
-

LI.I 
:::c 
..... 

.:::= 
:z: ·; 
Cl: 
U) 
..... 
:z: 
L&.l 
::::IE 
LI.I 
llCll::: 
== 
V') 
ca: 
LI.I 
== 

Ako. 
I N  T H I S  I S S UE 

Pagt! 
TYPE 663 RESISTOR 

-A TA DARO FOR 

UsE AT IlIGH FRE-

Q E CIES . . . . .  6 

A BEAT-FREQUENCY OSCIL-

LATOR FOR WIDE-BAND 

MEASUREMENTS 

• F 0 R M E A S U R E M E N T S and testing 
in the audio-frequency range, many special­
ized instruments have been developed which 
are designed primarily to give the desired 
results quickly and in the most convenient 

form. A particularly good e ample is the beat-frequ ency oscillator a 
a general source of power. The rapidity and ease with which the fre­
quency can be set at any point in the spectrum, and the relatively large 
and uniform power output which can be obtained with low harmonic 
content, render this o cillator of great use as a basic tool. 

Intensive development work on broad-band devices, notably tele­
vision amplifiers, has led to a demand for similar specialized tools for a 
broader :frequency span. Since the so-called video pectrum is simply an 
e_ tension of the older audio spectrum, it follows that, in many cases, 

FIGURE 1. Pan I iew oft.he TYPE 700-A Wide-Range Beat-Frequency 0 cillator. 
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GENERAL RAD IO 2 

the new testing and measuring instru­
ments are of the same type as the old 
and differ from them only in degree. 
This is true, in. particular, of the beat­
frequency oscilla-tor, which, by an exten­
sion of its frequency range, can be made 
satisfactory for use at video frequencies. 
The characteristics which make this 
type of oscilla-tor so serviceable for 
audio-frequency testing are equally de­
sirable for video-frequency work. 

The TYPE 700-A Wide-Range Beat­
Frequency Oscillator is in.tended to 
satisfy the requirements for a flexible 
power source at frequencies from 50 
cycles to 5 Mc. Because the frequency 
range is greatly extended in comparison 
with that covered b the con entional 
audio-frequency instrument, some of the 
design problems are markedly different 
and are of interest as determining fac­
tors in general construction and per­
formance. 

With an established upper frequency 
limit of 5 Mc, the frequency of the fixed 
oscillator is more or less determined at 
a value of approximately 20 Mc. Lower 
values will result in excessive spurious 
beats or ''birdies" and higher values in 
lessened frequency stability. At such a 
high beating frequency the tendency of 
the fi ed and ariable oscillators to lock 

together near zero bea-t is accentuated 
because of residual capacitive and mu­
tual inductive coupling between them. 
The behavior of the oscillator near zero 
beat is consequently not quite as good 
on a percentage frequency basis as a 
similar low -frequency oscillator. In term 
of absolute frequency, the comparison 
is still less favorable since a given fre­
quency percentage corresponds to a p­
p r  oxim a t e l  y a h u n d r e d  -tim e s  the 
number of cycle . The problem of ob­
taining satisfactory performance ·through 
the ordinary audio range and, at the 
same t:ime, obtaining good performance 
in the video range has been solved in 
the TYPE 700-A Wide-Range Beat­
Frequency Oscillator by supplying two 
separate ranges, which can be selected 
by a switch, one covering the span from 
50 cycles to 40 kilocy les and the other 
10 kilocycles to 5 megacycles. 

The amplifier for an instrument of 
this type mus·t follow closely the pattern 
evolved for television purpose . It is 
particularly interesting in this case to 
trace through the interlocking require­
ments and their effects on design. The 
limiting feature in high frequency per­
formance i the hunting effect of capac­
itance of the tubes and circuit wiring. 
In order to raise the frequency at which 
the shunting effect becomes serious to 
a alue of appro im.ately 5 Mc, it i 

FIGURE 2. Functional chematic diagram of the TYPE 700-A Wide-Range Beat-Frequency 
0 cillator. The automatic-volum -control circuit tends to maintain. a constant output voltage as a 

function of line voltage as well as of frequency and load. 
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FIGURE 3. View of the heavy aluminum cast­
ing which h uses the two high-fr quency o cil­
lators. Note that the oscillators are of similar 
construc tion in order that they may have equal 

temperature coefficients. 

necessary to use low-re i tance plate 
loads and, as a consequence, tubes ha -
ing a high value of grid-plate transcon­
ductance. Because of low load re ist­
ances, it is also necessary to use tubes 
having relatively high plate currents in 
order to develop appreciable voltages. 

Two results im.rnediately follow from 
these considera-tions: First, a oltage 
amplifier requires vacuum tubes of the 
so-called ��power'' variety and conse­
quently demands high power input 
which must be dis ipated in the form 
of heat. Second, a L low frequencies the 
com.rnon impedance of the plate upply 
filter be omes comparable with the 
plate load impedance , and regenerative 
and degenerative coupling through th 
power supply becomes of great impor­
tan e. The output impedan e of the 
power upp1y filter must 1-herefore be 
kept low, either by u ing very large 
capacitors or by using an electroni 
type of voltage regulator. 

3 E X P E R I M E .N T E R 

In the case of the TYPE 700-A Wide­
Range Beat-Frequency Oscillator, it was 
felt that physical smallness was a de­
sirable feature. Becau e of the large 
amount of heat generated by -the ampli­
fier tubes it was impo ible to prevent 
the temperature of a small instrurn.ent 
from ri ing appreciably. The effect of 
this tempera ure rise on frequency, how­
ever, was largely eliminated by design­
ing ho-th os illator circuits with low 
temperature coefficients, as nearly equal 
a po sible, and b mounting them in 
two compartments of a rugg d cast 
aluminum box. The box serves to dis­
tribute the heat uniformly between 
them and to minimize an temperature 
differential between the ompartments, 
as well as to furnish ex ellent electro­
magnetic shielding. 

In order to maintain a high degree 
of electrical isolation. between. the two 
o cillators, the detector hosen £01· u e 
with the TYPE 700- Wide- Range Beat­
Frequency Oscillator was the Typ 6L 7 
Pentagrid Mixer. he apac1t1ve cou­
pling through this tube is small and, 
since two separate grids are used, both 
oscillator circuits can be fed in single­
ended, with one side grounded. It i 
intere ting to note that, at high fre­
quencies, the greates·t coupling between 

F1Gl1RE 4. Rear iew of th oscillator, show­
inu detail of construction. The wood n end 
pi�ces can be removed when the instrument is 

to he mounted in a relay rack. 
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FIGURE 5. The CYCLE INCREMENT dia], shown 
her , carries two scaJes, one for each output 
frequency range of the oscillator. The range is 
±10 kc for the high-frequency range and ±100 

cycles for the low range. 

the two oscillators appear to come from 
the small capacitance variations caused 
h modulation of the space current in 
the detector tube. 

In order to maintain as high a degree 
of constancy in output level as possible, 
an automatic volume control has been 
incorporated in the TYPE 700-A Wide­
Range Beat-Frequency Oscillator. The 
a-v-c action is obtained by rectifying the 
output vohage and using the derived de 
to control the gain of a buffer amplifier 

between one of the oscillators and the 
mixer. The a-v-c circuit reduces any 
irregularities in the frequency char­
acteristic and also makes the output 
voltage less dependent upon average 
line voltage. The control with respect 
to line voltage is not an inherent prop­
erty of a-v-c circuits hut is obtained 
in this instrument by deriving the delay 
voltage from the voltage drop across a 
neon tube, which is essentially constant 
as a function of line voltage. Other de­
sign features in the amplifier which con­
tribute to over-aJl uniformity of output 
are degenerative feedback and both series 
and shunt inductance compensation.. 

An interesting side light on the un­
usual design problems en.countered is 
the fact that e tremely good filtering 
is required on the low range. For this 
range, which e tends from 50 cycles to 
40 kilocycles, the beating :frequencies 
are in the neighborhood of 150 to 200 
kilocycles. Ordinarily the amplifier in a 
beat-frequency oscillator of this range 
does not respond to these frequencie • 

and the :filtering necessary is relatively 
slight. In the TYPE 700-A Wide-Range 
Beat-Frequency Oscillator, however, the 
amplifier is perfecdy flat, not only for 
the difference frequency and heating 
frequencies but also for the sum fre­
quency, and consequently a good low­
pa s filter is switched in.to circuit when 
operating on the low-frequency range. 

SPE C IF I C ATI O N S  
- D. B. SINCLAIR 

F requency R ang e : Two ranges are provided: 50 cycles to 11.0 kilocycles, and 10 kilocycles to 5 
megacycles. 
F re q u ency C o n t r o I : The main dia1 is direct 
reading in frequency and carries two approxi­
mately logarithmic frequency sca1es covering 
the ranges specified above. A frequency range 
switch is provided for rapidly changing from 
one range to the other. There is also an incre­
mental frequency control which is calibrated 
between -100 and + 100 cycles on the low 
range and -10 and + 10 kilocycles on the high 
range. Any frequency change made with this 
control adds algebraically to the frequency of 
the main control. 

Frequency C a  Ii b r ation : The calibration may 
he standardized at any time by setting the in­
strument to zero beat with the zero adjustment 
control. This adjustment can he made within 5 
cyc1es on the low range or 500 cycles on the 
high range. 

After the oscillator has been correctly set to 
zero beat, the calibration of the main frequency­
control dial can be relied upon within ±2 % ±5 
cycles on the low range and ±2 % ±500 cycles 
on the high range. The calibration of the incre­
mental frequency dial is within ±5 cycles or ±50� cycles on the low and high ranges, re­
spectively. 
F requency S t  ab 11 it y: Through careful de-
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sign adequate thermal distribution and venti­
lation are provided for minimizing frequency 
drifts. The oscillator can he accurately reset to 
zero beat at any time, thereby eliJninating 
errors caused by any small remaining frequency 
drifting. 
0 u t p u t I m p e d a n c e : The output is taken from 
a 1500-ohin Ayrton-Perrr-wound potentiom­
eter. One output terminal 1s grounded. 
0 u t p u t V o I t  a g e : The maximum open-circuit 
output voltage of the oscillator is between 10 
and 15 volts. Because of the automatic volume 
control circuit, this voltage remains constant 
within ±1.5 decibels over each entire fre­
quency range. 
W ave f o rm : The total harmonic content of the 
open-circuit voltage is less than 3% for fre­
quencies above 200 cycles on the low range and 
above 20 kilocycles on the high range. 
A ·  C Hum: When the oscillator is operated 
from a 60-cr_cle line the power-supply ripple is 
le s than 2 <f'o of the output voltage on either 
range. 
Vo I t  meter: A vacuum-tube voltmeter circuit 
is u ed in the o cillator for measuring the out­
put voltage. The indicating meter on the panel 
is calibrated directly in volts at the output ter­
minals. 
C o nt r o I s  : In addition to the main frequency­
control dial and the incremental frequency dial, 
there is a frequency range switch, and a zero 
beat adjustment. The output voltage is varied 

Type 

5 EXPERIMEN TER 

by a potentiometer control provided near th 
output terminals. 
T erm I n  a I s: The output terminals are jack-top 
binding posts with standard %:-inch spacing. 
The lower terminal is grounded to the panel and 
shields. 
M o unt I ng : The instrument is normally sup­
plied for table mounting, but can be easily 
adapted for relay-rack mounting by removing 
two walnut brackets at the ends of the panel. 
P o wer Supply: A-C power supply, 110 to 120 
volts, 40 to 60 cycles, is used. A simple change 
in the connections to the power transformer al­
lows the instrument to be u ed on 220 to 240 
volts. 

The total power consumption is approxi­
mately 85 watts. 
Tub e S : The following tubes are used: 

2 - Type 6C5 2 - Type 25L6 1 - Type 6J7 1 - Type 6H6 
I -Type 6L7 1-Type 5T4 

All tube are upplied. 
A ccess o ries: A 7-foot power cord, spare fu es, 
and a TYPE 274-ND Plug are supplied. 
D imensi o ns: Panel, (width) 19 x (height) 10_72 
inches, over-all; depth behind panel, 11 inches. 

Screw holes in the panel are the standard 
spacing for mount:ing the in trument in a stand­
ard 19-inch relay rack. 
N et W e  i g h t : 55 pounds. 

Code Word Price 
700-A I· . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ·I OH.G N $555.00 

This inslrument is manufactured under the following . . Putenls and license agreements: 
Patents oftbe American Telephone and Telegraph Compaa solely for utilizalion in re earch, inveBtigation, 1neasurement, le Ling, 

instruction and development work in pure and applied science. 
Pal n No. 1,525, 778. 

G AN GED VARIACS FOR THREE-PHASE OPERATION 
e V A R I A C S mounted in tandem for 
operation by a single control were de­
scribed in. the March, 1937, is ue of the 
Experimenter*. In three-phase circuits, 
two- and three-gang ariac assemblies 
can he used in. the same manner that 

ingle Variacs are used in. single-phase 
*L. E. Packard, "Three-Phase 
tbe VARIAC." 

Type 
100-KG2 

100-KG3 

100-LG2 

100-LG3 

200-CUG2 

200-CUG3 

200-CUHG2 

200-CUHG3 

oltage ont:rol with 

Description 
2 -gang 100-K 
3-gang 100-K 
2-gang 100-L 
3-gang 100-L 
2 -gang 200-C 
3-gang 200-C 
2-gang 200- H 
3-gang 200-C H 

circuits. The mos1: common met.hods of 
connection ar� 1:he wye and open delta. 
A omplete table of ratings and charac-
1:eristi s will he found in. the article re­
ferred to above. Economies in. manufac­
turing have made it possible to reduce 
appreciably the prices previously Ii ted. 
New prices are a follows: 

Code Word Price 
BEAMYGAND 85.00 

BEAMYGA TY 130.00 

BEARDGANDU 85.00 

BEARDGANTY 130.00 

BAKERGANDU 36.50 
BAK.ERGANTY 56.00 

BAGUEGA DU 44.50 

BAGUEGA TY 68.00 
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THE TY P E 663 RES STOR-A STANDARD FOR USE 
AT HIGH FREQUENCIES 

el M PE D A N C E M E A SU R E M E N TS 

at high frequencies, as at low fre­
quencies, are usually carried out by 
comparing unknown impedances with 
standard impedances, the properties of 
which are accurately known at the par­
ticular frequency used. In order to 

pecify an unknown impedance com­
pletely, it is necessary to measure its 
vector components, either as magnitude 
and angle in polar o-ordinates, or as 
resistance and reactance in Cartesian 
co-ordin.a te . 

Measurements are most commonly 
made in term of resi tance and react­
ance components. For such measure­
ments a comparison method ideally 
demands both a pure resistance and a 
pure reac-tance standard, the one for 
comparjson wi-th the unknown resistance 
component and the oth r for comparison 
with the unknown rea tance component. 
Standards, in practice, are never really 
pure because a physical realization of 
any one of the three circuit parameters 
- inductance, resistan e, and capaci­
tan e - ha , in addition to 1:he main 
desired parameter, residual amounts of 
the other two unde ired parameters. 
The existence of these residual param­
eter cau es the impedance of a standard 
to depart from one of the ideal law of 

L 
c 

R 
Frc. RE 1. Equi alent cir­
cuit of fixed resis-tor. R is the 
desired resistance, L and C 
are the undesired residual 
indu tance and capacitance. 

variation with frequency jwL, R, and 

� in both magnitude and phase. The 
1wC 
departure means that no-t only does the 
effective inductance, resi tance, or capac­
itance vary with frequency, but that 
there o curs also a resistive component 
in reactance s·tandards and a reactive 
component in resistance standards. Sin e 
methods of measurement are most com­
monly evolved on the assumption of 
ideally pure standard , it is highly 
desirable in practice 1:0 u e actual 

tandards which have a small residual 
parameters a. possible in order -to mini­
mize correc1:ion terms. 

In any given impedance element 1:he 
effects of residual parameters ordinaril 
increase as the frequency goes up. They 
also tend to be greater for continuously 
adjustable units than for fixed units. s 
rea tance standards, variable air con­
denser achieve a high degree of purity. 
The may consequently be used over 
an extensi e frequency range1• As resi t­
ance standard , continuou ly adjustable 
resistors have not yet been sufficiently 
highly developed to meet the e acting 
requirements of high-frequency opera­
tion. Fi ed resistan e standards, how­
e er, can be built with uch a degree of 
freedom from residual parameters tha·t 
they can be used over a frequency range 
comparable wi-th that co ered by the 
precision type of variable air condenser. 

R E SI D U A L P A R A M E T E R S  

I N  R ES I STA N C E  ST A N D A R D S 

The effect of residual parameters on 
the frequency characteri tic of a fixed 

l ee for i11stance, "A High-Frequency Modelo! the Pre­
·ision Condenser;· General Radio Experimenter Vol. rlII, 

o . 5 and 6, October- ovemher, 1938, page L 
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resistor can be deduced from 
approximate equivalent circuit of 
ure L 

the 
Fig-

In this figure, R represents the desired 
main resistance parameter and L and C 
the undesired residual inductance and 
capacitance parameters. 

The inpu-t impedance of the equiv ­
alen-t circuit can be expressed most con­
veniently in terms of the quantities. 

1 
WO= -.../LC 

and = R/ /L = _B_ '\JC woL Qo 
1 

Do 

by means of 1:he equation 

Ze = Re + jXe 
R 

This equation is readily normalized 
by ividing through by R. The nor-

FIGURE 2. General normaliz d urv 
of resistance as a function of frequency 

for fixed re istor. 

7 EXPERIMENTER 

malized resistive and reactive compo ­
nents are plotted in terms of the ariable 
(w/w0) and the parameter D0 in Figure 
2 and 3. 

While it is logical to suppose 1:hat 
reducing the residual parameters L and 
C with respect to the main parameter R 
will render the effec ive resistance Re 
more nearly constant and the effective 
reac·tance more nearly zero· over a wider 
frequency range, a survey of the curves 
of Figures 2 and 3 raises the further 
question as to whether there is a specific 
proportioning of the limiting re iduals 
which will lead to an optimum design .  

If the product of t he residual induc­
tance L and shunt capacitance C can be 
kept constant, w hile t he quotient is 
varied, D0 can be changed without alter­
ing w0• Under these conditions an opti­
m um design will be reached for con ­
stancy of resistance if D02--- 1.8 and for 
lowness of reactance if D02 = 1. How­
ever, if L and C are not absolutely in -

ersely related to each other, the proper 
proportioning is not o easily deduced. 

IGURE 3. G neral normalized curves 
of reactance as a func·tion of frequency 

for fixed resi tor. 
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In particular it is interesting to kn.ow 
whether adding shunt capacitance to a 
resistor which has a definite fixed in ­

ductance will, under any conditions, 
improve the performance. The question 
cannot he :U:nniediately answered by an 
inspection. of 'the curves of Figures 2 

w 
and 3 because both - and Do change 

Wo 
as the capacitance is added. It can be 
shown, however, that if the parameter 
D02 is less than 1 or greater than 2, there 
is a loss in performance when shunt 
capacitance is placed across the resis1:or 
terminals. If D02 lies between 1 and 2 
'there may or may not be a gain in 
performance, depending upon the fre -
quency range and upon the criterion of 
merit used. 

Curves of effective resistance and 
effective reactance for a typical 10-ohm 
resistor are illustrated in Figures 4 and 

FIGURE 4. Specific curves of normalized re-
ist:ance as a function of frequency for typical 

10 n resi t:or. esidual inductance assumed 
equal to 0.03 µh. Residual capacitance taken as 

parameter. 

FREQUENCY IN Me 

5 as a function of frequency with total 
shunt capacitance as parameter. For 
these curves the residual inductance L 
is taken as 0.030 µh and the minim.um 
shunt capacitance as 3 µµf. 

The minimum shunt capacitance is 
seen to correspond 1:0 the best resistance 
characteristic. For a criterion of good­
ness, 'take the maximum frequency for 
which 1:he resis1:ance remains wi1:hin 
± 1 % of its d-c value. The addition of 
shunt capacitance lowers the maxi­
mum frequency from. 36.5 Mc for 
Do2 = 0.01 to 5.3 Mc for D02 = 1. 
Further addition to capacitance, how­
ever, improves the resistance character­
istic again, until the maximum frequency 
increases to 19.5 Mc for D02 = 1.8. At 
higher values of D02 the resistance char­
acteristic deteriorates from this figure. 

For the reactance charac1:eristic, take 
as a criterion of goodness the maximum 
frequency at which the reactance re­
mains within ±25% of the d-c resist­
ance. The addition of shunt capacitance 
raises the maximum. frequency from 
13.5 Mc for Do2 = 0.01 to 58.0 Mc for 
Do2 = 0.5. Further addition of capaci­
tance reduces the maximum frequency 
again. 

The optimum conditions for resistance 
and reactance are seen to be incom­
patible. If a different cri1:erion for 
optimum reactance be used, the dis­
parity is even more .marked. At D02 = l, 
for ins-r:ance, the reactan e is a minimUill 
for low :frequencies.2 The frequency 
characteris1:ic of resistance, on the other 
hand, is ·the worst for any value of D02 
less than 2. 

At high frequencies, resistance units 
are most often used under conditions in 
which their effective series reactances 
can be tuned out. The more important 

2 This case corresponds to the condition L = CR2 which 
is often approximated at low frequencies {or standard re· 
si t:ors of very low-time const:ant:. n excellent treatn1ent 
of low-frequency resistance design is given on pages 66-82 
of B. Hague's "Alternating Current Bddge Methods" 
3rd edition. 

' 
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characteristic is, therefore, the resist­
ance. On this basis, with the 10-ohm 
unit, no gain will he made by adding 
shunt capacitance. 

However, a 100-ohm unit with the 
same residual inductance heha ves quite 
differently. A shunt capacitance of 
3 µµf, for this unit, corresponds to 
D02 = 1. In this case, the addition of 
2.4 µµf in shunt raises the maximum 
frequency at which the resistance re­
mains within ±1 % of its d-c value from 
53 Mc for D02 = 1 to 195 Mc for D02 
= 1.8, a factor of nearly 4:1. The im­
provement in behavior of the 00-ohm 
unit, with D02 in the neighborhood of 1, 
over that of the 10-ohm unit, with D02 
in the neighborhood of 0.01, is marked. 
It occurs because the higher value of 
D02 is secured without lowering the 
natural angular elocity wo. 

P R A C T I C A L  D ESI G N 

C O N SI D E R AT I O N S 

The design of a line of high-frequen y 
resistors must contemplate, m addition 
to the problem of residual parameters, 
the problems of skin effect, power­
handling capacity, temperature coeffi­
cient, and mechanical ruggedness. 

The bearing of these various factors 
on the design of the TYPE 663 Resistor 
line can best be illustrated by discussing 
them in he following order: 

(1) Minimization of residual param­
eters. 

In order to minimize residual induc­
tance and capacitance the ��straight­
wire" type of construction was selected. 
This type of resistor has been popular 
with experimenters for many years hut 
has not previously been available com­
mercially. 3 

(2) Skin effect and temperature co­
efficient. 

3 See, for instance, "Radio Instruments and Measure­
ments." Circular o. 74 of tbe Bureau of St.andards, pages 
175.176. 

9 EXP ERIMEN,TER 

In order to m1Illilllze kin effect and 
temperature coefficient, manganin wires 
of very small diameter were chosen. 
Through the use of wire diameters as 
small as 0.0006 inch ( o. 54., B. & S. 
Gauge) resistances up to 100 ohms can 
be obtained in wire lengths of less than 
2 inches. 

(3) Proportioning of re idual param­
eters and power-handling capacity. 

The analysis of residual parameters 
shows that, for a given product of residual 
inductance and capacitance, optimum 
results will he ohtained for a value of the 
parameter D02 in the neighborhood of 
unity. In the case of a line of straight­
wire resistors in a standardized type of 
mechanical mounting the best condition 
can be obtained at only one value of re­
sistance, since the residual inductance 
and capacitance. are more or less fixed. 
The resis ance characteristics deterio-

FIGURE 5. Specific curve of norm.alized react.­
ance as a function of frequency for typical 10 n 
resistor. Residual inductance assum.ed equal to 
0.03 µh. Residual capacitance taken as pa-

10 

rameter. 

20 30 40 50 
FREQUENCY IN Mc 

60 
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FIG RE 6. Out:line sket:ch of mechanical con­
t:ruct:ion of TYPE 663 Resist:ors. 

rate more rapidly as D02 increases from 
unity than. as it decreases from unity. 
The design should, therefore, place the 
D02 = 1 point near the high end of the 
re istance range. 

The usual type of straight-wire re­
sistor has relatively high residual in­
ductance in comparison with the residual 
capacitance. This results in. a value of 
D02 which is small compared' to unity for 
re istance values of 100 ohms and less. 
In the TYPE 663 Resistor t:he inductance 
was reduced at the expense of an increase 
in capacitan e by clam.ping 1:he resist­
ance wire down on a thin piece of mica, 
backed by a metal plate which serves as 
an eddy-curren.1: shield.4 

• See, for instance, L. B- rguitnball, "A High-Frequency 
Voltage landard," General Radio Experi"tenter, June, 
1937. 

This construction also erves to in­
crease the power-handling capacity over 
that obtained with a straight-wire re­
sistor which has t:he wire suspended in. 
air, because of heat conduction from the 
wire to the metal plate a'nd subsequent 
dissipa·tion by convection and radiation. 

The final design of the TYPE 663 R -
istor is illustrated in the drawing of 

Figure 6 and photograph of Figure 7. 
With this construction, D02 i in the 

neighborhood of unity for the 100-ohm 
unit and is less for the lower resi tances. 

pproximate frequency characteristics 5 
for TYPE 663 Resistors are illustrated in 
Figures 8 and 9. The values for re idual 
capacitance and inductance upon which 
these curves are based are given under 
Specifications. 

The impor·tance of the type of mount­
ing used with -the e resi tors cannot be 
over-emphasized. Great care ha been 
exercised in reducing the residual pa­
rameters to a minimum. The re idual 
parame·ters associated with the mount­
ing can very easily he om.parable to 
tho e of the resistor. In the case for 
which the curves of Figures 8 and 9 are 
drawn, for instance, more than half of 
the 6.5 µµf effecti e shunt capacitance is 
in the binding post . For high-frequency 
measurements, in particular, caution 

hould, therefore, be used to minimize 
residual parameters inherent in the 
mounting. Careful attention should also 

5 When mounted on a pair of TYPE 138- D Binding Posts 
with one end grounded to a ;!i inch metal panel upon which 
the binding posts are a sembled with TYPE 274-Y Mount­
ing Plates. ee cut under pecifications. 

FIG RE 7. Phot:ograph of T PE 663 Resi t:ors. The disassembled unit: shows the method of 
construction. 
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be given to the question of just wha1: 
change in circuit conditions occurs when 
one of these resistors i placed in circuit 
and taken out. The shorting bar used 1:0 
replace 1:he resi tor, when it is out of c·r­
cuit, should preferab]y have an induc-
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resistance as a function of frequency for TYPE 

663 Resistors mounted on binding posts. 

11  EXPERIMEN TER 

tance le s than 0.005 µh anda capaci1:ance 
to ground of the same order as that of 
the resistor. 
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FIG-URE 9. Ratio of effective reactance to d­
resistance as a function of frequency for TYPE 

663 Resistor moun:ted on binding posts. 

SPE C IFI C A T I O N S 
Resist a n c e Va I u es : Standard units are avail­
able in the following re i tances: 1, 2, 5. 10, 20, 
50 and 100 ohms. 
Ac c Ur a c y: All units are adjusted within 1 %. 
R e s i d u a I P a r a m et e rs : The following table 
gives apl!ro i1nate values for L for the dif­
ferent unit : 

Current for 
Re istan.ce L 40° C. Rise 

1 ohm 
2 ohms 
5 ohms 

10 ohms 
20 ohms 
50 ohms 

100 ohms 

0.0065 µh 
0.013 µh 
0.015 µh 
0.029 µh 
0.032 µh 
0.034 µh 
0.039 ,uh 

1.4 a 
LO a 
0.5 a 
0.35 a 
0.2 a 
0.1 a 
0.06 a 

S k In Effect : For all unit the kin effect i 
les than 1 0 for frequencie below 50 mega­
cycle . 
T e m p e rat u re C o e ff i c i e n t : At nonnaJ room 
temperature the temperature coefficient i less 
than ±0.002 % per degr e Centigrade. 

Maximum Power and Current: The allow­
able power dissipation for a 4.0° entigrade 

Type Resistance 
663-A 1 ohm 

663-B 2 ohm 
663-C 5 ohm 
663-D 10 ohms 
�3� Wohms 
663-F 50 ohm 

663-G 100 ohms 

temperature rise varies slightly with resistance, 
being 2 watts for the 1-ohm unit and 0.4 watt 
for the 100-ohm unit. The rated current for this 
temp rature ris for the different units is given 
in the table. 
T er min a Is : Tb flat metal/late to which the 
resistance wir is attache are used as ter­
minal • and are both slotted and drilled for con· 
venience in mounting. 
Dimensions: (Length) 234 x (width) 134 
inches. Over-all height, % in h. 
N e t W e i g h t : 2 ounce 

0 

J
0.75µ.p.f 

Equi alent circuit of a TYPE 663 Re i tor. The 
0. 75 µµf ground capacitance c orrespond to a 
spacing between resistor and gC'ound of Ys inch. 

Code Word Price 
PA re $5.00 
PARTY 5.00 
p TTY 5.00 
PEDAL 5.00 
PEN L 5.00 
PEN N Y 5.00 
PETTY 5.00 
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GENERAL RAD IO 1 2  

MISCEL L ANY 

• D R .  D O N A L D  B .  S I N C L A I R ,  

a uthor of bot h articles in this i ssue, wil l  
be one of the speakers at t he Second An ­
nual B roadca t ngineering Conference 
at Ohio Stat Uni versity, February 6 
to 1 7 ,  1939. His s ubject : � �Mea urements 
on Broadcast Antennas." 

The value of this Conference to broa d -
ast engineers i s  attested by the report 

of tho e who attended l ast year.  Of par­
ticular interest this year is the Panel 
D iscussion on ��standards of Good Engi ­
neering Practice" led by . D .  Ring of 
the FCC. 

• A P P R 0 X I M A T E L Y 18 tons of 
paper were used in the new General  

adio Catalog . About 1200 pounds, 
or 0.6 ton, are u ed in e a ch i ssue of the 
Experimenter. 
• A  R E C E N T  I N V E S T I G A T I O N 

by the editor shows 79 V ariacs in u se 
i n  the General Radi o  plant. Of these, 
42 are permanently installed and 37 are 
used as laboratory accessories. The per ­
m anent i nst al lations are used for motor 

speed cont rol on winding machine , 
l athes, and ventilator ; for lighting on ­
trol i n  the photographic and drafting 
departments, in the de monst ration 
room, and in test sets in the testing 
laboratory. Those in the la boratories 
are about e ve ly divided between the 
sta ndardizing laboratory and the engi­
neering department . The engineeri n g  
department uses them a s  a source of 
variable voltage for development work, 
the standardizing laboratory to obtain 
a standard lin voltage for testing. 

e T H E  A I R C O N D I T I O N I N G  

B U R E A U , an organization composed of 
Boston men connected with the air con ­
d itioning "ndustry , was addressed on De ­
cember 14 by H .  H .  Scott of the General 
R a dio engineering staff. H is talk, e n ­
t itled ��Equipment for the Measure ­
ment and Analysis of Sound ," was ac­
companied b y  a demonstration.. John. 
Chambers of the B oston office of J ohns ­
M an ville Corporation was a l  o a peaker 
on the same program. 

THE General Radio EXPERIMENTER is mailed wi th out charge each 

tnon th to e ngineers , cien tis t , techn icia ns , a n d  o thers i n teres ted in 

co rrunu n ica tion -freq u en cy rneasu re 1nen t and con tro l pro b lems. Wh e n  

sending req u es ts for s u bscrip tions an d addres -ch an ge n o ti ce , p lea se 
supply t h e following i nfor ma tion : n atne, company na m e, company ad­
dre s, type of b u si n ess co mpany is engaged in, and ti tle or posi tion of 
in divid u a l. 

G E N E R A L  R A D I O  C O M P A N Y 
3 0  S T A T E  S T R E E T C A M B R I D G E  A ,  M A S S A C H U S E T T S  

B R A N C H  E N G I N E E R I N G O F F I C E S  

9 0  W E S T  S T R E ET, N E W Y O R K  C I T Y  

1 000 N O R T H  S E W A R D  S T R E E T, L O S A N G E L E S ,  C A L I F O R N I A  
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