
before cold sweather, and for free circulation
before summer.

SAFETY

Every possible means of affording maximum
protection to personnel working in the television
station should be counsidered. Télevision equip-
ment has been designed to operate safely so long
as reasonable care and judgment are exerecised,
but it cannot be too strongly impressed on every

person coming into contaet with the equipment

that the safety rules for handling each item must
be observed, since the high voltage of certain
comporniénts is sufficient to endanger life. Some
general safety precautions are given below and
more will probably suggest themselves to the sta-
tion operator and can be added.
1. Regular inspection of safety interlocks for
proper functioning. Check leads and con-
nections to grounding hooks.

2. Check ground eonnections for tightness.
3. Check insulation on all leads regularly.
Never use leads with broken insulation.

10.

11.

. All high-voltage capacitors should be dis-

charged before they are touched by the
operator. Although “blesder’ resistors do
discharge capacitors affer a reasonable
time; in consideration of the voltages used,
it will still be safer to discharge the capac-
itor with a shorting bar. Due precaution
must be observed in the removal of the
shorting bar.

. Rubber gloves should be worn when work-

ing on high-voltage equipment, and a rub-
ber sheet should be placed over the sill of
the transmitter compartment, or over any
place where it is possible for the employee
to come into contact with live equipment.

. Before making repairs on high-volfage

areas of equipment, instruction books and
schematies should be elosely studied so that
the maintenance man is thoroughly de-
quainted with the equipment before start-
ing work. It may also be pointed out here
that high-voltage sometimes appears at un-~
expected points in defective equipment.

. Ground leads of oscillographs should not be

connected to a high-voltage point, since the
ground lead of most instruments is con-
nected internally to the esse. '

. When measuring high-voltages, considera-
.tion should be given to both A-C and D-C

voltages present, and peak voltages should
be taken into account when selecting volt-
meters and multipliers.

. Rubber gloves and blankets will niot afford

protection against high radio-frequency
voltages. When working on circuits carry-
ing high R-F voltages, the circuit should be
inoperative before work is begun.
Extreme care must be used when touching
tubes that have been in operation for a
congiderable length of time since serious
burns can result. This is true even of
small tubes. :
Pressure developed on the envelope of large
yvacuum. tubes is extremely high and when
the tube envelope is broken, it must be re-
membered that the tube will implode—not
explode. This means there is a possibility
of the tube base being projected through
another portion of the tube. For this rea-
son, tubes should be kept in cartons until
time for their actual use—safety goggles
and gloves should be worn when handling
large vacuum tubes. Spectators should be
kept at a safe distance whenever a tube is
outside its carton.

A means of disposition of these tubes
must be found, bearing the above hazards
in mind, to prevent the scattering of shat-
tered glass and the possibility of the tube
elements and base flying free. One sugges-
tion ig that the tube should be placed in a
shipping container, the container sealed,
and & crowbar or similar instrument driven
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through its top. Anocther suggestion is that
the tube should be placed in a shipping con-
tainer, leaving the neck or gun end of the
tube exposed. A tarpaulin or burlap bag
is thrown over the neck to deflect any glass
and the neck is struck sharply with a ham-
mer,

12. Tt is not generally known that carbon tetra-
chloride is a strong toxic chemical and that
continued breathing of the fumes is cumu-
lative and can becomie injurious to health.

* Its use as an open cleaning agent is not ree-
ommended. The Navy has discontiniued its
nse for projector cleaning and recommends
that alecohol be used wherever possible.

It must be remembered, however, that
-alcohol and naptha are both inflammable,
and proper precautions must be taken in
uging either.

GENERAL

In the following pages, some amplification of
the preventive maintenance schedules will be

found. In some cases, it may seem that the

emphasis has been shifted from “preventive” to
“casual” maintenance, or from maintenance to
operation principles. These are the areas where
experience of presently operating stations has in-
dicated a need for calling special attention of the
new station’s technical staff.

Certain prineiples of maintenance are common
to all types of equipment. For example, through-
out this article, frequent mention is made of the
removal of dust from equipment. This is extreme-
ly important because, among other things, exces-
sive dust may lead to current leakage or arc-over
between high voltage points. Obviously, dust will
do more damage to open equipment than to eom-
pletely enclosed equipment, but daily efforts must
be made to keep the collection of dust at a mini-
mum on all equipment. We are reminded of the
story of a government agency which was said to
have émployed both “high dusters” and “low dus-
ters”, each having specified areas of work and
each employing different tools and practices of
dusting. The problem of dusting in the television
station requires tools ranging from soft lint-free
cloths and absorbent pads to vacuum ecleaners. A
small hand-type vacuum which can be reversed
and used as a blower may be a wise investment
for the station. Various sizes of paint brushes
will be helpful in removal of dust and lint from
small equipment items. When cloths and brushes
are used, they should be absolutely dry or mois-
tened with a volatile liquid such as carbon tet,
aleohol, naptha, ete.*—never with oil.

All equipment tests should be made as soon as
possible after the close of the day’s programming,
or after the last use of the equipment item during
the day. After tests or checks are completed, the
equipment should beplaced in operating condition

* See Note 12 in “Safety” section.

to. be sure that it is functioning properly. Before
beginning any tests, instruction books and sche-
maties should be closely studied and safety pre-
cautions observed. Inspection may be made by
feel (for overheating), smell (this often locates
an overheated part such as a transformer or re-
actor), and visual inspection for loose, broken,
warping or cracked connections, broken parts,
insulations or wires.

Before dismantling any part of the equipment,
be certain the eorrect input signals and voltages
are being applied. (In other words, there is no
use dismantling the engine of a car if it’s just out
of gas.) The correct input signals and voltages
are supplied by the manufacturer as part of the
operating instructions.

Be Logical—Check the Qbvious First

In the seéction relating to the Synchronizing
Generator, it is pointed out that personnel should
be briefed at least semi-annually on the possible
causes of failure. This same procedure may well
be used with all other major equipment items in
the station. Also, as mentioned above, instruction
books, schematic drawings and other technical
data on the equipment should be readily available
to all technical personnel.

The notes on “Tube Checks” found in the Cam-
era Chiains section apply to all tubes used in the
television station, as do the notés on regular clean-
ing and inspection of cable connectors and the
measuring of cable socket voltages.

TESTS AND TEST EQUIPMENT

Many television stations upon first going on the
air have underestimated the need for appropriate
test equipment, only to find themselves later on
faced with the meed for purchasing more such
equipment. .In addition to the more common test
equipment such as tube testers, volt-ohm meter,
ete., normally associated with aural stations, tele-
vision stations require otie or more good oscillo-
scopes, video sweep generators, audio oscillators,
noise and distortion meters, and a device for
checking scanning linearity such as a grating or
bar generator. Depending upon the complexity of
the installation more or less equipment may be
required. The ¥CC requires that certain stand-
ards with respect to the overall attenuation char-
acteristies of the visual transmitter must be main-
tained, the aural transmitter and entire audio
system must meet certain well defined operational
characteristics with respect to distortion and fre-
quency response. The scope of this article at the
moment does not permit us to list all of the FCC
Rules and Regulations pertaining to the required
tests and operating practices, but these will more
appropriately be included in subsequent articles.
The matter of so called “proof of performance”
on video transmitters is not altogether as well
defined at the moment as the “proof of perform-
ance” required for the aural transmitter, We hope
at a later date to have information on this subjeet.
It is therefore necessary for us to confine the
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material in this article to that maintenance re-
quired for the uninterrupted functioning of all
mechanical items and the electrical portions con-
taining expendable parts or where trouble more
commonly occurs. In other seetions of this Hand~
book will be found data on video amplifiers, ter-
minal equipment, etc., which will prove helpful in
understanding the design, operstion and line-up
of various segments of the television system.

FILM PROJECTORS

Specific details for .the operation and mainte-
nance of each of the many types of film projectors
will be furnished by the manufacturer, These in-
structions should be carefully read by every opera-
tor who handles the projector, and kept handy for
ready reference at all times. There are, however,
a ‘few general remarks that can be made on the
subject of film projectors:

1. Cleanliness. The projector film path should
be cleaned thoroughly daily and accumula-
tions of emulsion or other dirt removed with
a tooth brush or flat pointed tooth pick and
cloth moistened with carbon tetrachloride
or aleohol * whieh must not leak into the
mechanism. In cleaning lens surfaces, do not
blow on the surface of the lens as this may
force vapor back into the lens mount. The
lens tissue may be moistened with the breath
or lens cleaning fluid.

2. Oiling. Always use the type of oil recom-
mended by the manufacturer. Different
weights of oils are recommended for differ-

-ent parts of the projector, and substitutions
can cause trouble. Oils flows more freely
and penetrates faster when the machine is
hot. Be extremely careful not to over-oil the
projector since the oil may leak onto the
film. For the same reason, be eareful not to
spill oil about the projector.

8. Handling lamps. Before placing a new lamp
in the projector, wipe off lamp surface with
a clean, lintless cloth. Fingerprints left on
the surface of the lamp will bake into the
glass and be diffieult to remove later.

4, Spares. A complete set of tested spare
lamps, tubes, fuses, belts and other parts
subject to wear should be kept on hand at
all times. In replacing fuses, be sure that
the new fuse does not have a higher power
rating than the old one.

Following are some of the major “troubles”
which occur in the film projector. It will be noted
that many of these troubles arise from the pres-
ence of dirt, improper control settings, or tube
failures—all of which can be anticipated to some
extent by a sound preventive maintenance sched-
ule. :

Loses film loops—tears sprocket holes: Feed
"sprocket or film pressure shoe out of adjust-
ment. Adjust as explained in manufacturer’s

. *See Note 12 in “Safety” section.

Indistinict picture or low illumination:

No photoelectric cell voltage:

instructions. Other possible causes are dirty or
wornt claws, claws out of adjustment, torn film
or bad splices. Daily cleaning will prevent ac-
cumulation of dirt and emulsion” on claws,
sprockets and pressure shoes—proper splicing
and pre-editing will save time and trouble in
the long run.

Noisy projector mechanism: Check adjustment
of claws, roller chain, drive chain and gears.
Adjust as recommended by manufacturer.

Trovel ghosts and picture jump: Check projector
synchronization of the shutter with the pull-
down mechanism. Trouble may be shutter out
of adjustment, improper threading, claws worzn
or out of adjustment, worn rails or cam shaft.
Bad or poorly made film causes the same symp-
tom—it is well to check the projector with
standard film selected for this purpose.

Projec-
tion lens, condenser lens, or reflector dirty, or
projection lamp may need replacement. Dense
film may cause the trouble—check with the
standard film.

Film scratched: Film shoe, pressure roller, aper-
ture plate or guide rollers dirty or emulsion
coated. On 35 mm projectors, check fire rollers
in upper and lower magazines for accumula~
tions of fuzz and grit which will scratch film.
NOTE: The lust three troubles mentioned may
be on the film in use. Pre-viewing of all film is
recommended.

Picture, but sound weak or distorted or no sound:
First, check audio level control and threading
system. These are the principle causes. Open
or shorted cables, burnt out fuses or lamps,
improper seating of photoelectric tubes, im-
properly adjusted sound mirror are also fre-
quent causes. Check for obstruection of light
beam by foreign matter. If trouble is still not
located, check further by manufacturer’s in«
structions.

Sound; but no picture: Burnt out projection
lamp.

Oscillation in preamplifier: Tioose ground wires,
output leads too near the input leads, or defec-
tive by-pass capacitor.

'Hum level high: Check shield on audio line or

photoelectric cell, filtering of photoelectric cell

voltage or bad tubes.

] A-C power may be
off. Also check filter capacitors and rectifier
tubes in preamplifier, fuse in A-C line to pre-
amp, and for open resistors and broken or
shorted wires.

Microphonics: Loose contiections, poor contact
between plug and socket, loose elements in PEC,
or oil soaked wiring, Also check projector mech-
anism for excessive vibration. (Pre-amplifier
tubes are often microphoniec.) :

Distortion: Most often found to be tube trouble
or defective PEC or sound optics out of adjust-
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ment. Other cduses are due to leakage in speech
lines or open coupling capacitor.

Tone unsteady—Wows: Check tension of pres-

sure roller. Sound drum may be dirty or dam-

aged. Check also for dirty pressure rollers, and
dlrty guide rollers. Sound drum shaft or bear-
ings may be loose or worn. Defective motor or
drive mechanism could cause unsteady tone.

Motor Repairs

All adjustments and repairs to the film projec~
tor motor should be made with POWER TURNED
OFF. Try to avoid loosening shutter from the
rotor shaft as this will require readjustment of
the shutter for proper synchronization. Failure
of drive motor to start, not running at proper

speed, acceleration time too long, or drive motor

starting then stopping, usually indicate excessive
Check

loads or improper line or field voltages.
for open switches, loose connections or breaks in
power wiring. Regular maintenance schedules
should include proper cleaning and oiling to pre-
yent overheating of bearings in blower motor and

drive motor, Check and tighten motor coupling

and attachment of motor to bed plate. (In tight-
ening serews, avoid foreing screws and damaging
threads. If necessary, remove screw and replace
with & new one.) Included in the regular main-
tenance. schedule should also be repairs and re-
placements of brake resistors and relays on pro-
jector mechanism.

The following section on Precision Adjustments

was provided through the courtesy of the Society

of Motion Picture and Television Engineers.

Precision Adjustments
TELEVISION TEST FILM

This film is designed to indicate the condition of
operation of those portions of the television film

reproducing system which depend upon the rela-

tion between the film projector and the television
gystem.

Use of the test film on a routine operational
basis is recommended since it will indicate errors
of adjustment and equipment malfunction before
they might otherwise be detected, and before they
adversely affect the quality of the transmitted
picture.

Several test sections and a selection of scenes
comprise the complete film which is available in 16

and 35mm. widths. The test sections are a series
of geometrical patterns intended to present infor-

mation on the factors most likely to be degraded
in television film reproduction. The test targets
appear in the following order; ahgnment and
resolution, low frequeney response, medium fre-
" quency response, storage charactérlstlc, gray scale
and brightness eontrol. Each section. is preceded

by an explanatory title. 16mm test films are used

for the follewing tests:

SOUND OPTICAL ASSEMBLY ADJUSTMENT

Two types of film are available, a 7000 cyele
record for precision adJustments following over-
haul and a 5000 cyecle record for quick service
adjustment. Both films are original recordings,
rather than print. Each carries a special square
wave track which was chosen because its output
changes more rapidly with changes in the focus
of the assembly than the output from the usual
sine wave high frequency track, and also gives a
sensitive indication of the errors in dzimuth ad-
justment. Films are used as loops and adjust-
ments are made for maximum output meter read-
ings,

ALIGNMENT OF THE SOUND RECORD WITH THE

SCANNING BEAM

Buzz track test film is used for this purpose,
The track consists of an .076 in. opaque center
with a square wave signal frequency of 300 cyeles
recorded just outside that area on the picture
side -and another of 1000 cycles just outside that
area on the side nearest the film edge. Guides
should be adjusted so no sound is heard from
either frequency.

Standard sound record widths are .060 in. to
072 in. Some sound optical assemblies produce 4
light of sufficient length to reproduce both fre-

 quencies when the agsembly is only slightly out of

adjustment.
Buzz track film is an original recording made
on a special machine built for that purpose.

UNIFORMITY OF SCANNING BEAM ILLUMINATION

This film requires the use of an output meter
and a picture projected light on the screen. A
narrow sound track .005 in. wide, modulated at
congtant level, by a 1000 cycle tone sweeps across
the scanning 11ght beam from one end to the other
at a uniform rate, the position of the sound track
relative to the ends of the light beam at any in-
stant bemg shown by an animated diagram ap-
pearing in the picture area.

If the scanning beam illumination were abso-
lutely uniform across the width of the seanned
ares, the output of the 1000 cycle tone would be
constant. In practice, however;, some variation of
the meter reading will always be observed. The
film is made up into loops of 34 ft. for the labora-
tory type and 3814 ft. for the service type. By
running & loop continuously and observing the
indieations of the output meter while adjustments

are made it is usually possible to correct uneven-
ness of illumination and bring the variations of
output within a limit of = 1. 5 db. Sometimes a
new exciter lamp will correct uneven meter read-
ings.

FLUTTER

The 3000 eycle flutter test film is a direct posi-
tive original recording and carries a 8000 cycle
tone havmg extremely low flutter content for use
in measuring the flutter introduced by sound re-
producers. A flutter meter is required to make
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this measurement. The total flutter content of
the film at the time of shipment is less than 0.1%.
SYSTEM' FREQUENCY RESPONSE

The multifrequency test film is 2 direct positive
original recording and is wused to obtain the elec-
trical frequency response at the output of the
power amplifier.. Each film is individually cali-
brated and contains 14 frequencies each preceded
by a speken announcement. The deviation of
the test filin record from the intended flat response
characteristic.is stated as a correction for each
frequency which will give a true level when it is
added algebraically to the output level measure-
ment obtained when using the film.

Calibration data and instructions are packed
with each film.

SYSTEM GAIN TEST. : ,

The 400 éycle signal level test film is a direct
positive original reécording designed to furnish as
nearly as is prdcticable an absolute standard of
recorded signzl level for use in measuring the
efféctive amplification and output of sound sys-
tems, taking into account the sound optical system
and photo tube as well as the amplifier.

TRAVEL GHOST TEST o

Travel ghost is a blurring effect in the picture
as seen on the screen and evidenced by vertical
tails. or light streaks added to the projected
images -of the transparent area on the test film.
It is ecaused by the projector shutter being out of
synchronism with the intermittent mechanism.

The testfilm travel ghost target shows improper
timing -of the shutter quite readily and gives a
clear indieation of the correct adjustment.

PICTURE STEADINESS TEST

This filmi permits the unsteadiness of a pro-
Jected filmt image to be measured. As a steadiness
reference there are three round holes punched in
the picture area. The two lower holes are pro-
duced by a single punch stroke that is indexed
from the adjacent standard film perforation, the
one that locates that particular frame in the
aperture on many projectors. The upper hole is
produced by the sueceeding stroke. Relative mo-
tion between the upper hole and the lower pair is
a direct indication of inherent unsteadiness of the
film resulting from expected inaccuracies in the
perforatitig’ of ‘the film because it is a plastic
material.
_ Simultaneous motion of the upper hole with the
lower pair permits the image unsteadiness pro-
duced by the projector urnider test to be observed.
Residual unsteadiness of films approved for sale
is no greater than 0.05% of picture width.

CHECK oF FINAL RESULTS

A film containing picture and sound of known
quality should be selected.

The Research Council sound projector test film

contains three dialogue samples, a female solo
sample, orchestral and piano music. .
The Society produces a sound service test film
which contains title music, buzz track, sound
focusing test, constant frequencies from 50 to
6000 cycles, dialogue and piano music. This film
is intended to provide an inexpensive overall
quick test of projector performance.
A complete list of 35mm and 16mm test films
is shown in the catalog of the Society and Re-
search Council and is available for the asking.
See final section, “Test Charts, Slides and Films”
for availability. '

CAMERA CHAINS

The most frequent cause of trouble here is

small tube failure which ean be prevented to a
large extent by regular tube checks. Tubes with
weak emission can be replaced by ones known to
be good. Spares should be kept at hand at all
times for quick replacement if trouble occurs
while the camera chain is operating. In making
replacements, be certain that power is OFF, and
that capacitors are DISCHARGED. Here, as in
most constantly operating equipment, serious
burns can result from carelessly touching tube
envelopes.
. Another frequent source of improper operation
is failure to check control settings. It is suggested
here that the approximate control settings be
written or typed on a small card to be fastened
to the camera for the benefit of inexperienced
personnel. .

Fube Checks

One simple method of testing the tubes in a
circult for the presence of microphonies is to tap
each tube lightly with the eraser end of a pencil.
A “noisy” tube can be located by observing the
raster of the picture monitor during the test.

In making tube checks, tube testers of the
emission type should be avoided, using mutual-
conductance tube testers instead where applicable.
A permanent log of the usage on all image orths,
iconoscopes, ete., is suggested. Experience has
shown that such logs (or card files) will often
point out tubes likely to go bad in the near future,
and may often show up repeated failures of a
certain tube which can then be traced to defective
or partially defective cireuitry, or possibly to a
defective lot of tubes.

Waveform and voltage charts will be furnished
by the manufacturer of each type of camera, and
should be regarded as standards to be used in
tests on each individual camera.

In addition to the monthly tube checks sug-
gested in the preventive maintenance schedule,
frequent checks on cameras for geometric distor-
tion are suggested. These may be effected by use
of test pattern charts, slides and film as recom-
mended by RTMA and SMPTE.

When faulty operation of the camerg oeeurs,
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the four major eircuits of the camera ordinarily
¢an be checked quite easily as follows:

Veftzqal deflection: Check waveform.
Howvizontal deflection.: Check waveform.
Operating potentials of picture tube: Remove the
tube and check voltage and coritrol ranges.
Picture amplifier. Touching the grid terminal of
the input stage with a screwdriver or other
small - “antenna” will usually produce oscilla-

- tions if the amplifier is all right. If no act1v1ty
is indicated, checking for lighted heaters in all

stages, or for cathode bias voltages will often

lead to the trouble point.

With these relatively simple checks, the defec-
tive area can be isolated and a more detailed
exaniination made. It will be found that the

manufacturer’s instructions in each case are very

explicit.

SYNCHRONIZING GENERATOR

The timing, formation and shaping of a televi-
sion picture signal which will conform to the
standards set by the FCC starts with the proper
functioning of the synchonizing generator. For-
tunately, the newer types of synchronizing gen-
erators give very little trouble over long periods
of time. Tt has been suggested that since this is
the case, an effort be made at least semi-annually
to acquaint, personnel with the possible causes of
failure so:that when trouble is experienced, the
operator will have some idea where to look for
the cause:

Two of the most comion causes of failure of
the synchonizing generator are variations in the
power supply and tube failures.

Deviations in the power supply will, among

other results, cause the picture to “roll”. ’l‘hls can
be guarded against by regular checks on power
supplies and tolerances in voltage regulation
equipment which, in most cases, Is requlred to
insure reliable operation.

As the tubes in the synchronizing generator
grow old, they may cause small variations in the
amphtude and pulse widths of the output s1gnals,
or may cause unwanted pulses to appear in the
positive region of the output signal. Unless tubes
or voltages vary greatly from normal, pulse shapes
can be returned to standard by adJustment of
external controls.

The small vacuum tubes used in this equipment
item are relatlvely stable, but quite often slight

variations in operating characteristics of similar

type tubes dictates that each tube be replaced
in its former socket after it has been removed for
testing. (This may be found to be good practice
throughout all other equipmient in the station.)
After a tube has completely failed, or as a result
of the tube tests is expected to fail soon, and is

replaced, the synchronizing generator should be
checked for proper operation and adjustments
made immediately, rather than wait until the next
day’s operation begins only to find that, due to the

change of one small tube, the generator is not
functioning properly.

It has been considered a good policy in many
stations to have a second synchronizing generator
for use as a spare, and to test both before begin-
ning the day’s programming to be certain they
are both operating properly.

In all equipment of this nature where a large
number of small tubes is employed, a large num-
ber of stations have found it profitable from a
standpoint of economics, as well as trouble—free
operation, to keep the equlpment runmng on a
24-hour basis. This practice is applicable in many
sections of the station’s equipment where the
daily thermal cycles definitely cause deterioration
of tubes and parts.

FIELD PICKUP (REMOTE) EQUIPMENT

Periodic inspection and cleaning of equipmernt
used outside the studio is especially important
since it is constantly subjected to jolting and to
conditions of excessive dust and moisture, and
possibly to wide variations in primary sources of
power,

Particular attention should be paid to the re-
moval of dust which may cause current leakage
or arc-over between high-potential points. Need-
less to say, all surface dust should be removed
before beginning internal cleaning to prevent dust
particles from falling inside where they may be
hard to dislodge. All bushings and teérminal
boards should be kept free of dust.

" Frequent visual electrical and physical inspec-
tion of ‘wires and terminals becomes even more
important on field equipment where eonneetlons
may become strained from jolting during moving
from one location to another. Good, firm (but
careful) pulls on lead wires may ‘feveal high re-
sistance or broken connections which can then be
repaired before failure occurs.

When fuses are renewed, fuse cartridge caps
should be clean and dry to insure good contact
and to prevent fuse heating due to contaet resist-
ance.

One of the more frequent causes of trouble in
field equipment is the improper setting of con-
trols. Controls can be properly set before the
equipment leaves the station, but it may be also
found helpful to record the approxunate settings
on a small card which can then be attached to
the equ1pment item and referred to at the remote
point. This is particularly true when the eguip-
ment is operated by several different techn1c1ans,
rather than one man who always has the responsi-
bility for remote set-ups.

Camera lenses should be removed before leav-
ing the station, covered with the lens caps, and
stored in felt-lined carrying cases. Such cases
should be both moisture- and dust-proef.

The remote vehicle should have spare tubes,
cables, fuses.and other parts subject to wear with-
in instant reach of the technicians.
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: TUBES -
- It has been found that a television station
‘equipped for both film and live telecasting employs
around 1800 tubes in the overall system of studios
and fransmitfer. These tubes range from the in-
expengsive miniature type to the image orthicons
which cost about $1200 each. Naturally, it is im-
possible in an article of this type to completely
cover the idiosynerasies of such a variety of tubes,
but since tube failure is one of the major causes
of equipment failure, it may be well to point out
a few general precautions to be observed in their
handling. :

To begin with, the same life expectancy of a
tube used in video circuitry is not always as
great as that of the same tube when used in audio
equipment. However, many tubes may be trans-
ferred to audio service when they are found to be
no longer useful in video, provided of course, that
the length of service in video has not been too
great. A supply of pre-tested tubes should be
instantly available to the operator for quick sub-
stitution when necessary. It may be found desira-
ble to have certain tubes pre-marked for location.

A record of test readings and hours in use on
all eritical tubes i§ considered desirable. In addi-
tion to revealing tubes which are likely to fail in
the near future, such a record may also revedl
types of tubes which are not giving satisfactory
service and which should be studied closely to de-
termine the eause of failures. (See notes on cam-
era chains,) Either a card file or a loose leaf
_ notebook will be suitable for tube records.

Spare tubes, particularly of the transmitting,
eathode ray and image orthicon type should be
operated regularly to prevent them from becom-
ing “gassy”.

When transmitter tubes are first received at the
station, they should be tested at a time outside
the regular hours of operation, or into a dummy
antenna If this is available. The “tube biography™
is then begun with the date of test and condition
in which the tube was received being the first
entries. Transmitter tubes are guaranteed for a
period.of 1000 hours and a pro-rated rebate is
made by the manufacturer if failure occurs before
the completion of the guarantee. Therefore, a
record of the number of hours il operation and
other pertinent data is esseéntial for each tube
until the tube is elimingted from service since
hundreds of dollars are inyolved.

Water-Cooled Tubes

The proper care and mainteniance of water-
cooled tubes is of primary importance in insuring
good service. These suggestions are made as a
general outline. They should be checked against
the instructions given for different types of wa-
ter-cooled tubes by the manufaeturer since such
instructions will vary. See especially the notes

from RCA on the 8D21.
1. Installation of the water-cooling system, and
of each new tube placed in service should
be in strict accordance with the manufae-

turer’s instructions. Improper operation for
only & few minutes ¢an ruin a tube,

2. Always use distilled or water of equal purity
in the system. Tap water or even the spring
water used for office water coolers often con-
tains impurities which become electrostat-
ically precipitated and form scale which in-
terferes with the proper operation of the
system.

3. Remove filter strainer regularly and clean
out any sludge that has formed. This should
be done quite frequently during the run-in
period; and periodically thereafter.

4. After cleaning the system, water should be
circulated for a short time and then the en-
tire system refilled with fresh distilled or
equally pure water. Never allow chlorinated
water to enter the system as it greatly in-
creases the corrosion rate of the pipes and
ducts in the tubes.

5. Regular oiling and greasing of the system
motor should be a part of the mainfenance
routine.

6. Avoid operating the water-cooling system at
too high a pressure, since this will eause ex~
cessive water turbulance in the tube passages
with the possibility of an inc¢rease in miero-
phonies. .

7. 1t is highly important to protect cutside in-
take of the water-cooling system before cold
weather begins. (In one station, the intake
system was installed in the basement of the
trangmitter house with no further protec-
tion. The first night the temiperature
dropped below freezing, the intake system
froze causing a great deal of damage and
expense before the situation could be cor-
rected.)

Air-Cooled Tubes

In general, the maintenance of air-cooling sys-
tems is relatively simple. Air filbers should be
regularly inspected and cleaned or replaced when
necessary. Small strips of cloth tied to the blower
will give an instant visual check on whether or
not the system is working. A suggestion has been
made than when the system is first placed in oper-
ation, the temperature of the initake air and out-go
air should be noted and the differential established
as an operating standard for the system. (Each
system will be found to have its own differential.)
The same temperature measurements may be
made monthly, and as soon as a wide departure
from the standard appears, a check on the system
can be made to determine the eause. In making
such a check, try the filters first. The cause will
usually be found in a clogged filter. Periodically,
jackets should be removed from the tubes and fins
cleaned with a soft, lint-free cloth. Fins, of course,
should be perfectly clean on initial installation,
Fan and motor bearings must not be overlocked.
Lubrication will depend on whether the bearings
are sealed or open, sealed bearings requiring at-
tention only every few years. :
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" The Image Orthicon E

If improper operation is experienced, make as

many checks on the adjustment of all controls on

. the camera as possible before attempting to dis-

‘mantle the equipment. In many cases, dismantling

can be prevented if these precautions aie taken.

The correct input signals and voltages should be

available before beginning any work on the cam-
era.. o

As with all tubes, the life of the image orthicon

will be greatly increased by its proper operation:

1. The tube should be allowed fo warm up be-

fore operation—if it is being used outdcors,

the target heater may be used to shorten

the warmup time and to keep the operating

-ftemperature at the correct level. Check the

correct operating temperature limits recom-

mended for each tube and be certain that

they are maintained throughout the opera-

tion. Operating at temperatures lower than

those recomimended will result in “sticking”;

excessive temperatures lead to migration of

the photosengitive material among the ele-

- ment§ of the tube, resulting in improper

operation such as loss of resolution and pos-

sible permanent damage to the tube. Listen

ovecasionally during the operation to be sure

the blower is functioning. ,

2. Failure of scanning for even a few minutes

* when light is incident on the photocathode

‘may permanéntly damage the surface of the

target. If the camera must be left unat-

tended for any reason, possible damage due

to scanning failuré may be avoided by cap-

ping the lens and biasing off the target. It

© 1s good insurance to avoid cutting off the

beam current, since a small percentage of

image orthicon tubes may be damaged by

such a practice. The beam current should be

kept.as low as possible to give the best pic-

ture quality. The target should always be

-scanned to full size, and overscanned during
rehearsal and stand-by periods. -

3. The tube should never be allowed to focus

: on g stationary bright seene for more than

.o few seconds. Here again, the result will

be “sticking” of the picture. If the retained

or “sticking” picture persists, it can usually

be removed by focusing thé camera on.a

.- rough, white surface; in other words, by

flooding the photocathode with light.

4. Continued operation of an image orthicon
. having an ion spot will eventually cause
permanent damage to the target. ’

B. Check the seene illumination and use correct
leng stop. ‘ '
6. Use lowest beaim current with proper target
. voltage  for best signal-to-noise and gray
scale reproduction, - .
7. New image orthicons should be tested im-
. mediately upon receipt and operated for sey-
eral hours before being set aside as spares.
Spares should be operated for several hours
at least once a month to keep them free of

any traces of gas which may be liberated
during prolonged storage.

At one time, a practice of “shelf rest” and/
or rotation of image orthicon tubes was rec-
ommended. It has been found, however, that
this does not necessarily result in longer tube
life or improved operational quality and, in
fact, oncea tube has been placed in a camera,
it is better to leave it there until it becomes
defective. s

MISCELLANEOUS

A few other general suggestions on studio
equipment maintenance may be mentioned here.
Switching Systems L

If a switching system is properly installed and
adjusted, little or no wiaintenance is required.
Most modern relay systems are enclosed and. have
a self-cleaning feature for contacts. Such systems
should be tampered with as little as possible.
Covers are to be kept dust-free so that, should it
become necessary to open them, dust will not fall
into the relays. A daily routine of operating each
relay will be found of great use in improving the
operating record of the equipment and in showing
up other equipment failures. Switchés in a push-
button electronie system require the same care.
This should, of course, be done after regular oper-
ation hours. Audio faders must be wiped clean
frequently, using a soff lint-free cloth moistened
by earbon tet, * If relay contacts in-either audio
or video ecircuits must be cleaned, this should be
done with a blower using clean air and use of a
burnishing tool made for the purpose.

Momnoscope Camera ,

Other than dusting and cleaning and the reg-
ular tube checks, little maintenance is required for
the monoscope. Checks on its non-linearity are
eagily made during the time the camera i being
used to show test pattern. o

Monitors .

The monitors are of extreme importance to stu-
dio personnel; both technical and production peo-
ple depend on them. for producing programs of
optimum quality. In addition to the regular dust-
ing, cleaning and tube checks, frequent tests
should be made for non-linearity as well as tests
for resclution and gray seale, Ithas been observed
in some stations that monitors are poorly main-
tained as to linearity and focus, and-are very
often made of broken-down or. cast-off receivers.
Such practice is deemed improper, not only from
the technical standpoint, but the psychological
standpoint on producers, directors, actors. and
others who may not have the technical kinowledge
to evaluate the resultant picture.

Stabilizing Amplifier
. Improperly adjusted controls and fube drift
gecount for ‘most of the troubles here. Correct
signal voltages (as recommended by the manu-
#§ee Note 12 in Safety section.
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facturers) should always be available at the input

jacks. Regular cleaning and inspection of cable

connectors and tube checks will avoid most fail-

ures. In addition to the tube checks, cable socket

voltages should be regularly measured.
Capucitors

Dust must be removed regularly from high-
voltage capacitors since its accumulation tends to
cause arc-overs and increases chances of eguip-
ment failure. If the method of cleaning with lint-
free cloths is used instead of a bellows, extreme
caution must be exercised to see that the capac-
itor is inoperative and DISCHARGED before
handling. Leads and terminal connections must
be regularly checked for loose or broken connec-
tioris and the insulators checked for cracks.

An excessive rise in the temperature of a high-
voltage capacitor may be detected by placing the
palm of the hand against it after a long period
of operation. Be certain that the capacitor is in-
operative and DISCHARGED and that the case 1s
grounded before touching these capacitors. High
resistance paths to ground have been known to
develop and a normally “grounded” case conductor
can become very “hot” electrically. This may be
an indication of impending failure from dialectric
leakage or improper ventilation. Prompt replace-
ment will avoid loss of air time from over-heated
capacitors.

Low-voltage capacitors do not require as much
care as those of the high-voltage type, but should
be kept free of dust, oil deposits and other foreign
matter. Since the leads used here are not as
rugged as those in the high-voltage type, greater
care is necessary in inspection for loose or poorly
soldered connections.

Different organizations have found widely dif-
fering lengths of service for electrolytic units.
Twelve to thirty months seems to be the minimum
and maximum periods of service. Dried out capac-
itors are one cause of hum bars in the television
image. Excessive temperature rises often result
in nonlinear scatnning; since the capacitance is
known to vary with temperature changes.

Resistors

Check load resistors and terminating resistors
at least once each year, and replace if there is a
critical deviation. Dust should not be permitted
to collect on any resistor, especially in high-volt-
age circuits. Snap-in resistors should have firm,
clean contacts to prevent heating at the terminals.
If a resistor is removed for cleaning, be certain
to follow through making sure that it.is properly
replaced, otherwise damage may result to the
equipment when it is energized.

Patch Panels and Cables
In both video and audio systems, jacks and
plugs should of course be maintained in perfectly
clean condition. If a faulty cable develops, it
should be removed from service and sent to the
repair shop immediately. Plugs in audio equip-

ment should be polished regularly. Visual inspec-
tion of the connections is very important.

TEST CHARTS, SLIDES AND FILMS -

Reference has been made in this article to test
pattern charts, slides and films recommended by
SMPTE and RTMA. :

The Society of Motion Picture and Television
Engineers (SMPTE), 40 West 40th Street, New
York 18, N. Y. has test films available in both
16 mm and 35 mm sizes. The SMPTE “Test Film
Catalog” which lists desceriptions and prices of all
test films produced and sold by the Society and
the Motion Picture Research Council can be ob-
tained free of charge by addressing SMPTE.

‘Radio Television Manufacturers Association
{RTMA), 777 Fourteenth Street, N.W., Wash-
ington 5, D.C. furnishes a resolution chart which
was prepared by its TR4 Committee on Television
Transmitters for the purpose of standardizing
resolution measurements. The cost is $2.00 per
copy. RTMA does not furnish slides or test films,
but its resolution chart has been prepared on
slides, motion picture films (both 16 mm and 35
mm), film strips and photo paper sensitives by
Loucks and Norling Studios, Inc., 245 West 556th
Street, New York 19, N. Y. A copy of the cur-
rent price list may be obtained from Loucks and
Norling.

A television station may design its own per=
sonalizéd test pattern.built around the ones rec-
ommended either by RTMA or SMPTE, or some
completely different idea of its own which may
then be reproduced on slides, films or opaques.
At least one manufacturer can furnish a custom-

* built momnoscope with a personalized pattern.

Some stations use two different test patterns——
on¢ of the RTMA or SMPTE type which is used
to check the alignment, resolution, ete. of pickup
and projection equipment; and for “on the air”
use, a much less complicated one which provides
identification of the station and some engineering
information for the use of servicemen in installing
and adjusting receivers in the viewer’s home. The
designer of the second type of test pattern should
remember that its primary purpose is to enable
the viewer or serviceman to adjust the television
receiver for maximum detail and 1ot solely for
its artistic possibilities. ’

~Part 3 of the FCC Rules and Regulations,
“Radio Broadcast Servieces” which includes the
Standards of Good Engineering Practice for Tele-
vision Stations may be ordered for 20¢ per copy
from:

Superintendent of Documents

Washington 25, D.C.

RTMA “Electrical Standards for - Televigion
Broadcast Transmitters Channels 1-13, TR-104-
A” may be ordered for 90¢ per copy from:

Radio Television Manufacturers Association

Wyatt Building C
 Washington 5, D.C.
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