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Lie thods of Measuring Voltage Amplification of Amplifiers

Introduction

Amplifier circuits used in radio work fall into t T
:
ro dis-

tinct classes depending on whether they are used to amplify
the radio-freguency currents before detection or to amplify the
audio-frequenc3^ currents produced by the detector. These two
types of amplifiers are called respectively "Radio-frequency
amplifiers" and "Audio-frequency amplifiers," This paper de-
scribes methods commonly used a.t the Bureau of Standards for
measuring the amplif icat ion of the tr ro different types. As the
amplifiers are most commonly used the voltage amplification is
the most important and is the only one considered in this paper.

I «' Measurement of Voltage Amplification of
Audio-Frequency Amplifiers

.

With the arrangement here described the voltage amplification
of audio- frequency amplifiers having amplification up to 30 000
can be measured at any audible frequency for which a supply voltage
is available « Most two stage audio-frequency amplifiers have a
voltage amplification of less than 5000 so that they fall well
within the range of this method of measurement.

A diagram of the circuit is shown in Fig* 1, the parts being
designated as follows:

1. Amplifier under test,
3 and 5 . Voltage dividers for rough and fine adjustment of

ground potential*
4, 5 ,

6 and 7 . Variable resistors an indicated*
3v Slide - ire.
9* DFDT quick acting switch,,

10. Telephone receivers.

The audio-frequency generating set which should be caoable
of givin about 5 volts at the desired frequency is located at
some distance from the test circuit in order to prevent induction
in the amplifier or leads. The leads from the batteries to the
amplifier are ma.de an short as possible.

If it is desired to measure the input voltage supplied to
the amplifier a voltmeter of the thermal type may be connected
to the input terminals of the circuit and the value of the input
to the amplifier calculated from the value of the resistances.
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If the amplifier under
there is no electrical connec
terminals, one of the output
to prevent howling. If it is
c onn ec te d to the o atput

,
the

t e s t i s t ran s f o rm er—c oupie d whe re

lion between the input and output
terminals at 9 mu s t b e g r o ur: d e

i

any other type having the input
output terminals must be ungrounded.

To maize a measurement the audio-frequency generating
set is adjusted to the desired frequency by comparison with a
tuning fork of that frequency . The voltage across it is applied
to the input circuit of the amplifier as shown in the diagram.
The voltage across the telephone receivers 10 is then adjusted
to equal that across R. This is accomplished by varying g and
r until cte intensity of s oundjin the telephone receivers is the
same lor both positions of the 1 switch 10. g is so adjusted shat
the required setting of r lies well v. i thin the limits oi the
slide wire scale, under the limitation that R must be ke x.t small
iu oorpa-j <

-iv? i-ith. the impe dance of the telephone receivt rs *

Resistors 4 and 6 are a d jus t o d t o ;ive th e 1 e as t 1 u \ e r sit y o f
sound in the tele phone receivers with which satisfactory obser-
vations can be made. Voltage dividers d and 0 are adjusted so
that there is no sound in the phenes when r — o

.

In making comparisons of the intensities of sound in lie
telephone receivers for both petitions of S the ear is concentra-
ted on the fundamental frequency of the generator1 disregarding
as rar as possible the harmonic free uerc is s present

.

Jhen the intensity of the sound is the same with the
switch 9 in either position the voltage amplification

I*

The frequency of the generating set is changed and the
amplification measured over the audible range, from these data
a curve is plotted showing the variation in voltage amplification
w ith free uen c v

.

(general Precautions.

hvery time resistors 4 and 6 a.'e changed
taken to make sure that there is no output from
cior when r is zero . I': is generally desirable
measurements

,
to keep the input voltage cons ten

amplification may vary with changing input «.

care should be
the test ampli-
v/hen making

,
: j we the

In making
phone receiver;

s e r i e me;

m che comparison oi

should be used
mol i ui e r s

,

specified. A pair of v/estar LI
receivers have been used m :.ios t

this apparatus.
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The mcasur erne 'it L.x scribed here is open to the criticism,
that it disregards the power consumed by the input cf the am-
plifier, and likewise ' the voltage across a given pair of
telephone receivers as a criterion cf the output of the amplif i-

The power consumption is not negligible in actual use and it is
likely to affect the operation of the detecting device with
which it is used in ratio reception. The output voltage may
vary greatly with different types of telephone receivers.

l I , Measurements of Vo ltage

Amplification of Radio—j?rc< • cy Amplifiers

oasis ting of one

The voltage amplification of Radi o-frequeue y amplifiers
•r more stages of ra tic-frequency amplification

and a detector can be measured with the apparatus herein describ-
ed at frequencies of 500,000 to 75,000 ( wavelengths of 600-4000
meters )

.

m d mc asurinr a pp a.ratus are c o mplet clyThe amplifier
enclosed in a screen wire cage which shields the apparatus
from the radio—frequency generating set an’] from stray radii. -fr<
quoncy signals or disturbances, and is supplied with modulated
radio—fr • lency and audio—frequency current from apparatus cut-
side of the case.

Sep: ante measureme nt s are made on the radio, Ictector,
ana audio stages, the amplifier under U U o o Lit ires all tn ree
v/nich may involve separating
parts 'i the instrument.

tne snncctions of the various

reference to pir

used tor tme measurement ca
It consists cf a.'lviiw'Cj »

.a understood oy
measured radio-

fret ucncy volt a ve c om Diet; 1a t c a

)

i •

)

th e mplifier inpu

t

and measuring the aud io-fro qucnc y detector output by comparison
with a kno\ :• audio-fr i ncy volta e . a the same frequency; then

iking a similar me >r tube 1 mo, apply-
ing the r: iio fre no tc bin i pt t 1 v t r tub! .

e its au&io-fr quency output. B c« ii ti on rf 1
'

2 3m ts the ben involving the detection coefficient is
eliminated and the -absolute voltage amplifi tier ;he ra Lie—
f re uenc; stages ..lone is thus 'known. The au di c- f r e

.

u ono y stages
are measured separately as described in the measure:ae wo of volt—

am.pl ifi( -ion . i c - x re c_u eney amp ±i tiers a e

.

In Pie:, 3 is shown the i re ui t an c. ay x arm s a o

tnese me asurements

,

1 X i X 0 »

. tic ;em. re ore art-eci Lr c tte d

Leads to ra i ic—freruenc j supply
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2. Leads to audio -frequency supply
3. Terminals connected to input of amplifier under test
4. " " " output "

‘ " " "

5. rPDT switch
6.. Galvanometer shunt resistance
7. Sensitive low-rosi stance vacuum thermoelement
8. 3-stage audio -frequency amplifier
9. Audio-frequency transformer

10. Grid leak, 2 megohms, and 2.5 volt battery
11. Mica condenser, 0.02 microfarads capacity
12. Crystal detector (carborundum) (These may be replaced
13. MiHi ammeter (by a thermoelement and

(galvanometer
14. Filament battery terminals
15. DP3T switch
C. Variable condenser, maximum capacity 0.005 microfarad
G. Sensitive galvanometer
L-^ and Lg radio-frequency coupling coils
R. Radio-frequency link resistance
R? Decade resistance box, 0-1000 ohms
Rg Decade resistance bo;:, 0-1GC00 ohms
V . Hot-wire voltmeter, 0-30, 0-150 volts

The modulated radio frequency is supplied by an electron
tube radio-frequency generating set enclosed in a metal lined
box and placed about 3 meters from the cage. The wave length
of the generated radio frequency can be varied from 600-4000
meters using the two coils with which it is equipped. The plate
voltage is about 120 v. alternating current supplied by a small
500-cycle motor generator, which also furnishes through a step-
down transformer 30 volts to the leads 2.

The radio-frequency voltage having the frequenc 3
r at which

measurements are to be made, is introduced into the cage by means
of the coils L^ and Lg, the coupling of which can be varied.
The coil Lg outside the cage, has an inductance of about 140
microhenries, and since it is in an untuned circuit is used over
the entire range of wave lengths. Two coils are used at Lg
in the tuned circuit, L^-C-15-7-R, inside the cage to cover the
range of wave lengths required, one the same size as l>2 used from
600-1500 meters, and a larger coil having an inductance of about
850 microhenries used from 1500-4000 meters. This input circuit
is tuned tc the frequency of the current in Lo by varying the
condenser C.

The amplifier input is the iR drop across the resistance
R due to the radio-frequency current flowing through R, and is
varied by using different values of R and verging the current
through R by changing C. This current is measured by the thermo-
element 7, and galvanometer G which are calibrated with tho shunt
6 at the value used. The resistances used at R are standard
high-frequency link resistances (See Bureau cf Standards Circular





Letter Circular 86—l/b6/23 5

74 page 176) varying from 0 to 50 ohms . They must bo measured
occasionally on a direct current bridge to check their resistance
as they do not remain constant.

If the amplifier to be measured has only radio frequency
stages and a detector tube, its input and output terminals are
connected tothe terminals 5 and 4 respectively; but ii the ampli-
fier has one or mere audio stapes, the terminals 4 are connected
inside the amplifier to the output of' the detector tube, which
will bo across the primary of the first audio-frequency trans-
former, if transformer-coupled stages are used, or across the
impedance in the detector tube plate circuit is impedano e—
coupled stages are used. Telephones are connected, to thg. ampli-
fier in their normal position

,
using the audio-frequency ‘stages

as in actual operation. The filament terminate of the amplifier
are connected to terminals 14, and the leads from these terminals
connected to a filament battery. The grounded input terminal at 5 <

marked G should be connected: to the filament side of the arnpli-
#

fier input, and short leads -used in all come colons to the am-
plifier.

The audio-frequency comparison voltage is supplied to the
switch 5 through twisted loads by the voltage divider at Hg

,

consisting of a resistance P.^ variable by one ohm steps from
0-1000 ohms to which are connected the leads the 12 DT switch,
in series with resistance Rg variable from 0-10000 ohms in la-
ohm stops. The voltmeter V and supply voltage from the audio
frequency source are connected across Ro as indicated.

Either the audio-frequency output voltage o

amplifier or the comparison vo
divider is connected to the in

.tape obtained from the
e test
voltage

mo bile voltage-indicating
by the three-stage resis-

amplifier 8 and transformer 9

circuit by switch 5, and is amplified
tance-coupled audio-frequency
causing an alternating current to flow in the circuit 9, 12, la.
This current is rectified by the crystal detector 12, and deflect:
the i.c . miliiammeter 13. The detector and railli ammeter may be
replaced by a thermoelement and galvanometer.

With the frequency of the radio-frequency
to trie desired value, the zero resistance
the switch 15 closed and the in.ut circuit

generating set adjusted
link is inserted at ?.,

tuned by varying G until
a large deflection is obtained on galvanometer .G

,
being very cere-

ful to prevent excessive current flowing through the thermoelement

«

With switch 5 up, connecting the voltage-indicating circuit to

the amplifier output, there should be no deflection on the milii-
ammeter as the test amplifier input is short circuited. If there
is a deflection, and it continues even with switch 15 open, it
may be due to "howling” of the permanent amplifier 8 and may be
eliminated by adjusting the filament current of 8. If a deflec-
tion is observed on 13 with 15 closed, and. none with 3 5 open, it
is due to induction in the test amplifier, or resistance in the
contacts at R. The contacts at R should be cleaned and the input
leads of the amplifier shortened, eleirninating as far as possible
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any induction iron the coil 1^ to the amplifi er.

VJhen no deflection of 13 is
ire c v. enc y c u-: re n t f1 O' inn (15 e 1 o °

in ,lace of the zero reels tance at
r erne vin e; s. linLllI, lucre as in;, h
is obmined on tno miHiammeter 13

observed - ith the radio-
ed), resistance ' inks ui e i t

F.
,
always open 1 1 be tore

until a suitable deflection

is nor connected to the voltage—
indicating circuit by throwing switch 5 down, and ?.^ and gg are
adjusted until approximately the same deflection on' the ir.itliars

obtained as pr eviously . Switch 5 is throve to the up

The comparison voltage
• i ng circu i t by t lir owin <

an
:1 'G

,
J- "I

meter is
position again
being e as ippod
rnent

,
until ex

5 either up or down. jfop

now equal to the cornpar
voltage E across Eg and
to e amplifie r c u t

' s u t v

o

the amplifier input varied b;a
i arm.11 variable condenser

c 1

1

y the same de flection is qb

t

down, vhe audio—frequency outp
son voltage across h-

07 s' o It, .a tEg measured

to t;

rying G, it
for fine adjast-

aiped with switch
ut voltage e ^ is
and since the'

er
~T

. is kno n.

9-h - E' --1
E1 + -u

) c i nj call brat e d
,

th

e

from the galvanometer
The thermoelement and galvanometer

current, i, flowing through R is obtained
deflection, and the radio input voltage

e • = i R
JL

These • measurements are repeated at
quencies at which the amplification is to

cue di iferent ire

—

o e cl e , e rm i n e d •

Then the input terminals, 5, are disconnect- 3. 'bom "he
amplifier inpus and connected directly to the detector tube in-
put, removing the connections from the precedin'; radio-frequency
stages to the detector tube if necessary . This can usually be
done by leaving the grounded terminal at 3 connected to the
filament, and connecting the other terminal temporarily to the
grid condenser of the detector tube, Input 1.. ut vol J

are measured at the same wave lengths at which the previous
measurements were made, calling these new voltages of the de-
tector tube alone; e -

1 and ex'
1 0

From the following relations;
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in which/-

) is the detection coefficient (See Letter Circular
No.

$

7 ) °f 'the detector tube and ^iv the voltage amplification
of the radio frequency stages; the voltage amplification,
combining

,

for any given wave length if e 1 = e^'

.

General

Some trouble may be experienced by changes in the radio-
frequency input while making measurements due to changes in the
line voltage from which the audio- frequency generator is run,
which may be partially eliminated by running the generator on
storage batteries.

In view of the fact that a radio-frequency amplifier, as
it is usually assembled, involves three separate pieces of
apparatus, it is believed that it is not possible to obtain a
significant or adequate doterminat ion of the merit of such a
device without considering the radio-frequency stages, detector
and audio-frequency stages separately, according to the process
described here. Data upon the overall amplification, as indi-
cated by a direct determination of the output voltage of the
audio-frequency stages relative to the applied radio-frequency
voltage, are likely to be of little assistance in locating the
weak points of a given combination as an aid to dosign. It will
usually bo found that the audio-frequency output voltage of the
detector tube alone is less numerically than radio-frequency
voltage pplied to the first stage, even when there are several
stages of radio-frequency amplification, on account of the in-
herently inefficient operation of the detector.

Feb. 27, 1925.

Other Methods

Since the original issue of this circular other methods
have been developed for the measurement of the voltage amplifica-
tion of radio and audio frequency amplifiers. The electron tube
voltmeter which has been used in its various forms in other work
may be used for the measurement of voltage amplification at
either radio or audio frequency. The use of the electron tube
voltmeter for the measurement of voltage amplif ica/t ion of radio
frequency amplifiers is described in "High Frequency Amplifiers"
by H.T.Friis and A. G. Jensen, Bell System Technical Journal, vol.
3, Page lgl, April, 1924-.

Department of Commerce,
Washington, D.C.
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FIG. I. CIRCUITS FOR MEASURING AUDIOFREQUENCY VOLTAGE AMPLIFICATION

.

RADIO- FREQUENCY

MODULATED at

AUDIO- FREAUENCY

FIG. 2.

SIMPLIFIED DIAGRAM OFCIR.-

CUIT5 FOR MEASUREMENT OF

VOLTAGE AMPLIFICATION OF

RADIO-FREQUENCY AMPLIFIERS

AUDIO FR.£.QUEJSCY/"\

VOLTAGE.




