The author's com-
bination beat fre-
quenty oscillstor snd
qain set. The lstier
section is practically
identical with the
unit deseribed.

A Practical Gain Set

C. G. McPROUD"

Design and construction of a simple gain measuring instrument suitable for the small laboratory or the experimentet.

audie equipment demands the use

of rertain types of measuring equip-
ment, althougl the writer has often
pointed out that the ultimate object is
Yhow it sounds”  However, once a
piece of cquipment is completed, it may
be desirable to determine its eharacter-
istics in orcder that perfornmnee may be
maintained over a period of time at the
original standard without raizing o doubt
as to the quality of the amplifying system
or any of the components.

Une of the most important instmments
usad in awlio work is the gain set.  This
term is given to a spevific form of cal-
ihrated losser which introduees a known
amount of loss into a cirenit.  ts prin-
eipal yse is in the measurement of
amplifier pain, sinee it requires gain of
some sort in order to function properly.
When used for the messurement of filter
or cqualizer chamctenisties, the level
measuring meter at the output may Le
an aucio veltmeter having facilities for
the measurement of levels from 10 to
60 db below the eomuron zero level,
which provides the necessary “gamn.”

This paper deseribes g simple gain sat
which van be vonstructed by the careful
technician with the assurance that it witl
permit the mukmg of varous types of
measurenients with reasonable accuracy.
When used with s vanable-frequency
audic oscillator, [Mequency  response
measurements are possible, together with
perfornnce measurcnients on filters and
equalizers.  When only a  single-fre-

* Managing Editor, Avpio EXQINEERING.
20

Sl'('(.’]':SSFI'L experimentation with

queney souree is availuble, the gain set
will measure the actual gain of an amplifier
at that frequency. Under these con-
ditions, its usefulness is sormewliat linited,
anid there is relatively little need for it,
since the same information cun be ob-
tainedl more easilv. When numerous
measurenients are to he mude, howerver,
with a variable-frequency  oscillstor as
the source, the gain set is prastically
indizpensalile.
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Fig. 1. {A} Basic method of measuring the

gain of an omphﬁtr o1 octher component,

(B) Resulting circuit when component is
simple capacitor,

Theory of the Gain Set

Primarily, the gnin set serves only as a
calibrated  attennator. Im use, it is
connected hetween the source of tone
and the input to an amplifier. The
voltape of the source is measured, and
the voltage at the output is adjusted by
mieans of the pain set 1o be exactly
equivalent to that at the souree.  When
this is done, it is obvious that the loss
in the gain =et is equal to the zain in the
amplifier, and the gnin 15 thus ndicnted

immediately. Tor use with filters or
equalizers which have no pain of them-
selves, it is usual to follow the component
to be measured with an amplifier of
known characteristics, in onder to provide
suffivient grin to make ap for the maxi-
mum loss of the filter or equalizer.

The gain set has one prineipal differ-
ehee from the simple ealibrated atteno-
ator. To understand this, i i first
necessary to review theory inomentarily.
In the first place, a cireuit in which the
voltnge 15 held constant s said to e of
zero impedance.  This is the case at the
cutput of the generator shown in (4)
in Fig. 1, when the gain control 18 ad-
justed to maintain o cemstant ontput
voltage. The metered output of the
generator 8 fed throngh g ealibrated
attermiator to a ecomponent, and thence
to the proper termination across whieh
unother voltimeter is bridged. [f the
sotting of the atlenuator is reduced to
gero, the impedunee at the ontymt ter
minuls of the reasuring equipment is ut
zero mnpedanee. Az the attenuation is
inerensed, the impedance gradually in-
creases until ot losses af over 10db it may
be said to approximate the impadance of
the attemuntor ibself., This will intro-
dure no particular trouble provided the
component is an amplifier so that the
attenuator is set at a loss greater than
10 lls, althougl the measuarcment will
not be truly accurate because the atten-
uator is not nmtehed to the impedance
of the source.

Now, what would happen if the com-
ponent consisted eimply of & capacitor
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across the line as shown ut (8} Ob-
vioudly a capacitor in shunt -with an
audio cirenit will affeet the frequency
response  Deepuse of the deerease in
impedance of the virouit with increase in
frequency.  In this instanee there will
be oo attenuation ioscrtcd sinee it s
common practice to use the same moter
for buth source and outpnit  voltage
s renents, Thevefore, since the
voltage s held constant across the input
it will also be constant at the output, as
there is n direct conneetinon Detween
input and ouwtput, and the capacitor is
simply shuntel across the cireuit.

This gives a reasonuble expluwtion of
the functioning of 1 eatibrated wttenuator
usex|] for mieasursment purpeses,  With
guch an armngement, any variation in
the inpnt impedance of the egqripnient
being nieastres] is not taken into aceount,
whereas it actually affects the perform-
ance 1o o mnrked degree,

The cireuit arrangement can be modi-
fied only shightly by the adilition of the
resistor 4 az shown at 1 o Fig. 2.
Asmtiing  that the mpedance desired]
is X, this resistor will have a vulue equal
to Z, and the impedanee of the following
attenuato) is also £, Sinee it is common
to use a stundard impedance, such as
504 ohrus, for this vatue, aiul since 300
ohms is alse a common output inpedanee
for the generator, the additional resistor
Ky is adiled armoss the circult with o
value of 22, making the input impodance
of the gain set equal to 2. Xow when a
measurement ix made with the copacitor
ol Fig. I{B} in the c¢renit, its change in
impedanre with frequeney is rellected in
the ontput  measorement, sinee  with
increaxe in frequency this value decrenses,
and since the output is measured arross
this impedance in parallel with the loud
resistor fi'y, niwo equal to &, the veltage
indication is redizeed

Conventional Design

The vomnum form of 4 gain set is
shown in Fig. 3, with one eter heing
wsed to measure both the send and rescive
fevels. It will be noted that the meter is
tupped ddown on fe, beeause the voltage
requiredd  fromn  the souree 15 divided
between the resistor ) and the load, and
is therefore equal to twice the voltage at
the input to the attemuator.  Tlherefore,
the meter i tapped down at the center of
1y, making a1 voltage divider eomposed
of two redstors ench equal to 2. With
this arranpement, the same meter is wsed
for both input arl autpat levels, and
consequently any (requency ermor in the
meter itself is eliminated. I two sep-
arate meters were wseld, it would Le
necessary to check them to ensure ac-
curacy througlwut the entire frequency
range over which the gain set were to
he used. Hinee both send and reeccive
tevels are the sume at the points ul which
the tieter is eonnected, there ix na
guestion of leukage acmss the switeh;

us the level iz faicky high, it is nol neces-
sity that an especially fine switeh he
used for this application.

Circuit Elamants

It wrder to design 2 @in set for prace-
tical and inexpensive construction, it is—
us  always neeessary  to make several
compromizes,  In the Rrst place, it is
usual for high quality kboratory gain
sets to be huilt with the sewd aml receive
cirenits balaneed  to o ground. Unfoer-
tunately, this necessitates grenter expense
in the constnzction of the attenuators.
and for the non-professtonal user, it
does not seent to be essentinl.  Alest
eireuits that the experinienter will have
occasion tn meazure are unbalaoeod; if
the gain set were balanewd, it would be
necessAary  te insert a transformer be-
tween the send terminals and the enuip-
ment heing meussursd.  For those rare
instanees in which the input cirenit is
Lulaneed, it is wweh simpler to insert the
trunsformer, sinee  such  cirenitz  are
usnally those of high-gain amplifiers, aml
sifficient  resistance  isolation can  be
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Fig. 2. {A) Series resister R, sdded 1o
overcome  rero-impedance of source when
voltage is held constant. (B) EFect of capacitor
when gain sel resistor R, is added.
inchieded i the mewsuring circuit that
the effect of the transformer cun he
neglected, provided it is of reasonubly
pood quality.  Thus it 18 arpued that if
a transformer gt be used part of the
time, it is more desirable that it he used
the least number of times, and the un-
Lalaneed gain set provides this facility
at the least expense.

The next step in the design i= to de-
termine how mueh attemmtion s to he
providled.  Sinee angdificrs used for pub-
lie mildress work often huve gains of the
orcder of 120 db, 1t is desirable that this
figmre Lo approachel.  Lowever, sucly
Ligh losses inerease the prohlems of con-
struction, and it is sitnpler o increase
the range by another method.  Normally,
any amplifier having 20 db of gain s
also capuble of putbing out g furly high
power  level. Therefore, il tle low-
impedanee output terminals are mess-
ured, there will be an incresse in the
range due to the differenees in imped-
ances between the 300-ohny meter and
the -4, 8, or -l transformer tertninals,
For instanee, the corrertion of a2 dolun
eireuit is 21 <dh.
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With these consilesstions, therefore.
the total rmnge of the send circuit of a
pain set can be limited to 90 db with
weason, sinee an additional 13 to 20 db
ean lre sccommodated with the ditierent
outpuit impeidanees of the amplifier to be
measured. and a 10db key in the receive
eirenit  will ineresse it still lurther.
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Fig. 3. Simplified schematic of standard type
of gain sel.
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Single pouls with losses of over 30 Ul are
congidered nlesirable. so the atlenuutor
portion will he divided up into two #k-dh
seetions, two  lkdb  =ections, and a
switeh with ten 1-db steps.

Natupally, it is possible to design a
gain st around any desired impedanee.
The wse of high impedances again in-
creases the probleniz of ronstroction,
sinee the voltages are hixher, and the
lpsses throughout the attenuntor section
are  apt  to  vary with frequency.
Comnuon impedaness for a gain set are
00 and 60 ohms with the former value
heinys ehosen for this desigu, since iech
of the eqipmuent eneountered is of that
impedince.  The addition of two re-
sistors, und  the application of a cor-
rection factor, will permit its use on 600~
olini lines with equal faeility, il the most
aeeurate measlurements are desired,

{me other faeility 2 also desirable—
that of heing slile to “send" at different
impedances,  Some  commercial instru-
ments provide plog-in networks Jor this
purpose, and others employ transformers,
However, a simple resistor network will
provide two lower inpedaees at fived
losses, snd with o minitawin of switehing.
Tsing a nominal Inpedanee of 500 ohims
for the main attenuators, a1 200-olun
autput ean be provided ot 2 loss of 10 db,
aml a 50-ochm output can be provided at
4 logs of 20 db, both impedanee values
heing common in communication cireuits,
anl the toss vitlues heing easy to handle,

Final Circuwit

With all these considerations settled,
the final cireuit for the pain sct Lecoines
as shown in Fig. 4 ) provides for the
adjustment of the signal level from the
aseillutor, arl i3 arranged so a8 to give &
verrier action to facilitate setting the
fevel aceurately. The sdjustalie atten
uators are composed of two separmte
switehes, one roviding atvenuation of
0, 30, ar 60 db, while the other provides
atlenuation of 4, 10, or 20 dh, These
switelies are follewed Ly o 1 «b/step
attenuator constructed on the “sealing
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hook™ arsngement which eliminates the
pussihility of pouar contact on the shunt.
sectiom of the switech when a threecann
switeh ix used to vary the toss inoa 77
ek, The output pad turnishes three
mnpeikinees, SO0, 2N, or A0 ohms at
tosses of (L 10, amd 20 dh respectively.
The vutput 1= available un two jacks.
ane being terminated for connection to
Ligh-impedanee injuits 2o a8 fo maintain
i doanl for the attenuatars, thus ensuring
aveuraey of  the oubput, voltage, the
other jack = vonnected =0 0s to remove
the termination when the plug iz inserted,

The verclve section of the wuin set
colzists of another paiv of jacks, e of
which connects alieeetly to the meter
=witel through o serdes resistor aud g
shorting =witeh, while the otlier proviiles
i termination of M0, 16, or 4 ohms, us
weheeted Ias amother switeh. The series
resi=tor is vsed to increase the outpuit
indication of the meter by 10 db, and is
nzeal when higher autput Ievels are to he
useril. Flhis jwovies o total of 120 b
los= 1 the gain set when sembing at 58
ohmz and receiving at 4 oluns, or 14 b
when =ending at 50 ohms und receiving
at 3 oluons,

Construction Details

The ronstruction of o giin et shoukl
Iodtow  standard  praetice,  eomsadentg
that ther i= quite a difference in level
hetween the reecive jacks awd the sewd
jacks when high gain woaplifiers are leing
meazurel, Al eomnections between the

awitehos <honld Dbe with shiefdol wire
and only one point in the entire eirenit,
shonld be grevneee to the cabinet, 1t is
supggested that the unit he eonstructed
in a small metal cahinet, entirely en-
vlemad, wind that the Jjocks he insulated
from the panel.  The unit shown at the
heading of the article utilizes the same
type of gin set e aleseribol, in cone-
hination with a heat-frequency oscilkstor,
amd has been in wse for o oumber of
veurs,  This tiode] uses key switehes Tor
the fixed pads, but this construction s
comstderet] rather move exprnsive, and
the kevs usedd necessitnte sune mnin-
tenanee. The  swilvhes  recommended
for this uee are the Centralaby lover type,
2—;";](-, :{—puﬁitinn, The 1-db st{‘p attea-
wator ean be Dadlt apoon s Malboey 123515
switeh with the stop emoverd =0 us to
poermit votation through 360°. The rotor
af the conter section =houbd be removed.
and the taps used simply as tie poings
for the tesistors.  The weter tronsler
switeh can be o DPDYT toggde switel
with hoth petions in parallel.

The one |:r‘u|||('ln which nuy trouble
the eonstructor will undoubtediy be thit
of ohtaining peenrrte rosistor vabaes for
the vurivus s, Fliz way be osolverd
easily iF an weeurte hridge s avalable
for the meauement of o nmuber of 1 2-
witt wdstors to obtain the exet valoes.
Another method 32 to onber thew wound
sperisd by oone ol the nmny camprenies
which da this type of work.  However.
it. shiouhl not be ton difficult to scelect

anlinary | Z=watt vesistors with sutficient.
aeeurpey for the job, Obviousdy, the
tver-all aeeurney of the gain set depends
uport the of the Dudividnal
resistors comnising the pads, wwl it is
sugreston] fhat the resistors be celeetond
with an avewaey of at least 2 poer cent,

The resistors u=ed i the recelve cr-
cuit shoulid be of semewhat higher piover-
tarrving  eppaeity, since they mar he
requtred to dissipate considerable enengy,
The SHkobo load resistor Ky shuathl be
n Yowntt unit, while Mg atul i ran be a
sjide 20ohny 25-watt adjustable  pe-
sistor with the sliding tap set osuoas to
{JITI\'iilt‘ the 16 aid ol <evtins,
Fhe value of £ depenl= upon the type
of meter used, nmil it s easity selecbed,
Sply conpeet o suplifior to the semd
termminals, with the ontput comneetad ta
the receive terminals. Then with the
e set adjusted sooas to provide o zom
indication on the meter with S0 ut
CLUTPUT, open Sieg, awd decvense he
loes in the send section so as to raise the
uutpnt level of the wuplifier by 10 dh,
Then hriclge o resistor sevoss Soy which
will Just give 3 zerwo indlieationn on the
meter again. The walue will cdepend
sornewhat on the resistance of the meter,
but for the nzual meter with s resitunce
of approxinmtely A0 ghins, this vabue
will he of the order nf (0,00 olins,

The final seloctionn, which hiax not been
mentioned o far, i the volume imlivador
meter itsell. A standard type of vectilier
meter, calibroated i db, is desirmble. amld

sy

Fig. 4. Complete schematic of low-cast gain set easily constructed by the experimenter to fecililate measurement on apparatus,
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