
VOLUME 32 N o. 10 M A R C H, 195 8 

www.americanradiohistory.com

www.americanradiohistory.com


COVER 

The Transfer-Function 

Meter descr i b ed in this 

issue is a completely new, 

n ull-t y p e  device, which 

opens up a new field of 

measurement. The cover 

pho t o graph shows the 

Transfer-Function Meter set 

up for the measurement of 

transistors at 400 Mc. 

GENERAL RAD I 0 � 
enter 

• 

_wer1 
Published Monthly by the General Radio Company 

VOLUME 32 • NUMBER 10 MARCH, 1958 

CONTENTS 
Page 

A Transfer-Function Meter for the VHF-UHF Rangi e . . . 3 

The General Radio EXPERIMENTER is mailed without charge 
each month to engineers,. scientists, technicians, and others 
interested in electronic techniques in measurement. When 
sending requests for subscriptions and address-change 
notices, please supply the following information: name, 
company address, type of business company is engaged in, 
and title or position of individual. 

GE ERAL RADIO COMPA y 
275 Massachusetts Avenue, Cambridge 39, Mass. 

NEW YORK: 

CHICAGO: 

PHILAPELPHIA: 

WASHINGTON: 

LOS ANGE.LES: 

Telephone: TRowbridg 6-4400 

Broad Avenue at Lind n, Ridgefield, New Jersey 
Telephone - N. Y., WOrlh 4-2722 

N. 1., WHitney 3-3140 

6605 West orth Avenue, Ott Park, Illinois 

Telephone- VIiiage 8-9400 

150 York Road, A bin gton, Pennsylvania 

Telephone-HAncock 4-7419 

8055 13th St., Silver Spr.lng, Mar""yfand 

Telephone- JUniper 5-1088 

1000 North Seward St., Los A n ge!les 38, Ca Jif. 

Telephone - HOiiywood 9-6201 

SAN FRANCISCO: 1182 Los Altos Ave., Los Altos, Ca lif. 

CANADA: 

EAST COAST: 

MIDWEST: 

WEST COAST: 

CANADA� 

Telephone - WHilec/iff 8-8233 

99 Floral Park w ay, Toronto 1 5, Ontario 

Telephone CHerry 6-2171 

REPAIR SERVICES 

General Radio Co., Service Dept., 22 Baker Avenue, 

West Concord, Mass. 

Telephone- Concord, EMerson 9-4400 
l.incoln, Cl.earwat·er 9-8900 

General Radio Co., Service D pt., 6605 West North 

Ave., Oa k  Park, Illinois 

Telephone VII/age 8-9400 

Western Instrument Co., 826 North Victory Boule-
vard, Burbank, Cal i f . 

Telephone - Vlcloria 9-3013 

Bayly Engineering, I.Id., First St .. A,jax, Ontario 

Telephone - Toronto EMpire 8-6866 

www.americanradiohistory.com

www.americanradiohistory.com


3 M A R CH, 1958 

A TRANSFER-FUNCTION METER FOR THE 
VHF-UHF RANGE 

The performance of most electrical 

devices and circuits can be described by 
specifying a transfer function, which i 
the ratio of an output to an input 
quan ity or vice versa. The "alpha" 
and "beta" current ra ios of tran istor 1 

the tran condu tance of vacuum tubes, 

the gain of amplifi rs, and the loss of 
attenuators and filters are common ex­

amples of widely used tran fer functions. 
The n w TYPE 1607-A Transfer-Func­

tion Meter1 can measure these and many 

other trans£ er functions over the fre­
quency range from 25 Mc to about 
1500 Mc. Since grounded or ungrounded 
two-terminal impedan es can be tr ated 

as four-terminal devices, 2 they can be 
measured as well with appropriate adap­
tors. Answers, direct reading except for 
a multiplying factor, are ob ain d in 
term of complex components by a null 
method. The phase information provided 
by m.easurement of complex components 
is especially valuable at th e high fre­
quencies, where effects of transit time, 

el ctrode resonances, and stra capaci­
tances usually dominate the over-all per­

formance of a device. 
The Transfer-Function Meter is a 

basi measuring tool, well suit d for 
laboratory measurements because of its 
versatility, accuracy, and wide fre­
quency range. It can also be set up for 

rapid, routine, production tests on tran­
sistors, vacuum tu bes, am.plifier , or 
networks, and a high degTee of skill or 

knowledge on the part of the operator i 

not r quired. Sev ral specific applica-

10riginally described in a paper presented at the 1956 

IRE Annual Convention and ubsequently published in 

the 1956 IRE Convention Record. Part 5, pp. 3-7: 
"A Transadmittance :'deter for VHF-UHF J\Ieasure­

ments . " by William R. Thurston. The name of the 

instrument has been changed to Tran.sf er-Function Meter 

so as to indicate more ompl tely its u es. 

tions, with results of measurem nts, are 
described later in this ar icle. 

TYPES OF TRAN SFER FUNCTION S 

For purpose of this di cu sion, four­

terminal networks ar considered to 
hav parat , but grounded, input and 

ou tpu connection , and three-terminal 
net' ork are con idered to have one 
terminal common to both input and 
output. There are several systems of 
parameters used o des rib the elec­
trical performance of these types of 
networks: 

A. Op n-circuit impedance param­

eters, which are the input and out"Put 
imp dance , Z11 and Z22, and the for­

ward and reverse tran impedances, Z21 
and Z,2• 

B. Short-circui admittance para.m-
t r , which are the input and output 

admittances, Y11 and Y 22, and the for­
ward and rever e transadrnittances, Y21 
and Y12. 

C. H brid ombinations (suoh as the 

h pru·ameters often u ed in u-ansistor 
work) of impedance, admittance, open­
circuit voltage-ra io, and hort-circuit 
cuITent-r tio parameters. For conven­
ience, we define symbols to represent 
these oltage and current ra ios as either 

E or I \\'ith appropriate subscripts, such 

a E21 to mean Eout! E-m ·with output 
open- ir ·uited. 

The Tran fer-Function Meter can 
measure all of these functions. 

2Grounded. l\Yo­

terminaJ impedance 

-
r. l ;---------< J 

Ungrounded_ two­
termi:nal admittance 

-iz 
s-c 
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G E N E R AL R A D I O  EXP E R I M E N T E R 4 

THEORY OF OPERATION 

To measure a tran f r function of a 

network, it is ne es ary to supply to it 

an input driving ignal and to measure 

the resulting output signal in_ terms of 

the input signal. It is al o n ces ary to 

t rminate the n t ·ork outpu in an op n 
cir ·uit if the desired output signal is a 

voltage, or in a hort ircuit if th de-

ir d ou put ignal i a current. If h 

n twork wer terminat d o herwise the 

answer obtain d ·w uld depend on he 

ne work output impedance or admit­

tanc a w 11 a on its tran f r functions3 
and would, con equently, be less u eful 

for g n ral cal ula ions. 

K evertheless, there ar undoubt dly 

applica i n wher one wi he only to 
determin the ov r-all p rforman e of a 
network working into a specific load 

imp dan . In the ca e , it is n ces­

sary to in lude the termina ion a a part 

of h netvvork under t t. Where output 

curren is of interes , the termination 

mu t b in ri , and where output 

voltag is of interest, the termination 

mu t be in shunt. 

Forward tr n f r function are, of 

cour e, m asured by driving the normal 

input terminals of a network under test, 

while re er , som 1m all d "fe d-

back,'' transfer function are measured 

by rever ing the network and driving 

the n rmal output terminal . Two­

terminal impedan es or admittances can 
b conn ct d as four-t rminal network 

in accordan with th diagram given 
in Footnote 2, dep nding on whether a 

grounded or an ungrounded element i 

to be measured. 

n the Tran f r-Fun tion Meter there 
are three identical loop , as shown in 

igure 1, driven in parallel by an x­
ternal generator adju ted to the desired 

fr quenc of mea urement. The cur­

r nts IL, in all thr loops are equal in 

magni ude and pha e. Each loop is 

loo ly coupled hrough electro tati­
cally shielding slot , to an a cia ed 

coaxial line. In Figure 1, only the inn r 
conductor of th e lin are shown. 
Each loop can be ro ated independen ly 

of th o her so as to vary i s cm tpling, 

or mutual indu tan e, to it asso­
ciated line. The mutual inductanc 

are designated Mo, MB and Mx. 
The erie voltages induced in th hree 

line by virtu of the coupling to the 

a ociated loops ar : Ee= -ju.>MaIL, 
EB= - j wMBIL and Ex= -jwMxIL. 

The outer nd of th l f -hand line, 
call d the G lin i terminated in a 

3Exa.mple: Equivalent circuit using impedance parameters: 

Input Impedance 
II Z II 

------ 0-��----J'\AT\r-���� Zero - impedance 
Voltage 

II � II 
E,1 E:=z,2I2 � 

Reverse or feedback 
Transimpedance 

Ie asured forward transimpedance = 

E2 = E'2/I1 = � ,...., Z21 if ZL >> Z22 
I Z Z ' 1 1+ 22 1+� 

ZL ZL 
From circuit and equatious given, it is seen that the 

Output Impedance 
z 22 12 

Load 
Impedance 

ZL 

measured transi:rnpedance equ::i.l the value of Z21 only 

if the load impedance ZL i very large compared to the 

network output imp dance, z22. Otherwi e the mea ured 

value i in error, and the error can be in phase angle, 

magnitude, or a combination of both. depending on the 

phase angle of ZL and Z22· 
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k ow·n, tan rd ndu an 1 0 (2 p mg on :-hi ype 
millimh · ) . Th hara t ri ti' admit- t d. 

of th 01ucial lin and near d Input 
u lil h in 

t 

l 

nd 

Jl 

abl t a d +JYo ab ve 

50 1 h far nd o 

h right-hand lin which i< adj i tabl n c 
in length an ] all d h f\r iw rk Input wl i ·h 

Lin l th m.pu of h 
and 1 1 ri al pr 

qual J h r an quan itie 111V 
fa unrt r 111 rum nt 

figure l. Schematic diggrgm of ·r-f circuits of thQ r·ran$ler-func;tion Meler. 

11B11Line 

"G" Line 

) B5 = ± j 20 mm ho 

t ternal 
De ector 

" , etwork Input11 Line 
Ieng h = n1 A I 4, n = e en 
or odd integer 

Input 

Output 

e work 
Under 
Test 

e · or Output" Line 
lengi h = n2X./4, n2 = e en or odd 
integer (n1 no always equal to n2) 

www.americanradiohistory.com

www.americanradiohistory.com


GEN ER A L  RADI O EX P E R I M E N T E R 6 

couplings until the external detector 
indicates a null condition. At null, the 

voltage a the jun ·ti on of the four coaxial 
lines is zero, and th three currents, I 0, 
IB, and Ix, that enter the detector junc­
tion from, respe tively, the G B, and 
Network Output lin , mu t add up to 

zero. Th es line currents ar readily 

calculated bee.au for thi purpose 
h zero-voltag;e ondition at th detec­

tor junction can be onsidered equiva­
lent to a short circuit. For the purpose 

of simplifying the explanation, the 

leugth of the N ef:work Input and Net­
worlc Output. lines will :6sst be assumed 
to be zero . Under the e condi ions, 

E1 =Ex and I2 =Ix. 
Th current, I a, equals the induced 

voltag-e, Ea times th admittan e of 

the G line, which is he known, tandard 
conductance, Y0. That is, 

Ia= YoEa = Yo(-jwMolL) 
= YolVI a(-J.wIL) 

Th current IB, equal the induced 
voltage EB, times th admittance of 

the B line, whi h is the known, tandard 
susc p anc , ±jY0. Tha i 

IB = ±JYOEB = ±JYo(-.fwl\fBIL) 
= ±jYo111n(-jwIL) 

The current , Ix, equal th product 
of th induc d olta!Ye 1n he Network 
Input line, Ex, and the ransadmittance 
of the network, Y X· Th ref ore, 

Ix= YxEx= Yx(-jwMxIL) 
= Y xllf x(-jwI L) 

When the sum of I0, IB, and Ix is 
equated to zero 'vhi h is th balance 

·ondition the common -jwlL term i 
eliminated, and the basic balance equa­

tion for the instrum nt i obtained : 

Yx Ma .llfB 
Yo

= 
Mx ± JAfx 

The above equation is normalized 
with respect to the haracteri ti ad­
mittance of the line and corresponds 

to the dial calibration, v. hich is normal-

ized b cause impedances as well a ad­
mittan must be mea ured. As indi­
cated bov , the in trument actually 
measures he real and imaginary par 

of the normalized tran admittance, 
Gx B,, 
y 0 and 

Yo
, of the network connected 

directly b ween the input and outpu 

terminal of the instrument: 

Gx 1Vl a 

Y0 Mx 

Bx MB ----

Yo Mx 

Since the connecting line leng hs are 
a urned -o be zero, Y21 = Y x, G21 = Gx 
and B21 =Bx. The mutual inductance 
M x, is the denominator in bo h the 

above equa ion' and hence is a common 

multiplier. The value of the mutual 
inductan e , M x, JJf 0, and MB, depend 

on the angular positions of the loops and 

hence an be adju ted from zero to a 
maximum value by rotation of the loops. 
Th angular position of the G loop can 
therefor be calibrated directly in nor­
maliz d tran conduc an e, the B loop 

in normalized tran u ptan e, and the 
X loop in a common multiplier. Figure 2 
shows these calibra ions which are in­
d p nd n of fr qu ncy and which, by 
virtu of the positive and negative 
range for two of th thr loops, allow 
mea urem nt to b made in all four 

quadrant of the ompl x plane. The 
scale asso iated with the G loop is labeled 
the A cal and is calibrated from 0 to 
1.5. The cale a o iat d with the B 
loop is lab led the B scale and i cali­
brated fr m 0 to ± 1.5. The mul iplier 
is calibra ed from ± 1 to infinity. 

The a umption of zero length of 

lines between the instrument and net­
work made in he preceding analysi 
cannot be realized in practice, since the 

effective mea. urement points are lo-

... 
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ca d within the instrument. However, 

by the adjustment of the Pl etwork Input 

and Network Output lines to odd or even 
multipl of a quarter wavelength, the 

in tru ment can be made to indicate 
direc ly the tran admittance transim­
pedance complex transfer current ratio, 

and complex transfer voltage ratio of 
networks whose terminals are not di­

rectly the actual measurement terminals 
of the instrumen t .  Each of the above 
measurements requires a different set­
ting of the Network Input and Network 

Output l ines and ·will be con idered in 

detail in the fallowing paragraphs. 
In the following discussion , the term 

"half-,vave setting" means that t he l ine 
in question is set to an even multiple 

of a quarter waveleng h ,  which is, of 
course, always a multiple of a half 

wavelength. A half-wave l ine has the 
property of "repeating" at one end all 

voltage , currents, and i mpedances ap­
pearing at the other end with 1 0 de­

grees of phase shift in voltages and cur­

rents for each half wavel ngth. Simi­
larly, the term "quarter-" ave s ting" 
means that the line in que tion is set to 

an odd multiple of a quarter wav l ngth. 
A quart r-,vave line has the prop r y of 

"inverting" voltages into curr nts, im­

pedances into admi tances, and vi e 
ver a.  The reversal of pha e which oc­
curs for each added half wavel ngth 

will be ignored, since i t  does not affect 

he basic theory of operation. 

Transadmittance, Y21 and Y12 
The forward transadmittance of a 

network with its output terminal short-
ircuited is Y21• In ord r to m a ure this 

parameter, the Network Input and Net­

work Output line are both adju ted to a 
half wav length. Under these condit ions 
the output terminals of the n twork 

under test are effectively short-circuited, 

MARCH, 1 9 5 8  

because the half-wave Network Output 

lin terminates at the detector junction, 
which under null condi ions has zero 

vol tage and can be con id red to be a 

short circuit. The half-wave line pro­

duces a similar short circuit at he net­
work terminals and makes I2 =Ix. The 

input half-wave l ine makes E1 = Ex. 
Therefore, 

Y21 = I2/E1 =Ix/Ex= Yx 
= A  

+ jB 
Y0 Y0 Y0 Y0 

where A and 
B 

are the A and B scale 

r ading . 
As previously shown, the in trumen t 

dir ctly measures the normaliz d, real 

and imaginary component of Y x, and 

from t he above equation it i evident 
G B 

h . 1 . d" 
21 

d 
21 

t a it a so in i catcs Yo an Yo · 

The reverse transadmittance, Y12, 
can be measured by the same procedure 
as indicated for the forward transad­

mittance but ' ith the input and output 
connect ions of the network interchanged. 

Transimpedance, Z21 and Z12 
The forward transimpedance of a net­

work with its output terminals open­
circui ed is Z21. In order to measure this 

parameter, the Network Input and Net­

wor'1 Output lines are bo h adjusted to a 

fig ure 2. Dia l  calibrati o n s  of Tra nsfe r-Function 
Meter. 
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quarter wavel ng h. Under these con­

dition the outpu terminal of th n t­

work under test ar effe tively open­
circui- d b a use the quarter-wave Net­

work Output lin inv rt th quivalen 
hort cfr uit a the detector junc i n 

in o an open c ircui t  at th n twork . Al o, 

the output quart r-wave line "invert " 

the voltage E2 into a con tant im the 

curren Ix and th input quarter-wave 

line "inverts" the v l ag Ex into a 
constant time the current I1. It can be 

shown that 

Z21 E2/I1 Ix/Ex . 
-= = = A +JB 
Z0 

Z0 Y
0 

wher Z0 is the characteristic imp dance 
of the coaxial line , 50 ohms. Thus the 

in trument read directly the normal­
ized transimpedance of the network 

inder t t. The r adings are in term of 

the normalized n twork ran re i ance, 
R21 
-Z , read on the A scale, and th nor­

�o 
X21 

malized transreactance, Zo , read on the 

B cal. 
Rever ... e ran imp dance, Z12 i meas­

u red in a imilar manner with he input 

and output n tw rk conne tion re­

versed. 

Transfer Current Ratio, 121 and 112 
The forward tran f r urrent ra io of 

a net\v rk with it outpu terminal 

hort- ir uited is I 21. For thi mea ure­

men t h Network Output line is ad­

ju ted to a half \Va veleng h and th Net­

W<Jr'1 Input line to a quart r waveleng h. 

'Ih output terminals of the n work 

under test are effectively short- ircuited, 

b cau the half-wave Network Output 

line "repeats" the equivalent short 

circuit at the d te tor junction a a 

short cir uit at the network . The half­

wave line al o mal�e I2 = Ix. The 

quarter-wav Network Input lin make 

Ex= j��- Th r for , 

I2 jYx 
I21 = - = - = B + jA I1 Yo 

Thu he in trument r ad dire ly tl 
r al and imaginary omponents of th 

complex tran fer current ratio of h 

network. The "j " term in th above qua­

tion interchanges the real and imagi­

nary scale . 

The r ver e tran fer current ratio, I 12 
can b mea ur d by r v r ing h input 

and ou put connections to the n t' ork. 

Transfer Voltage Ratio, E21 and E12 
The forward tran f r voltag ratio, 

E21, i m a ur d with the network out­

pu terminal open-circuit d. In thi 
ca e he Network Output line is adjus ed 

to a quarter wav length and th Net­

work Input line to a half wavel ngth . 

'Ihe output t rminal f he n worl· 

ar -ffe tiv ly op n-cir uited becaus 

th qu arter-wave Network Output lin 

"inv rt " the quivalent short circui 
at the detector junction into an open 

Clr ui at the netw·ork. Also, be ause of 

th quarter-wave Network Output lin 
jix E2 = Yo' and becau e of he half-wav 

Network Input line E1 =Ex. Th r fore, 

E2 _jYx 
E21=-= - =B +jA 

E1 Yo 
H re again , he in trum nt indica es he 

ompl x open-cir uit tr n f r voltage 

ratio of the n twork unde est with the 
r al and imaginary compon nt cal 

interchanged from th used for trans­

admittance measurement becau e of 

the "j" t rm in the above quation. 
R ver e ran f r voltage ratio, E12 

can be measured by rever in the input 
and output conne tion to the network. 
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PHYSICAL DESCRIPTION 

The physical arrangement of the parts 
of he Transfer-Function M ter corre­
sponds closely to that shown in the sche­
matic of Figure 1 and is illustrated 
further in Figure 3, in which the cover 
of the instrument has been removed and 
the coupling-loop a sembly d ismounted. 
At he left in Figure 3 can be seen the 
main junction block, in which couplinu 
slots are cut into the coaxial l ines wi hin 
the block. When in place, each of the 
three loops in the coupling-loop assembly 
is centered over i ts respective slots and is 

oupled magnetically to the corr spond­
ing line. The Network Input and N eiwork 

Output l ines are of the constant-imped­
ance, "trombone" type, driven i nde­
pendently by separate, rack-and-pinion 
drive having a ·cura tely alibra ted cal "' 
to indicate total effective l ine lengths 
dir · ly in m. Th lin are provid d 
wi h locking sleeve to prevent acci­
dental chang during prolonged work 

MARCH, 1958 

at a single frequency. All h se parts are 
mounted on a heavy alu m inum base plate. 

In the measurement of active d vices, 
espe ially transis ors, i is important to 
keep the applied signal level low. In 
this instrument, the coupling loss of the 
loop between the ex ernal generator and 
the device under t st is about 40 db at 
500 Mc and decreases at a rate of 6 db 
per octave with increasing frequency. 
For te ts on transi tor , in which ignal 
levels should be 5 millivo lts or le , ap­
propriate attenuators (874- ries) 
shou ld be used to reduce the level of he 

signal supplied by the generator when 
nece ary .  

ince t h e  external de e tor i s  usually 
of the heterodyne type wi h a lo al 
os i llator, it is important to prevent 
excessively high local-oscillator signals 
from appearing at he terminals of the 
unknown d vie . Thi problem is sol ed 
by the insertion of a tuned stub, or 
''trap," in parall 1 with the detector in-

Figure 3. Th e Tra nsfer-Fu nct ion Me te r part ia l l y  d isa sse mb l ed to show deta i ls of de sign a nd c onstructi on. 

iii. SUSCt!PTANCE 
STANDARD 

OUTPUT BIAS . TER MlNALS INPIJT BIAS 
.TERMINALS 

NETWORK 
(NPUT LI NE 

NETWORK UNDER TEST 
c INPUT TERMINAL 

NE'TWOfH< UNDER TEST 
K TPUT 'TERMIN AL 

RANGE: �XTENSION 
t:JNIT �OU NTING 

HOLES 

S UPPORT BRACKET 
UNF[ MOUNTING 

rtOlE 

OUTPU"F LINE 
CONTROL f<NOB. 

,. ' � 
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'ml tun d t t th 

lh in. trunl' it. 
In n1 

, I 

v1 ·1 n · ar 
I t tl mpu 
n '  w rk un r 
fc · ('O n n  •ti n to 
p1i r yi. ·il 1 11'1 
int rn, l fill · 

[ll' h 

Blockm9 e's 

"Networ Ou put" 
Line 

e wor 
Output Bios 

Terminal 

Bloc 1n9 C 

nly 
nth 

1ng ff f th n u 
i a mallr Jl 

lll 
Th 

work Input 
u ·h · t all w 

f nll t' 

f h � t-

r-

•• 11 h ll. d 
L' wnei 

iigl r 
a h qu n ·1 . •  

y it- Generator and Detector 
leak- l�ni 

lnput 

Ou tpu 

E ernol 
De e c or 

etwor 
In p 810 
Term1nol 

"Line 

·· ilbt l\ ar 
r witl 

] r::. 

Figure 4. Schematic 

diagram of' d-c cir­
curf'S of the Transfer-

func ion M.eler. 
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MEASUREMENT P ROCEDURE 

The equipm nt is set up by connect­
ing generator, detector, and d-c sup­
plies, if needed, to the Transfer-Func­
tion Meter , and making the nee ssary 
adjustm nt for desired operating fre­
quency and d-c lev 1 . The calibrated 

u c ptanc standard is also set to the 

operating frequency. 
If i olation of the local-oscillator 

signal is desirable, as in measurements 
on transistors, the "trap" stub :i in­
cluded in the etup and i adju ted for 
maxi mum attenuation of the local­

oscillator voltage . 

Next, the Network Input and Network 

Output lines are set to the proper length, 
in accordance with the type of tran f r 
function to be measured . An appropri­
ate component m.ount is plugged into 
the Network ender Test connectors, and 
the unknown d v:ice or netvvork is 
plugged into the mount. The thre loop­
control arms are then adjusted u ntil the 
detector indicates a null ,  and the de­
sired answer is read directly from the 
scale settings. 

If several units of the ame type are 
to be checked at a given frequency, as in 
the case of production testing of tran­
sistors or tubes, each unit ucce sively 
is plugged into the mount (with due pre-

MARCH, 1958 

cautions regarding the d-c supplies), the 
control arms are et for a null , ai'ld the 
answer is read off th le . Thi opera­

tion can be performed very rapidly by 
rela ively unskilled personnel. 

Terminals 

The terminals us�d on the Transfer­

Function Meter are TYPE 87 4 Coaxial 
Connectors . General Radio osc i llators 

and detectors are also equipped with 
these terminals. When generators and 
detector h aving other type oft rminals 
are used, the TYPE 87 4-Q en of 
adaptors provides a convenient means 
of connection. 

For mo t types of rnea urement, suit­
abl mount mu t be constructed (see 
Transi tor Mea urements, below) to 
connect the de i e being measured to 
the measuring terminals. TYPE 874 
Coaxial Connector to fit rigid line, panel, 
and able are available for building into 
these mounts. 

Both adaptors and connectors are 

listed on page 16. 

Sources of Error 

The major sources of error are inci­
dental losses and small reflections in the 
Network Input and Network Output line . 
The minor sources of error are similar to 

Fig ure 5. Vie w  sh o w i n g  Ra nge Exten sion Un it and low-f requenc y s usce ptance standard. 
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A. 

8 

c. 

GENERAL RADIO EXPERIMENTER 12 

those in the TYPE 1002-B Admittance 

Meter
"
· 

s 
and are :spurious cros -cou­

pling b tween the coupling loops and 

their as ociated lines, inductances be­

tween the junction center and the 

coupling points, incidental losse in the 

susceptan e standard, and small re­

flections in the conductance standard. 

In most mea urements, the fr1stru­

ment dial reading can be u ed directly 

without any corrections and will be ac­

cura t within he limits given in the 

specifications at the end of this arti le. 

Some of these error become appreci­

able under c rtain conditions but cor­
rections can be made for them. 

APPLICAT ONS 

Transistor Measurements 

Several different network representa­

tions are used. for transistor , the mo t 
common of which are shown in Fig­

ure 6. All of the transf r parameters 

indicated. in th ircuits an be di­

rectly measured with th Tran fer-Func­

tion Meter at frequencies betw en 25 
and about 1500 Mc. 

l 1' l I z 
' � z 11 zo' z22 Io, 12 

- -

vi • El I I z ' 1, z,' r Vo' E2 0 r 

12 z12 r, z21 

OPEN - Cl RCUIT IMPEDANCE PARAMETERS 

SHORT-C IRCUIT ADMITTANCE PARAMETERS 

h. , ..s I ' 11 E '0 z Io' 12 
.------<.J -

HYBR ID PARAMETERS 

Since many transistors operate at very 

low voltage le el , it i iillportant that 

all applied signal be kept mall during 

the measuremen s. As previou ly men­

tioned, the r-f signal level can be held 

belo' 5 rnv, wh.lch has been found to be 

a sati factory limit. 

The high-frequency performance of 

a transi tor or any other component can 

be greatly affected by the arrang rnent 

of th 1 ad used to connec th lemen 

in a circuit. Th ref ore, for reproducibl 

results, h mount used to connect th 

transistor to the measurement circuit 

must be standardized and mu t permit 

shor lead . In a typical exp rimental 

transi tor mount, the leads are con­

nected to the measuring elements at a 

poin about U2" away from the case. 

Thi arrangement probably is reasonably 

close to that used in most practical 

high-frequency transistor circui s. 

For mea ur ment of th complex cur­

rent ra ios, a (or -h_r), th Network 
Input line i set to a quarter wave­

length and the Network Output line to a 

half wav l ngth, a outlined in a previous 

paragraph. Th lo al-o cillator trap i 
adju ted, with interchange of the gen­
erator and detector connection , by 
adju trnen of the s ub line until mini­

mum output i observ don the meter of 

the dete tor. Th normal connections 

are restored and the tran i tor mount 

plugged into the coaxial conn tor on 

th panel of the instrument. The m ter 

l th n balanced by adjustment of the 
•'Ihurston, W. R., "A Direct-R ading Impedance-Meas­
uring Instrument for he UHF Range,'' General Radio 
Ezpf:rimenter. l\Iay, 1950. 
ssoderman, R. A., "Improved Accuraay and onvenience 
of l\IIeasurements with Type 1602-B Admittan e l\leter 
in VHF and UHF Bands," General Radio Experimenter, 
August, 1953. 

Fig ure 6. Equiva le n t  net wo rk repre sentatio n s  of t ra n ­
si sto rs. Left-hand set of sym bo ls i s  f ro m  .. IRE 
Sta nda rd s  o n  Ele c t ro n  Device s; Meth od s of Te st ing 
Tra n si stor s," Proc. IRE, Vo l. 44, pp. 1 542- 1 56 1 ,  
N ovem ber , 1956. Rig ht- h a n d  set of sy mbo l s c o rre-

spo nd s to t h o se o f  t h i s a rticle. 
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F i g ure 7. Plot of a l p h a  
versus frequency for 
on e>eperimental  h ig h ­
freq u e nc y  t ra ns i sto r 
s u pplied by Bell Tele-

phone Loborotories.  

three arm . J and 

the real and im­
aginary compo­

nents of the cur­

rent ratio are in­
dicated directly 
on the dial cal s .  

The cx. - v  . - fre­

q uency charac­
ter istics of an ex­

perimental, Bell 
Telephone Lab­

o r  at o r i  e , cl i f ­

f u ed-base, ger-

manium transis-

. 6  

- a:  

tor i n  a grounded-ha e conn tion are 
shown in Figure 7 .  

The hybrid feed back fa tor hr ( = E 12) , 
can be easily m asur d by r versal f 

M A RC H , 

. 2  + j a: 
. 2  . 4  .6  

+ a.  

. 2  

-; a: 

6 0 0  

l 9 5 8 

. 8  

• 

1.0 

3 0  

F R E Q U E N C Y  
I N  M c  

the coaxial-line conn c ions betwe n the 

grounded-base mount and the instru­

ment, vhich is ac om pl i  hed by 180° 
rotation of the mount , reversal of the 

F i g u re 8 .  Tra nscod m i ttonce vers us freq uenc y for o gro un ded-cothode 6AF4 vacuvm t ube. 

1 5 0  

8 2 0  

I N  M c  

- 2 00 -150 50 1 0 0  1 50 250 4 7 0-+-����-+-���--i-++-���-+���--,��-�l"'l"'.:�:-t==--��T�R�A�N,.,-l::'S�C�O�N�O�U�C�T�A�N:l:-'-::'C�E:__��-+=--:+-�--=--:c--"-1 
I N M I L L I M HO S 

840 

- 100 

- 15() 
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F O RWAR D TRA N S F E R C U R R E N T  R A T I O, 

I N - PH A S E  C O M P O N E N T ,  1 21 
Figure 9. Forward transfer current rati o  versus fre­

quency for a Type 874-G l O  Atte nuator Pad. 

d-c connections, and use of the pro­
cedure outlined for voltage-ra io meas­
urements.  Under these conditions he 

input is applied to the collector and he 
output is obtained from the emitter . 

Tube Measu rements 

The h igh-frequency, complex, for­
ward and reverse transadmittances of 

vacuum tubes can also be easily meas­
ured u nder dynamic conditions with the 

Transfer-Function Meter. D-C plate and 
bias voltages can be applied o the input 

2 0  

I O  / F R E Q U E N C Y I N  M c  

- 20 - 1 0  § 1�88 1 0  1 20 30  
1-----!---+----UJ �gg C ON D U CTA N C E ,  G ,  

CD <fl 
- o  w :I:  

- 10  

-20  

h �gg I N  M I L L I M H O S  

) 1 00  

40 

� :::!' 
!---+-----+ � ::::; -_3_0-lt------!---+----+----t----1 0. ::: � :::!' 

"' ;z � -"' - 4 0  

- 5 0  

� 3 0 

F R E Q U E N C Y  I N  M c  

10 1 2 

G 2 1  I N  M I L L I M H OS 

T H E O R E T I C A L  

VA L UE  

1 6  

Figure 1 0. Forword tro n sadmitta nce versus freq u e ncy 
for a Type 8 7 4-G l O  Attenuator Pad. 

and output t rminal in the ame man­

ner as with ransistor . Filters mu t be 

provided in the tube mount for heater 

and screen voltage . Ho-v ever, these 

filters are not so critical as are the filter 

associated with the input and output 
c ir cuits. As with transistors, the mount 
must be carefully designed in order to 
give significant and reproducible results. 
The measured tran sadmittance of a 

6AF4 in the grounded-cathode connec­
tion is plotted in Figure 8. The effective 

t ransadmittance first increases with fre­
quency, apparen ly as a result of a 

re onance between the grid-cathode 
capacitance and c athode-lead induct­
ance. At h igher frequencie , other reso­

nanc are apparent, the largest one of 

which i p robably a result of the grid­
p late capa itance and p late lead induct­

anc re onan The larg.e values of 
tran admittan e h mvn do not result in 

correspondin.gly large magni udes of 
gain when thi tub i used in an ampli­

fier since the inpu impedance decreas s 

rapidly as the r onances are ap­
proached . 

Figure 1 1 .  A d m itto nc:e versus frequency for Q 
0. 1 -michrohenry i n ductor. 
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Coa xial-Component Measurements 

The rl ransfer-Function Meter can 
mea ure the transfer admittance or im­
pedance and attenua ion of circu it  
fitted with coaxial connectors. Figure 9 
shows the re ult  f ho rt-circuit cur­
rent-ratio measurem nts made on a 
TYPE 874-G l O  A t nuator Pad and 
Figure 10 shows tran admittan of th 
same pad . Other pos i ble applica ions 
are for filters, coupling n twork , ampli­
fiers, and other four- erminal coaxial 
d vices. 

L u mped-Component M easurements 

The direct admittance betw n the 
two u ngrounded terminals of a circuit 

M A R C H, 1 9 S 8 

or component can be easily measured 
with this instrument.  As is shown in the 
diagram in Footnote 2, the direct 
admittance measurement of a compo­
nent with neith r end connected to 
ground is not affected by the impedance 
from ither side of the element to 
ground . This measu rement i very u efu l  
for determinin t h e  char a c t  r i  tics o f  
floating r e  i tors, r-f chok s ,  capaci ance 
be ' een two unground d terminals, and 

many other t hree-terminal circu its. Fig­
ure 1 1  show h direct admittance of 
one of th choke us d in he d-c upply 
fi lter in the Tran f r- 1 unction 1 eter. 

-�¥ . R .  T H  R TON 
R. A. S O DERMAN 

SPECI FICATION S 

Frequency R a n ge: 25 to 1 000 l\1c ,  with reduced 
accuracy up to 1 500 l\ l c .  

Measurement Ra nges a n d  A ccuracy: 
Range A ccuracy 
Voltage and Cu rrent 

Ratios (R) 0-30 2.5 ( 1  + R) % +0.025 

Tran im pedance (Z21 ) 
0- 1 5000 2.5 ( 1  + 

'I'ransadmittance 
( Y2 1 )  
0-600 m mhos 2 . 5  ( 1  + 

I ��l 1 ) % + L 25n 

I Y21 \ 
-zo) % +o.5 mm ho 

D-C Bias: Term inal are provided for introducing 
d-c bias from external sources. M aximum b i as 

Type 

current, 1 00 m a ;  maximum. bias voltage, 400 
vol ts. 
Generator a n d  Detector: Un it Oscillators an d  TYPE 
DNT Detectors (see list below) are recom­
men ded . 
Other Accessories Availa ble: 

TYPE 1 607- P l O l  Transi tor Mount for 
JET EC-30 base arr ngement, grounded base. 
TYPE 1 607-P20 1 Tube N l ount, 7-P i n l\ 1 in iature 
grou nded-cath de, for 6AF4, 6 A F4 A ,  and 
oth r tubes with ame on nections. 
Case: The in trum ent with acce sories, is 
moun ted i n  a wooden arry ing and storage case 
1 1  � x 1 4 ,Y2  x 40 inches. 
Net Weight: 63 pound . 

Code Word Price 

1 607-A 
1 607-P l O l  
1 607-P201 

Tran sfer-Function Meter . . . . . . . . . . . . . . . . . . . . . . . · 1 
Transistor M o u nt . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Tube M o u nt . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . • .  

H Y D R A  $ 1 525 .00 
Price on Requ est 
Price on R e quest 

Type 

1 2 1 1 -8 
1 2 1 5-8 
1 209-BL 
1 209-B 
1 2 1 8-A 

*Require power 

Type 

GENERA TORS* 

Frequenc'!J Ranqe 

O. S - 50 Mc . . . . . . . . . . . .  . 

SO - 250 Mc . . . . . . . . . . . .  . 

1 80 - 600 M c  . . . . . . . . . . . .  . 

2 50 - 920 Mc . . . . . . . . . . • . .  

900 - 2000 Mc . . . . • . . . . • • .  

upply below. 

Code Word 

ATLA 
ADOPT 
A D M IT 
AM I S 
CARRY 

POWER SU PPLY* 

Code Word 

Price 

$275 .00 
1 90.00 
245.00 
245.00 
465.00 

Price 

1 203-B I Unregulated . . . . . . . . . . . . . . .  · I ALIVE $40.00 
1 20 1 -A Regu lated . . . . . . . . . . . . . . . . . .  ASSET 85.00 

* Plug-in type ; supplie power to any one of the above oscillators. 

�' "'''<:<� �,...,, 
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G E N E R A L  R A D I O  E X P iE R I M E .N T IE R  

Type 
D NT� l 
C NT-i 
DNT-3 
DNT-4 

D ET ECTO R S  
Frequency Range * 

40 - 5 30 M.c . • •  

40 - 2 .so M c  . . .. 
220 - 950 Mc . . •  

870 - 2030 M c  . . .  

1 6  

Price 

C O· A X I A  A D A P T O R S  
8 74-QBJ 
874-Q B P  
8 74-QCJ 
8 7 4-QCP 
.8 7 4-QN J  
.8 74-QN P  
.874-QUJ 
874- 0 U. P  
8 74-Q H J  
874- Q H P  
8 7 4- •Q L J  
8 74-Q L P  

B N C  !P l u g  . . . • . . • · 1 
BNC J a c k  . . . . . . . . 
C P l v g  . . • . . . . . . . •  

$4. 7 5  
4.75 
4 . 7 5  
6. 2 5  
3 . 7 5  
4.50 
4.00 
4.25 
6 . 5 0  
6 . 50 Types OBJ a nd Q B P  

C J a c k  . . . . . . . . . .  . 
N P l u g  . . . . . . . . . . . 
N J a c k  . . . . . . . • • • . 

U H F  P l u g,  . . . . . . .  . 
U H F  J a·c� . . . . . . • . 

H N  P l u g  . . . . . . • • •  

H N  Jack . . • • . . . . . 

ILC P l u g  . . . . . . . . .  . 
LC J o c k  . . . . . . . , . •  

1 9. 50 
30.00 

lso . \•a ila l 1 for onn lion o rigicl a ir-di l C' rjc l i nr. 

C O A X ll A l  C O N N ECTO R S  

Type 874- P iB  
P a n e l  

C o n n e ct o r  

P A N E L  CO N N E ·CT O R  
h e  t r u with 

!la rr an wi h r ur fi 
·1bl  

onl  . _  

Basic 
C o n ne.cror, 

d i s a s se m bled 

B.A S I C  CO N N E CT O R  
h ba i · conn t r fi 

n.. · ia] L in  

for jnn r 
_:!_!1-'--µ_e __ _ 

8 7 4- B  B1:1 sic C o n n.actor I 874- P B  IP· o nel C o n n.ec1or 

u 

Pri 

·o. x n R 1 1><a: -I $ 1 . 2 5  
.\.,- PPLE R 2.90 

C R. E D I TS 
T h e  a u  h r.· w i.·h o ·pre n for 

be many helpful ·ugg . ·ti n. an o r C' n-
tributi ns of man individua.lr durin the de­
v lopm nt of h Tran:·f r- ' u n · ion .:\ l e  er, 
including Dr. J . .:-ir. , arly an .:\I r. D.  E. 

G e n e ral  

n 
Zi , an<l 
Labor-1 ory 

he B U cl phon ab ra orie�. 
Woh l ,  l\ r. . Fri d m. n, I r. I .  . f r. . Youla of th �lat r ial 
r w rork 'Tavnl hipy rd. 

Ra dio Co mpa n y 
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