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3 JULY, 1958 

NEW STANDARD FREQUENCY MULTIPLIERS 

The TYPE 1112 Standard Frequency 
Multipliers provide sine-wave ignals of 
1, 10, 100, and 1000 m gacycle when 
driven from a 100-kilocycle source. Thus 
they greatly extend the useful range of 
conventional rystal-controlled fre
quency standards, such as the General 
Radio TYPE 1100-A, and facilitate ac
curate mea urement of microwave fre
quencies. The e multipliers are charac
terized by low noi and by almost om
plete freedom from ubmultiple-fre
quency spurious signals. In addition, 
the phase stability of the ou pu signal 
at each desired carrier frequency is 
maintained at a high value instead of 
being rapidly degraded a it may be in 

om conventional mul iplier circuits. 
The multiplier chain consists of two 

units, the first providing 20 milliwatts 
at 1, 10, and 100 megacycle from thr e 
pha e-locked quartz-crystal oscillators; 
th cond, 50 milliwa t at 1000 mega
cycl s from a phase-locked klystron os
cillator. The input to the fir t unit, 
TYPE 1112-A, i normally 100 kilocycl 
but al ernatively, 1, 2.5, or 5 mega
cycles1 can be used. The second unit, 
TYPE 1112-B, is driv n from the 100-
megacycle output of the first unit. The 

Figure 1. Panel view 
of Type 1112-A Stand
ard Frequency Mul-

tiplier. 

input fr quency can vary a few parts in 
106 from the nominal alue without loss 
of control. The multiplier stag can be 
manually detuned on either side of he 
nominal standard frequ ncy by an ad
di ional few part · per million if de
sired, provided that the operation of the 
multiplier is carefully monitored to pre
vent improper operation. Figures 1 and 
2 are panel view of the wo units. 

Principle of Operation 

The underlying principle on which 
the phase- tability and noise-redu tion 
properties of these multipliers are ba ed 
is the use of a narrow-band filter to 
select only th de ired output harmonic 
at each output frequency. The filt rs 
used at the three l°' frequ nci are 
quartz cry tal ince they afford the 
high t possible Q and hence narrowest 
bandwidth, in thi frequcn y range. In 
ord r to maintain th e crystal filter 
at th corr ct re onant frequency to 
pa the de ir d harmonic, ea h cry tal 
is incorporated in an o ·illa or cir ·uit 
who e frequency is phase lo .. ked to the 
de ir d harmonic frequency by an au to
matic-pha e-control loop. 
lWhen 2.5 1\1c or 5-J'.Ic input is used, the 1-J\Ic output 
cannot be used. 
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At th 1000-Mc output frequency, a 

phase-locked kly ron o cillator is used 
as a sele tive filter to eliminate un

wanted harmoni of the control fre
quency, thus operating in much the 

sam manner as the locked cry tal os

cillators at lower frequ ncies. ince, 

how ver, the Q of the klystron re onator 
is not extraordinarily high, the pha e 

modulation noise inh rent in klystrons 

is reduced by m an of negative feed
back. The automatic-phase- ontrol loop 

for the 1000-Mc klystron feeds back 

pha e noi e over a wid frequen y band 

to reduce pha e in tability, the r ference 

standard in this case being tal�en a the 

multipli d harmonic of the crystal-con
troll d 100-Mc drivinrr ignal. 

Block Diagrams of Multiplier Units 

The op ration of the multiplier chain 

unit can be und r tood easily with the 
aid of th block diagram of Figure 3 

(TYPE 1112-A) and Figure 4 (TYPE 
1112-B). 

The Type 1112-A Standard Frequency 
Multiplier receives a driving signal from 

the 100-kc fr qu ncy standar and mul

tipli.e it to 1000 kc. The signal from the 

1000-kc crystal oscilla or i then com-

Figure 2. Panel view 
of Type 1112-B Stand
ard Fre quency Mul-

tiplier. 

pared with the 1000-kc multiplied ignal 
in a tuned, balanced, pha e d tector. 

The output signal from the phase de
tector is a d-c control voltao-e, which is 

applied to the grid of a reactance tube 
connected to the crystal-oscillator cir
cuit. When the cry tal-oscillator fre

quency is adju ted close to the frequency 

of the 1-Mc harmonic of the tandard 

frequency, the phase-detector ignal 

driv s the reactance tube to the proper 

value of r actance to synchronize he 
cry tal frequency exactly to that of the 

standard-fr quency harmonic. 
A small re idual pha e error remains, 

but, as long a the cry al-os illator fre

quency is within the lock-in range of 

the s stem, the cry tal o cillator stays 

locked directly at the harmonic fre

quency of the s andard. The phase error 

provides the controlling voltage which 
holds the crystal oscillator in lock, or, 

putting it in different term , the ervo 
loop is clo ed with a small static error. 

If the cry tal tend to drift, the phase 
error changes, and the change in the 

controllino- voltage readju t the react

ance tube to hold the pha error to a 

minimum. Since the crystal has a high Q, 
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the instantaneou pha e ability of the 

cry tal o cilia or is hicrh , and the lock d 

oscillator then ha good hort-term 
tability, while it long-term stability 

is identical with tha f the frequ ncy 

standard us d a the driving source. 

If the serv cir uit, in ludino· the 

r actance tub , pha e d teeter, and ref
erence harmonic gen rator, in rodu e 

n01 e into the r actanc -tube grid cir
cuit, frequency- or pha -modulation 

uoi e can be g nerated in the ry tal

o cillator sio-nal. The bandwidth of th 

f edback signal i k p narrow to mini
mize this noise. Thu a lean, ry tal

coutr lied ignal is available at the exact 

harmonic frequency d ired. 

In Figur 3, the fun ·tional diagram 

of the 10-Mc and 100-Mc tage i n

tially id ntical with tha of the 1-Mc 

ag . There are only minor di.ff r n s 
in the circuit o t k are of the dif
fer nt perating condi ion at the dif

fer nt fr qu ncie . A balanced pha e 

d t ctor is used at 10 M , but an unbal

an d pha det or i u ed at 100 1c 

to i mplify the cir uit. The 100-Mc 

cry tal-o ciliator circuit uses a fifth

ov rtone-mode cry tal, and requir s 

circuit refin m n ts to insure stable op

era ·ion at the fifth overtone. 

The Type 111 -B tandard Frequency 

.NJ. illtiplier pro vid output at 1 0 1c 

from a locked klystron o ciliator. In 

I -1001< 
FROM PRLJ FREQ STD.1 

I 
I 
I I 
I 

ALTERNATE! 
INPUT: I 

t.O, Z.�. J 
OR �Mel 

I 
I 
L 

TUNEO 
PENTOOE 

AMPLIFIER 

IOOt<c:: 

FRE • 
MULTIPLIER 

x 10 

IOOKc TO 100 Mc LOCKED CRYSTAL 

OSCILLATOR STANDARD FREQUENCY 

MULTIPLIER 

TYPE 1112A 
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2 &AK� 
I AG5 

o:.%NI�t'tAN5!?ENN1¥-s 
(INVERSE FEEDBACK} 

OUTPUT 
CONTROL 

= � CONTROL 
AMPLIFIER SIGNAL 

6AU6 

figure 4. Block diagram of Type 1112-B Standard 
Fre quency Multiplier, 100 to 1000 Mc. 

order to prev nt unn s ary conv r. ion 

of amplitude-modulation noi e to fre

qu ncy modulati n veral departures 

from the straio-htforward arrano-em nt 

of th low r frequency stages are in

corporated . 

The frequ ncy multiplication is ob

tained by multiplying 3 x 3 and adding 1 

in ord r to ob c: in 10 times he input 
frequency. This circuit arrangem nt 

p rmit he u of mall receiving-type 

vacuum ube up to the 1 00-Mc t o· s 
and mak s po ible the jn troduc ion of 

a l imiter to insure a con tant drive level 

for the pha e d ctor. 

The reflex kly tron ha a built-in 

"r actance tube ' in j rep ller, which 

allows the op erating frequency and 
pha e o b  adju d by varia ion of the 

repeller voltao-e . A d-c amplifi r i in-

LEVEL 
CONTROL 

LEVEL 

.....Q) I Mc _c_ OUTPUT 
� 

--5) 10 M<: -,f- OUTPUT 

CONTROL 

--0) IOOMc 
_c OUTPUT 
.,.. 

LEVEL 
CONTROL 

TO 
100-1000 � Me 

� MULTIPLIER 

orpor t d jn the r peller 
circuit to i olate the pha e 

t ctor from the r pel ler 

Figure 3. Block diagram of Type 
1112-A StaRdard Fre quency Multi

tiplier, 100 kc to 100 Mc. 

www.americanradiohistory.com

www.americanradiohistory.com


GENER A L  RA D IO EXPER IMEN TE R 6 

and to provide d irable stiffness in the 

phase lock. 
A pencil-triode, grounded-grid, buffer 

ampli£ r is used to rai the output 

power level and to protect the control 
cir uit from out ide ignal d:i turbances 
originating in the external mea uring 
equipment to which the output sirrnal 
is being upplied. The use of a plug-in 

external-r onator kly tron and a pencil
tube amplifier in the 1000-Mc tages 
keeps tube rcpla ement co down. D-C 
hea er power is supplied by a rec ifi.er 
to the klystron to reduce hum modula-

ion, and r gula ed pla e supplies are 
u ed throuo·hout. 

Performance 

Output power from ach of the ampli

fi. rs at 1, 10, and 100 Mc i a maxirnum 

of 20 mw into a 50-ohm load. At 1000 
Mc a maximum of 50 mw is available 
into 50 ohm . 

The purious sio-nals at harmonics of 
the lower-frequency con rol signal are 

all at 1 a t 100 db below the de 'ired 
output sio-nal, except for higher har
moni s of the de ired signal. Thi m ans 
that a ignal at 1000 Mc, for example, 
is not accompanied by a family of 100-kc 
or 1-Mc sidebands, unl ss they are pe
cifically added by external mixing. For 

n1any measurements, such as marker 
genera ion application , this feature 

alone i a great time av rand ometirn.es 
makes the differen e b tw en a practical 

measurement setup and an impractical 
one. The power levels directly available 
are adequate for a large percentage of 

measurement appli ation . The phas 
ji ter, or pha e-modulation noi e, is l ow 

being equivalent to that of a free-run
ning crystal o cillator at 1, 10, and 100 
Mc. The output ignal at 1000 Mc ap
pears to have the sam tability a the 
er stal-controlled harmonic of the 100-
Mc control signal supplied at the inpu 

connection. The amplitude mod ilation 
of the output signals i lik wi e low, a 
a result of the electronically regl.lla ted 

power upplies and th use of high-Q 
tuned circuits for the o cillator s ages. 

Design Features 

The Type 1112-A tandard Frequency 

Multiplier consist of three sections each 
of which recei es a dri ing frequency 
and emits an output signal at a harmonic 
of this input frequency. A rear view of 
this in trument, Figure 5, show the 

manner in which the circuits are con

structed. The hree multiplier sections 
are arranged in three horizon al ro' 

of hielded compartm nt . The top row 
receives the input signal at 100 kc and 
supplies an output ignal at 1000 kc. 
The c nter row gives 10-Mc output, and 

the bottom row 100 Mc. The input con
n ction i normally atta hed to the input 
amplifi r in the top row, at the upp r 
right-hand corner, but may be n'loved to 

th input amplifier of the second row at 

the left ide for operation with input 
siunal of 1, 2.5, or 5 Mc. Ate t meter is 
m unt d on the I ar of h in trument, 

and a series of switches is provid d for 
energizing either the harmonic multipl ier 
or cry tal oscillator, or both at once, in 

figure 5. Rea r view of Type 1 1 12-A Standard Fre
quency Multiplier sl,owing c:orrangement of stages in 

three horiz:ontc:ol rows. 
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Figure 6. View of Type 
1112-A Standard fre
quency Multiplier with 
c h a s s i s  a s s e mbl y 
swung open f or main
tenance, c overs re
m oved fr om 1 t o  10-
Mc multiplier stages. 

each row. These witch are visible at 
the left ide of th rear view. The en ire 
assembly swings out on hinges to allow 
access to he compon nts in each com
partment (Figure 6). Th meters on the 
front panel are permanently connec d 
in one side of the balanc pha -<let c
tor circuits for monitorino- operating 
level and for indicating lo of lo k. 

The Type 1112-B tandard Frequency 

Multiplier is constructed with vertical 
cha is mounting of th power supply 
component and control circuit 1 mcnt , 

he klystron and a sociat d buff r ampli

fi r being mounted in a removabl u b
as embly or "r-f head." A rear vi w of 

his in trume1 t, with the shielding par
ially removed, is shown in Figure 7. 

The r-f head in the center of the unit 

Figure 7. Rear view of Type 1112-B Standard Fre
quency Multiplier sh owing vertical chassis c onstruc

ti on and r-f head (center). 

JULY, 1958 

is removabl to facilitate 
of the r-f amplifi r ·ub 
ea y replacement of oth r in the 

side-mounted chassis assemblies. A view 
of he r-f h ad with the ov r plate 

of th amplifier removed ho' the 

a-rounded o-rid amplifi r using a p ncil 
triode (Figure 8). Thi vi ,. al o how 

the d uning "bu on" for introdu ing 
a small d iation in he fr quency of 
the klystron r onator to h ck for lock

ing of the o cillator. It i al o po ible to 
mount thi r-f head as embl on an ex
t rnal " torage" re onator to improve 
t e ff c iv Q of the kly tron r . on.a or, 
if such an applica ion is ever considered 

ne es ary. 

Applications 

Two separate and distinct applica

tion hav been kept in mind during the 
d v lopm nt of this equipm nt. The 

first, and mo t obvious, is the g n ra
tion of stable, low-noi e micro vav , 

standar fr queu i fr from un
wan t d sideband fr quencies, whi h are 
often pre nt in multipli r hains of 
more conventional d io-n. How v r in 
order to generate the desired marker 
frequencies or micrO"wave tandard fre
quen ie f r variou mea urem nt pur
pose it is ometimes n c s ary to mix 

or add io-nals of different frequencies. 
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1: he output circuits of the 1-, 10-, and 
100-1\/Ic sta�es of the TYPE 1112-A 

t ndard Fr quency Multiplier contain 

coupling n tworks that allow all three 

of these circuits to be connected in 

parallel without short circuiting; each 

other. Th i  arrangement is indicated in 

Fio·ure 9 which al o indicat- a po ible b ' 
method of adding the 1000-Mc signal 

from the TYPE 1112-B tandard Fre

q i ncy Multiplier . Another, and per

hap bett r metho l of adding the 1000-
1\/Ic ignal is indicated in Figure 10. In 
this arrano·einent, the signal from. the 

low-frequen y unit is added to that from 

the high-fr quency unit in a tee, the 

branches being isolated by mismatching. 

A line stretcher in each branch allows 

adju tment of the mismatch for maxi
mum isolation. By u e of th e parallel
ing cheme , it is possible to generate a 
marker frequ ency or harmonic erie of 

marker frequencies at will in the micro

wave system .. For some appli ation , ad

ditional power will be desirable, but for 

many uses the output of the multipliers 

will b adequate dire tly. 

The second application is in the inter
compari on of tandard-frequency oscil-

Figure 10. Arrangement for paralleling output signals 
of Type 1112-A and Type 1112-B Standard Frequency 

Multipliers using coaxial-line adding ne twork. 

Figure 8. R -F head of Type 1112- B Standard 
Fre quency Mul tiplier showing klystron in

stalled in resona tor {below) and grounded
grid 1000- Mc amplifier with cover removed. 

TYPE 11128 �-----
I00· 1000 Mc 1000 Mc 

MULTIPLIER I AMPLIFIER 

CONCENTRIC
_

C�:!
-
� ( 

t.t I'' 

��u 
IOOMc IOMc I Mc 

OUTPUTS 

TYPE l112A 

0.l • 100 Mc 
MULTIPLIER 

L ____ _ 

I 
ADJUST FOR 

MAX. HARMONIC 
LEVEL 

Figure 9. Schema tic diagram showing parallel con
nec tion of 1, 10, ond 1 00-M c output circui ts for appli
cation to generation of microwave hormonics. The 

100- Mc signal is fed in separately. 

lators for stability mea ur m nts. For 
exa1nple, a pair of 100-kc oscillators may 

be compared at 100 l\1c the fr quencv 

variation between them being then 

multiplied by 1000. A frequen y differ
ence of one part in 103, for instance 
would appear a a one-cycle djfferenco 

a 100 meo·acvcles >vhich is eas ily meas-"" � ' 

urable. 

IOOKc 
STD. 

- �RA TK_ D. LEWIS 

LINE STRETCl-l'ER 
(TYPE 874-LA or LK) 

�--L,-- TEE '.::fJ.'.{TY'-'-PE'---=-"B7-"'4--T)�- IQ 
TYP'E 1112--B 

IOOOMc 
LINE STRETCHER 

{TYPE 874-LA or UC) 

1------ L , 

SET L 1 TO ODD QUARTER WAVELENGTH @ IOOOMc 

SET L, TO ODD QUARTER WAVELENGTH @ fOOMc 

� 
� 
100 ANO 1000"« 
(ALSO t, 10, 100} 
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SPECIFICATIONS 

TYPE 1112-A S TANDARD FREQ UENCY M UL TIPLIER 

Input: 1 volt, 100-kc ine wave from tandard
freq uency o illator. Can also be driven at in
put frequ n ie of 1, 2.5, and 5 Mc. Will run 
free with no input ignal, but absolut fr -
qucncy will b in err r by everal parts per 
million unless standardized. 
Output: Four channel ; one ach of 1 Mc and 
10 Mc, and two of 100 Mc; all 'ine w· e; all 50 
ohms ; 20 milliwatts max., into 50 ohm'. 
Terminals: TYPE 74 Coaxial C nn tor ; adap
tor.· are availabl to fit all commonly u ed con
nector type . See Experimenter for M arc h, 1958. 

Power Supply: 105 to 125 (or 210 to 250) volt , 50 
to 60 cyd ", 100 watt . Power input receptacle 
,,·ill ac ept ith r 2-wire (Typ CAP-35) or 

Type 

3-wire (Type CAP-15) PO'\'er cord. Type CAP-
35 2-wire cord is furni"hed. Type CAP-15 3-
wire cord can b prn·chased eparately at 2.25. 
Mounting and Dimensions: R lay-rack panel, 
19 x 12;x( in hes; ov r-all depth, llYz inches. 

Net Weight: 25 p ound . 

TYPE 11 12- B STANDARD FREQ UENCY M ULTIPL IER 

Input: 20 milliwatt::;, 100 Mc, ine wave from 
TYPE: 1112-A tandard-Fr qu ncy Mul ipli 'r; 
50- hm inpu impcdanc . 
Output: 1000-Mc ine wave; 50 mw into 50-ohm 
load; 50-ohm output imp dan c. 
Ne t Weight: 35 pounds. 

Other specification· ar identical with tho e 
for TYPE 1112-A, ab v . 

Code Word Price 
1112-A 
1112- B 

Standard Frequency Multiplier . . . . . · · · · · · · · · · · · I Standard Fre quency Multiplier . .. . . .... . . . .. .. . 

�POCH 
EPODE 

$1450.00 
1360.00 

TYPE 1214-D UNIT OSCILLATOR 
'rhe TYPE 1214-A 2 Unit 0 cil lator , 

which has been upplied for use with 

th TYPE 1611-B Capaci anc T t 
Bridg 1 in the mea ur ment of 1 c

troly ic capacitor at 120 cycles has 
nm b n gi en th ype number 121-l:-D. 

p ifi ation , whi h wer originally 

publi h d in the ugu , 195G, i u of 

th Experimenter remain unchanged, 

and are r printed below. 

l" apacitance Test Bridge." General Radio Experimenter, 
32, 9. February. 19" , pp. 6- . 

SPECI FICATIONS 

Frequency: 120 cycles ±2%. 
Output Impedance: Fow· impedance to match 
the impedance of the TYPE 1611-B Capaci
t nee Test Bridge at four multipli r positions. 
Outpu t: At least 2000 mw into matched load. 

Disto rtion: Les than 3 in o a match d 1 d. 
Termin a ls : The output t rminals ar jack-top 
bindinr- post with tandard %'-inch pa ·i :ng; a 
ground terminal is provided, adjacent to one of 
the output terminals. Jack is provided for c on
n ting external o. cillator. 
Power Supply: Unlike mo t in. trum n ts of the 
Unit line, the pow r supply is built into th 
in trument; 115 volt , 40-60 cycl ' ·; power con
sumption is about 16 watts. 

Type 

Accessories Supplied: p n,r fu e::s; th pow r cord 
i integral ,,-ith the mut. 
Tube: On ll 7N7-GT, whi •h is upplied with 
th instrument. 
Mounti•1g: Alumin um panel and id finished in 
black- Tackl, lacquer. Aluminum du. t ovr-r 
fini hed in ·l ar lacquer. R lay-rack adaptor 
panel available. 

Dimensions: (H igh ) 5%' x (wid h) 5 x (depth) 
6;x( inches, ovcr-nll, not including pow er-line 
connector ord. Net Weigh t: 4 Y2 p und 

Code Word Price 

12 14-D Unit Oscillator . . . . . . . . . . . . . . . . . . . . . . . . . • . • . . •  ABBOT $1 00.00 
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SHORT DECAY-TIME IMPACT -NOISE 
MEASUREMENT 

P rhaps th great s cause of noi e in 
offices (o her than people) are typewrit
ers calculators, and other business ma
chine . Aware of thi , Underwood Cor
pora i n's General Research Laboratory 
in Hartford, Conn cticut, has, for over 
twenty year , carried on a program of 
measurement and interpretation of bu i
nc. -ma ·h:in noi s. 

N oi e from a typewriter is mad up 
of a serie of hart-duration bursts of 

oun L Continuou p ctrum and band
pec rum analyzers are not suited to he 

mea ur ment of the e extremely short 
impact noi es. The eneral Radio TYPE 
1556-A oise Analyzer, howev r, has 
been d sign d specifically to mea ure 
thi ype of noise. 

The d cay imes of the impa t noise 
from typmn·iters are very short, and, 
con quently, the nderwood C rpora
tion found it convenient to modify the 
Impact- .,.. oi e Analyzer to hav lower 

imc con tants for he time-averaging 
circuit. 

The modification for short decay-time 
m a urement i ea ily accomplished. 
The time con tant of the analyzer is 
de ermined by an R- circuit "-hose 

·i tance i \Vith the analyzer's 
CO -sT TT switch. Any one 

Figure 1. Setup used by Underwood for noise anal
yses o f  their "Golden Touch" typewriters. The 
transients are picked up by the suspended micro
phone, am plifled by the Type 1551-A Sound- Level 
Meter, and then fed into the Type 1556-A Impact-

Noise Analyzer. 

of even different resistances can be 
1 ct d to provide charging times from 
2 millisecond to 0.2 second. The recom
m nded modification procedui-e i o 
chang the capacitiv lement to a lower 
value. For example, if this capacitan e 
is halved all the fam con tants of the 
circuit are <livid d by 2, or if he valu 
is reduced by a factor of 5, the time con
stant are then divided by 5. 

Figure 1 how an over-all view of the 
m a uring setup used a the G neral 
R s arch Labora ori of the Under
wood orpora ion. The ase and rapid
ity of measurement po ible with h 
TYPE 1556-A Impact-Noise Analyz r 
pennitted exten ive inv tigatjon into 
the nature of impact noises. Measure-

Figure 2. Oscillogram of typical typewriter noise. 
First impact occurs when bar strikes the platen -

peak value is approximately 115 db and lasts about 
3 milliseconds. A second peak occurs some 50 msec 

later when type bar returns to its rest position. 
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ments could be made quickly and con
vm :ientl to a. certain the ffect of vari

ous typmv-riter modifications. No elabo
rat te t qu:ipment other than the 

Impact-N oise nalyz r an d tl e ound

Lev l Meter w re required for prelimi
nary m a m· men t . s illo cope , tap 
recorders , and oth r test equipment were 

JULY, 1 9 58 

ary onl when detailed inve tiga

tion wer r quired .(Figur 2). 
nderwood Corporation found the 

Impa t-Noi An_alyz r we 1 uit d to 
their m a ' UI' ment ne ds and, with its 
help, were abl to make their "Golden 

Touch ype'\Yriter he quiete t that 
they have ever built. 

VARIAC® USED IN THE JETCAL ANALYZER 
AND TESTER 

In j t air raft, exhaust-gas tempera
tur and ngine pe d are vital to b ·t 

ngin life, ffi ien y, and safe operation. 

Engine temp rature and engine speed 
must be maintained within close limits 
and be indica d a uratel on th pilot 's 

ockpit in truments during fligh . To 
test and to calibrate the sy tern that 

m a ur and indicate th quanti ie , 
th B � I-I In rument Company of 

Fort W or h ha v d velop d the J etcal 
Analyzer and Te ter. 

The J etcal is a ruO'o·ed, portable in
strum nt, 'rhich contains variou ch ck 
circuits , potentiometer, temp rature 
regulator, m t r , wit hes, and he 

n c ·sary prob , cabl , and adaptors 
for performing all tests. For conv nient 
movem nt from one aircraft to another 
along a flight line, th Jetcal ha wheels, 

adju table handle, and support post. 
Unique features of the Jetcal are: 

(1) It is a preci ion in trument of labora
tory ac ura y that i taken to th air
craft, p rforming its func ions anywher 

Figu re 1. View of the Jetcal Analyzer and Tester. 
Wheels and handle permit the instrument to be moved 

conveniently to the aircraft to be tested. 

the aircraft is parked; (2) the Jet ·al 
t t y t m i  isolated from the air ·raft's 
sy t m and thu provide mean for 
checking and calibrating eno·ines and 
coc kpit instruments free of errors or 
limi ations in the aircraft t ms. 

The Jet ·al i l d t det rmine the 

accuracy of th air Taft exhaust gas 
temperature t m without the engine 
running and to r ad engine pe d accu
rately during ngirie run-up. In checking 
the EGT sy tern, the J etcal heater 
probe apply pr i ely m asur d heat 

o thermocouples in he ngine tail pipe. 
Th TYPE V-20 ariac® Autotrans

former is an important compon nt of 

every J etcal Analyz 1 and Test r -

the \ aria i th .J al's temperature 
regul ator. It contro l th t mperature of 
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r . ·i�tru1ce } eat r. in t.h h 

"-hieh : p p ly a<· ·ural l y  m 
t jet ngin t herm · upl 

th rma,l . • .  t m. ) . 

t, r pr be 

a ur 1 h · 

( · o othc r 

Df'pC'll l i 11g lpon i ne volt acrr uvail

al i l  ' . t h  Yar i ·  · w i l l  Ya1 "!-"' th t rn 1  l't -

l l l '  r t l  e • t. ·al ':::. w i -r -wou nd J' ;.;i� -
h�at ·r · fr n 1  0 t o  ._ PI r . · i 1nat el.) 

• " 11 c  l h ' a i n · raf •:-..h au . · ga.: m-
P'�ra t u l' \ syHL m j� ru n c- 1 i m i a l l ,\· f'h (- 1-f' l 
w i l l H  ut h '  •11 g i n  1·u n n 1 1 1 g ,  h P  .JPt ·al 

flg1ure 2. V i' e w  of i nterfor of Jetc a l ,  s h o w i n g  the 
Type \f-20 Variac ii A u l o lra n sforme,. l n1  ·p o s i t.i o n .  

u ·hi ,,. s i m p  H'l tll l K� v i ng. . av i n.u;s r u b l  ,'h < n l i. oh I rr r;o 1 1  t h  

of h i  •l , a\· i ngs of I am 
h n 1 r.· ,  , :n·iug;.· t f 'Hc.1'111 ' 

JI re'8 j uf,t on 
I rio · to .J ' (« I ,  on 
nd u1· r h ad n :tk<'  an t \'( · n  p;P 

l 1r  • f l ib 1 t .  - at a11  :1\'" Pr:1rr ·�· 
..... r,� � r 7  

J W  · h' ur t · ( ' ]  eC"k n j t J l m t e  ' .· eoek-
1 it i uli ·u.l l '  or t · ii p i ]  
\V i th i l ie  .T •t ·al , t h  

· l i hr. t I > w i t h i n  ± 0 u 
fl i h L or ngin rn n n i no-.  

I f  L e.· L b:v .T rt<«tl . h ow. h a  an 11-
gi1w .· 1,:: � · 1  . ·y. · l <'rn i: 1 >I fu n · i i  n in �  
w i t hin ·:tllowc loler:.u c· t h  ,J t ·al \\·i1 l 1  

f\, '.' Pn1 - s i l l  w i t h o u  th n i n · n m-

<l for t hc .Jcfr l 
i "'l l  <'n cri ae< r · b •c ·a 1 1 .Y• i -

fu l ly met> l .  · i o 't:'\Hl l r  
rPl i a b i l i  y ar <l d t ral i l it r in 'll.'t.i in l 
fi kl l K� . 

. J t · a l . ,  w i t h  Varin '8 ttnd · 

iu·d i ly < ' <  mpon • 1 1 • 

1 r \' l i n  w rlc l-wi  l 
Ic re tL i 1 1  3 i 

n 

cl 
hy t h  ,"i t a.l c-. A i r  l• orc , r1ny 

\ "I ) f . -, j t n�jn 
:.u .d airer·  ft man ufa · l u r  r • an<l aidi H<'H .  

The Augu st a n d September n u mbers 1o f  the Exper.imenfer w · n  be c omb1i ned · n  
Q single i s s ue, t o  be p ubl i shed a bo ut September 11 .  

G e n e ral  a dio Compan y 
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