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An Effective Method of 
Measuring Amplification 

By 1 ... B. ROOT, E ng ineering Depar'ment 

The fint years of develop. 
ment in radio broadcasting 
were devoted mainly to the im
provement of the sensitivity and 
selectivity of the receiver. The 
best set was the one that could 
pic k up a Itation perhaps two 
thousand miles or morc away, 
and amid lube hisses and 
cnuhes of s tatic. enable II carc
ful listener to discern the ca ll 
letter.. Perhaps a moment 
later the slation had faded o u t 
completely, but the enthusiastic 
fan WliU happy in the knowl
edge that his set was capable of 
the unusual. 

The trend of feel ing toward 
distant reception has changed. 
and though there are many 
exceptions. the great majority of 
people are now content to listen to 
the nearby stat ions. 

This change was brought about 
mainly by two things, the advent 
of chain broadcasting and the im 
provement in quality at both trans
mitler and receiver. The former 
made it unnecessary to go outside of 
one's immediate locality to listen to 
a good program by well known art
ists. while the latter gave such good 
reproduc tion from the local stations 
that more distant reception was de
cided ly u nsatisfactory from the view
point of quality and certainty of 
nearly constant volume. 

Theile developments have made the 
set manufacturer a le rt to design 
speakers that would more faithfully 
reproduce the studio program in the 
home. In order to do this. the audio 

Figure 1 
The General Rad io Type 355 

Amplifier Tt!lt Set 

frequency amplifier must do its part 
in passing the detector output to the 
speaker. inerealled in volume. but un
dillllJrted. It is here th at poor quality 
generally. but not always. o riginates. 

The Associated Manufacturers of 
Electrical Supplies were confronted 
with the problem of obtaining 
characteristic curves on tranllformer. 
impedance and relilltance amplifiers. 
Several more or less satisfactory 
methodl were in use. each ha ving its 
advantages and disadvantages. 
Rough ly th ey were divided into two 
classes, those met hods which in
cluded the tube in the m easurement, 
and those which did not. For simpli
city. it was d ecid ed to el imin ate the 
tube. and use fo r comparison. curves 
which showed the performance of 
the coupling device only. 

Of course. it was nece8&ary that 

operati ng conditions be clolely 
approxima ted if not actually 
obtained, in order that com
parisons might be fair. 

The General Radio Type 
3SS Amplifier Tesl Set is built 
around thai idea and permits 
the accurate determination of 
performance. It is as simple in 
const ruction and operation nil 

is consistent wi th correct re
su lts. It permi ts teltin g with it 

resistance in series with the in· 
put circuit of the coupling de
vice which correlponds to the 
plate impedance of any ordinary 
tuhe. and the corresponding 
direct current which that tube 
would draw in use. The ou t
put cncuit carries a tube cnva~ 

city not greatly different from most 
tubes, and this may be increased by 
adding a very small variable capa
city if desired. Of coune the sec
o nd ary should not ca rry any direct 
current, and this c.ondition is made 
c.erlain by so designing the luhe volt
meter that it is imposeibte to take 
amplification readings if the grid 
takes current. 

Th,. T e~ t Set is nearly .. elf-con
tained. having only a 6-volt storage 
battery and the source of audio fre 
quency external to it. It may be 
used with any audio source, ei thel 
variable or fixed in frequency. The 
General Radio Type 377 Oscil
la tor is particul.arly suited to the 
purpose. 

The diagram on page 2 .bows the 
o peration of the set when measuring 
transform en. 
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The audio frequency is a pplied 
across the two resistances of 250 a nd 
2500 ohms resp ectively. The pri
mary of the transformer i.s connected 
ac ross the 250 o hm sectio n , with the 
variable resistance Rp in series to 
represent the plate impedance of th e 
tube wi th w h ich the tra nsformer is to 
be used. T his may be 5000 to 
25,000ohml. The secondary is con 
nected to a UX 199 tube which is 
b e ing used as a lube voltmeter. A 
six.-volt $torage battery suppli es the 
fila me n t th rough a 4 5 o hm resis tance. 
giving three volts aCTon the fi lament 
a nd a three-volt n egative bias o n th e 
grid . Even with the comparatively 
high bias a nd only 22.5 volts on th e 
p late, some curren t will flow and d e
Hect th e ga lvanom e ter C . To CO f 

red this the suspension of the gal
vanometer is twisted so that it reads 
zero with th e tube ligh ted . When th e 
filament is o ut. th e pointer goes off 
scale below zero. of c ourse. This gal 
vanometer is part\ycalibrated. in that 
the scale is m a rked to show the de
Aectio n obtained wh en on e volt A. C. 
is impressed on the g rid o f th e tube. 

The 2500 ohm resistance is a po
tentiometer which has a direct relod
ing scale, ca lib ra ted from 0 to 10, 
each m a in division corresponding to 
250 o hms. The ca libra ted I volt 
poi nt on the ga lvanomete r a pplies 
only wh en the potentiom eter reads 
I. In this case it is obvious tha t th e 
voltage aCrOSS the tran sformer pri
mary ( includ in g p la te imped :lOce 
R p) is the same as that a ppli ed to 
th e g rid o f the tube. and when the 
potentiomete r reads 2. th e voltage 
input is .5. e tc. W ith this relation in 
mi nd . any reasonable input voltage 
may be a pp lied using on ly th e one 
known point on the tube voltm eter. 

TRANSFORMER CHECKING 
To ch eck th e amplification o f a 

transfo rmer th e proced ure is as fol 
lows. S uppose that the curve is d e
sired at .5 volts input. Rp is se t a t 
a valu e corre,p o nding to the p late 
impedance of the tube w ith w hich 
the tran8forme r is to be u8ed . Th e 
input freq ue ncy is set 1.0 a known 
value, a nd with the switch o n point 

+ 
A. an d pote ntiom eter sca le reading 
2. the voltage is increased until th e 
galvanom e ter indicates on e volt. 
The n the switch is th rown t o T , 80 

that the vacuum tube voltme ter is 
excited by the transformer secondary 
a nd a certa in galvanometer d e Aec
tion is o b tained . The switch is then 

A 

T 
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Figure 3 

returned to A a nd th e potent io m e :er 
adjusted to obtain the same deAec
tion as whi le o n point T . Th e pot en
tiomete r scale reading now indica tes 
the voltage amplifica tion directly. 

T he sensitivity of the galvan 
ometer is such that a n input o f more 
than about 1. 7 volts will throw it off 
sca le. and the g rid o f th e tube w ill 
begin to take curre nt . With many 
transformers. th is situation does oc
cur. This is remed ied by cu ttin g in 
a n a dditio nal adjustable bias a t th e 
point X with a the 
reading of 10. 

without a ny grid current b eing tak en. 
even though the voltage may b e
come q uite high . 

IMPEDANCE CHECKING 
Impedance or resistance coup lings 

ar e ch ecked in a similar manner but 
with slight circuit ch a nges. 

A switch c hanges th e input r esis
tance connections as shown in fig. 3 
Since the potentiometer is calibrated 
o to 10, the read in gs are now one
tenth of former indications a nd a 
one-volt input is obtained with th e 
potentiometer scale reading 10. The 
procedure is now the sam e as before. 

If d esired. direct current may be 
used in th e transformer o r impeda nce 
to dete rmine its effect o n the r esul
tant p erformance curve. Likewise, 
a tube may be connected across th e 
secondary to dete rmine th e effec t of 
capacity. 

A ttention sh ould b e call ed to the 
fac t th a t the vacu um tube voltme ter 
is used o nly as a transfer instrume nt. 
so that ch a nges in the tube ch a rac
teris tics, or th e running down of bat 
te ries have no e ffec t on th e accura cy 
of measure ment. These things will 
a ffect the calibrat ion of th e I volt 
point . but even large percentage 
changes of input voltage have littl e 
e ffect on the resulting c urve. 

Th e Test Set hn d s its grea test u~e 
in desig n work. eith er to determine 
the p roper coupling d evice to use 
u nder c ertain conditions. or to d e
velo p th e coupl in g unit itself. The 
rapidity with wh ich p o ints may be 
taken . mak es it easy to plot many 
curves w ith o nly a small con sumption 
o f time. 

Figure 4 sh ows curves o n various 
transfonner a nd impedances, tak e n 
with the T est Set 

,.'f=H== 
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Coil Calculations 
By C. T. BURKE, Engineering Department 

The experim enter has frequent 
occasion to design air core tuning in 
ductances. As few have means of 
measuring the inductanc e of such 
coils after they aTe built, it is rathe r 
important to be able to predict the 
induc tance of a ,specific coil. and 
conversely, to design a coil to have 
a given inductance. 

The calculation of inductance for 
iron cored coi ls is impossible un less 
the permeability of the iro n is known 
under the co nditions existing when 
the coil is used. The d esign of air 
core coils, howeve r. is relatively 
simple. Three variables are involved , 
the diameter of the winding, the 
length of the winding, and the num
ber of turns. Th e generally accepted 
formula for the calculatio n of air co re 
single laye r solenoids is a s fo llows ; 

0.02 5 1 d ~n" 

L = --
b 

K microhenries 

d = diameter of the coil ( in inches) 
b = leng th of the coil ( in inches) 
n = n umber o f turns 
K = a constant depending on the 

ratio of the diameter to the 
len gth of the coil. 

In spection of the formula show l! 
that the inducta nce is inversely pro
portional to coil length, that is, th e 
longer the coil, for a g iven numbe r 
of turns, the less the inductance. This 
is due to the fac t that in a long coil. 
much of the flux surrounding wires at 
on e e nd of the coit d oes not link 
turns at the other end. If ind uctance 
were the only considera tio n. coils 
sh ould be bunched in the shortest 
possible length, but the require ments 
for low coil resistance forbids this. 
The inductance is proportional t o th e 
sq uares of both the diameter and 
turns. that is, doublin g eith er turns 
o r diame ter multiplies the induc tanc e 
by four. Other thing s remaining 
equa l, a change in coil dia m e te r may 
be compensated for by a proportion
ate ch a nge in th e number of turns. 

Th e e ffect of changes in coil dia
m e ter and coil len gth are con side r
a bly mod ified by th e constant K , 
which d ep end s on th e ratio of coil 
diameter to coil len gth. K is an 
e mpirical constant, i. e .. is not a fun c
tion of the coil dimensions, but ha s 
been d etermin ed b y experiment. 
Since the value of K increases, as the 
ratio of diameter to length d ecreases. 
the consta nt tends to lesse n th e re
duction o f inducta n ce as the coil is 
leng thened. 

For accurate calculatio n s, a table 
of the values of K is required . Such 
a table is contained in Circular 74 of 
the B ureau of Standards.· This book 
contains a great deal of valuable in· 
format ion a nd form ulae, and is worth 
many times the price to anyone in
terested in radio labo ratory work. 
Fo rmu lae are g iven for many types 
o f coils other than the single layer 
solenoid. 

The colt" formula can be greatly 
simplified by ch oosing coil dimen
sions. If both length and diameter 
of the coil are always the same. the 
formula reduces to a very simple 
form, dependi ng o nly on the number 
of turns. 

For the s tandard General Radio 
Type 277 form, wound full length, 
the fo rmula reduces to: 
L ( in m icrohenries) = n~x 0.000059 

In order for t his form ula to apply. 
the coil must be wound the full 
leng th of the form, spaced if nece s
sary. 

It is often convenient or necessary 
to use a coil length different hom 
the 2 77 form. A chart (Page 4) has 
bee n p repared , giving the solution of 
the form ula for th e case where diam
eter= 2.75 inches, Th is chart will be 
found suffic iently a ccurate for most 
purposes, A s it is nearly always d e
sired to d esig n a coil to tune to a 
certain wave length w ith a given 
capacity. a chart for computing the 
required inductance h as been com
bined with th e inductance chart. 

Th e inductance chart consists of 
curves of inductance again st turns 
for various coil lengths. Th e ind uct
ance scale run s to 600 microhe nries 
a nd 100 turns, Th e right hand scale, 
ru nning to 30 turns. may be used for 
lower inductances. Th e inductance 
ecale is divid ed by 10 wh en using 
th e I to 30 scale of turns, that is, 64 
turns on a 2-inch coil would give 240 
microhenries, while 2 1 turns on the 
same leng th co il would give 24 
microhenries inductance. 

The use of th e ch arts is s imple and 
obv ious. The inductance ch art ma y 
b e used eith er to dete rmine the in
ductance of a c oil already built. or to 
give the numbe r of turns required to 
obtain a desired inductance. In the 
fo rmer case, the number of turn s 
and the leng th of the windin g are 
lea rned. Proj ect horizontally a lon g 

.Oh."in"hle From Ihe Superintendent 
(If Documents. Governm .. nt Printing Office. 
W .. hin gt on, O. C. P rice S .60. 

the line corresponding to the n um
ber of turns u n til the curve fo r the 
proper coil length is reached. then 
project vertically to the scale o f in
ductanc e, Thus, 40 turns, on a wind
ing I Vz inch es long, gives an induct
ance of 115 microhenries. For small
e r co ils, use the right hand sca le of 
turns. When using this scale of 
turn s, inductance values read on the 
sca le must be divided by ten, Thus, 
5 turns on a winding !,-'4-inch in 
length gives 4 microhenries induct
ance. 

In design ing a coil, th e desired in
ductance and the length of the w ind 
ing must be known. The procedure 
is the n similar to that for the deter
mination of inductance. The table 
of wir e data accompanying this a rt
icl e will be foun d of use in calculat
ing the c oil length from the wire s ize. 

TURNS PER INCH 
.; .. , , 
~ " 2 i ~ ;;; '; 

~ <.> <.> 
~ ;; • , • N E .. :;; • :;; 
~ • • • .. • , , 0 , , 

w ;;; 0 ;;; 0 

-
20 29 27 25 27 25 

------- ---
21 32 30 ' 27 30 27 

---- -
22 36 34 130.5 34 30 

- - -- - --
23 40 38 34 37 32 

----- ----
24 45 43 38 41 35 

-------
25 50 47 41 45 38 

- -- - . ----
26 57 52 45 50 41 
- -----
27 64 58 50 55 45 

- -- --I 
28 71 64 53 60 48 

.' - - -
7sl 51 29 81 71 58 - - - -

I 30 88 80 1 66 71 55 

Considerable variation from the fig: 
ures in the table m ay be expected , 
depending o n the te1!"sion under 
which the coil is wound. If. it is 
d esired to wind a coil to tune to a 
certain wavelength with a g iven con
d e nser, th e upper part of the chart 
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;1 used. A ~ale o f fTeque ncy is 
ahown be.ide the wavel engt h Kale 
for convenie nce. 

Supp ose it ;8 d esired to tune to 
500 m e ters with a 3>0 MMF con
de nse r. Proj ect ho rizonta lly from 
the 500 m eter mark o n the diag ram 
to the cu rve for 350 MMF. Project 
down hom lh ~ point of intersectio n 
into the ind uctance ch art. an d hnd 
that the tu rns required ranges from 
4S with a !,4-inch winding length to 
72 with a wi nding length of 2 inene •. 

• I 

II should be p058ib le to determine 
the windi ng length within a q uarter 
o f an inch fr o m the wire data. a nd 
the coil is thus ap proximated within 
a turn o r two. 

T h e ran ge o f the cha rt may be ex
tend ed by di vid in g the scale!!. Re
membering tha i wavele ngth is pro 
portio n a l to th e IIqua re root o f th e 
p ro d uct o f in ductance a nd ca p aci
ta nce. it i, obvious that th e wave
leng th scale ca n be red uced to read 
to 120 m e ters by di viding the capa-

c ity a nd in duc ta nce sca le, a l,o by 
10 . The right h a nd sca le o f turn s 
is th en used . 

To fi nd th e turns req ui red (or 
tun ing to 60 meiers, p roject h ori-
70 nta lly a long th e 600 m eter lin e to 
th e 2S00 MMF c urve and d o wn to 
th e ind ucta nce scale (e.g .. 2 inch ea 
w inding length ). Projecting h ori
zontally fro m the intersecti on to th e 
Right Hand scale of turns. and fi n d 
n ine turns required . 
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