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EASLTRENIENTS of the overall electrical performance of
radio broaclcast receivers by means of a standard modu-
lated signal have been carried on since 1925 by the Radio

Frequency Laboratories in connection with the receiver design
work regularly untlertaken on behalf of its manufacturing licensees.
These measurements of the electrical fidelity, sensitivity and
selectivity wcre at first confined to RFL models, that is to the
prototype modeis furnished by RFL to the licensees and the pro-
duction models as finally marketed. In the spring of 1927 the
stanclards and test procedure were revised and the standard signal
generator and attenuator were entirely redesigned and rebuilt.
The standards and the test procedure which were adopted at that
time are set forth below, and differ in minor detaiis from those
which have lately been adopted by the Standardization Committee
(Receiving Set Sub-Committee) of the Institute of Radio Engi-
neers.l These differences are enumerated elsewhere.

After the new apparatus had been completed it was decided to
elaborate the test program into an extensive survey of the important
receivers on the market. This program is consistent with the
policy of and function of the RFL in keeping its licensees informed
as to the contemporary art and the standing of their products in
reiation to it.

The first measurements in this program were published in June,
1928 in a confidential report to the RFL licensees designated as
C ontri,buti,on lrom the Radio Frequency Laboratories No.5, Re-
port of Measurements of the Sensitivity, Selectivity and Fidelity
of Modern Broadcast Receivers, by Malcolm Ferris and W. D.

I The report and recommendations of this committee will be found in the
Y earbook oj the Institute o! Rodio En4i,neers, 1929, page lO6.
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T,oughlin. The report c'verecl tr'entr'-one rceeivers 'f i'tercst at
that t, ime (1927-1928) ns follol 's:

Atwatcr Iient 36
Atwater l{cnt 38
Bosch 66 (RFL)
Bosch 57 (RFL)
Erla 562 (RFL)
Erla S72 (RFL)
Eveready DC (RFL)
Eveready AC (RFL,)
Fada " Special "
Fada l0
Grebc Sync. 7

Kellogg 1927 (RFJ.)
I{olstcr 6D
Iiolster 6J
Majestic 70 (ff FL)
Radiola l7
Rarliolr 18
Sputon ACi 62
Splitdorf "Abbc1"'
Stewart \lrarr-rer 700
Stromberg-Carlson DCI

The present supplementarv reltort contair.rs the results of the
measurements of forty important broadc:lst reccivcrs oI the current
year (1929). These include thc electr ical scnsit ivi tr . ,  select ivi ty
and f idel i ty. other electr icar characterist ics, such as overroad
analysis, harmonic distort ion, regulat ion, ] ium, automatic volumc
control charlcterist ic, ctc.,  hrr-e bt.on invostigri , ter l  anrl  u, i l l  bc
covcred in a selt lrate roport.

A detai let l  clcscript io. of t l re nreas,rcmeut teeh' iquc h.s bec'
givcn in Contr ibution No. 5. For lrresent convcnience of referenee
a brief outl ine of the procedure and standrrci.  js ineludecl hero.
The general test schemc is shorvu in the fur-rct ional diagram, Fig. l .

Standard Audio Output.-The stanclard audio output aclopte<l is
100 mil l iwatts (0.1 x'att) i 'a non-inductive resistance road which
replaces the loud-speaker rvinding. The value of this resistance
is adjusted s' i th each receiver for maximum potver output at 400
cycles. Arrangements are madc to f i l ter out t l re r l i rect-currc' t
component whenevcr necessarv.

It  u' i l l  be notecl that the RFL sta'r larrr trutput is trvice thlt
adopted by the Standardization ( 'ommittee of the Inst i tute of
Radio lJngineers (0.05 wttt, see page 107 rcference l), which is

R E C E I V I R

Fig. l .
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4 f erris and Loughlin: Reporl on Broatlcost Receims

considered inadequate on account difficulties with noise
ances in testing very sensitive receivers.

Standard Antenna.-The stand&rd constants of the
&ntenna are :

C : 100 mmfds

B : 20 ohms
T _

These differ from those adopted by the Institute of Radio lln-
gineers, rvhich are as follows: (page 108, reference l)

C : 200 mmfds

R : 25 ohms

L : 20 microhenries

The Institute of Rndio Engineers reeommendations are believed
to be just and will be adopted for the next report.

Standard Signal.-The standard modr:lrted signrl i,s of the
symmetrical side-band type with 3016 modulation. It may be
represented mathematically by:

e : Eo (I * m sin of) sin c,rl

where .8o is the carrier voltage (max.), r,re is the clegree of modula-
t ion  ( :0 .3 ) ,  a :2  n  X  modu la t ion  f requency ,  u :2  r :  . .  ca r r ie r
frequency.

Standard Tubes.-A set of standard tubes is maintained for
these tests. These are selected for average characteristics and are
checked from time to time in order to detect secular changes in
these characteristics.

Electrical Sensitivity,-This is defined as the r.m.s. value of
carrier voltage in the standard signal, as applied in series with the
artificial antenna) required to produce standard (0.1 watt) output,
the receiver having been carefully tuned. The moclulation fre-
quency is 400 cycles.

In adclition to Lhe ouerall sensitiaity, rvhich is the sensitivity
for a signal introduced in the antenna, the operation of the several
r.f. amplifier stages of the receiver has been studied in each case.
These measurements are made by impressing the signal voltage
successively on the grids of the several r. f. amplifier tubes through
a 0.5 mfd condenser. The curve marked " lst Grid " therefore
represents the sensitivity for a voltage directly applied to the grid

disturb-

arti6cial
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of the first amplifier tube; that marked "2nd Grid," to the second
ampliGer tube, and so forth. The difrerence between the " Antenna"
and "lst Grid" curves represents the transmission of the antenna
input circuit. Similarly, the difference between the curves for
the nzth and. m+ -/th stages represents the gain in the nrth stage.

The audio voltages at various points in the detector-audio-
amplifier system are also of interest. These are shown by the
dotted lines in the upper parts of the Sensitiuitg Curues. They
represent the voltages corresponding to standard output.

Selectivity.-This is ordinarily measured at two frequencies,
600 kc (500 m) and 1000 kc (300 m) and is represented graphicalll'.
The receiver is first tuned to the standard signal (400-cycle modula-
tion) and standard output obtained. The carrier frequenc5' is
then changed by a few kilocycles from the resonant value and
the signal input is increased to regain standard output. The ratio
of the two signal inputs is plotted against the departure in kilo-
cycles from resonance. Readings are normally taken at steps of
5 kc.

Electrical Fidelity.-This is ordinarily measured at two carrier
frequencies, 600 kc (500 m) and 1000 kc (300 m). The receiver
is carefully tuned to the signal, which is first modulated at 400-
cycles. The signal strength is adjusted for standard output.
Then with the signal strength at this value, the modulation fre-
quency is varied and the variation of audio frequenc5. output
current is noted. In representing this variation graphicallS' the
current output at 400 cycles is arbitrarily regarded as 100/e.

Precautions.-All receivers are carefully aligned, and when
necessary, balanced, prior to test in order to obtain optimum
performance.

Tabular Description of the Receivers.-The important tlrrta of
the 40 receivers have been assembled in compact form in Tables
I and II. The receivers manufactured by RFL licensces arc
shou'n in bold face. In table II the selectivity is represented as
the ratio taken from the selectivity curves at a departure from
resorlaDce equai to 20,000 kc. In many cases tire selectivitl- curves
are not s1'mmetrical and in these cases the avcrage values h:rvc
been siven.
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T,.\BLE I-TABt-L.\R DESCRIPTIoN OT' RECEIYI'RS

NorE: PP-Push-pull, Sc-Screen grid. Cc-Control grid. * l.f. Amplif ler. t With trtbes.

Trade name of receiver
Tvpe
of R!'

.\mp

RFL-4

3  3  2 J 6  1 2 2 7  1  . . : 1 6  l 2 i 0
2 l 3 L  K  E  l L  L  l O  C  1 G
4 I 5 I K  E  I L  L  I O  G  I G
3  | {  |  2 2 6  |  ! 2 7  I  J 2 0  |  P P  i ; l
4 l 4 l  ! : n  ! ) 7  I  r : 1 6  |  l 7 l

3 l 4 l  2 2 2  |  2 o l A  |  "  I  l l 2 A
3  l  4  l  D 7  |  2 2 7  |  2 2 7  P P - l 7 l

! . !

zq

T! Pe
of

Detector

'f 
-v pc

of lst AF
.\rnI) l i f ler

Tl. .Pe
o f

P()wet
( )utput
;J SLer)1

T]-pe
of

Spcaker

TYPe
OI

Cabinet

List
Prlce

$295. OO
1 1 7 .  o o
r 22. OO
175 .  OO
1 6 t . 5 0
105. OO
113  .  OO
1 9 1 . 5 0
225.OO
175  .00
160 .  OO

B o s c h - 4 8  l 3 l 4  |  2 2 4  |  2 2 7  I  N o n e  I  P P - ) 4 5  S G  T u b e sJ l 4 l  2 2 4  |  2 2 7  I  N o n e  I  P P - ) 4 5

Amrad-7o 1314 |  226 |  2z  r -  |  22b  |  25o I  Ba lanced3 1 4 1  : . : 2 6  |  2 2 7  I  : r ! n  |  2 5 0
A r w a t € r  K e n t - 5 3  l 3  l 3  |  2 2 6  |  2 2 7  |  : . 1 6  I  P P - l ? l  I  L o s s c r

Aliullllf.*' " l; I 3 I ll; I i:'l I ii!, 1 ;5:?1i I i8''i'ii['
3 | 3 |  2 2 6  |  2 2 7  |  : . 1 6  I  P P - l ? l
9 | 3 | J:]{ 227 | tJ:7 I PP -2{ 1
3  i 3 l  : ! 7  I  2 2 7  |  ) 2 ;  I  P P . l l f

3 1 3 l  2 2 6  |  2 2 7  |  f : 6  I  P P - t ; l
3 l 3 I  2 2 1  |  2 2 7  |  2 2 7  I  P P  2 - l s
3 | + 227 | 227 | .ll7 I PP -l{.-,
3 l { l  J : 6  |  r J 7  |  r 2 t i  I  2 i 0
J l 4 l  2 2 7  I  2 2 1  I  2 2 7  I  P P - l ? t

Dynamic""ll''"
D] nacone
Dynacoilouli'"*

Cone
Dynamic
D] namic

cqgu
Dynamlc
Cone
Dynamic

Cone
Cone
Dynamic

Cone
Dyna 'n l c

: :

Console
Console
Table
Console

Table

Con-sole

Table
Console
Console

Console
Tablo
Table

215 . OO
9 9 . 5 0

375  -00
160. OO
160. oo
t 3 7 . 5 0
1.17. OO
1 1 9 . 5 0

110_oo
147 . OO
u25jo

r60 - oo
225 .OO
189.  sot,r:9

1 3 5 . 0 0

t12 .50
185 . OO
r 5 5 . 0 0
r55.  OO

(u)
(  \1 )
(lY)

(]r)
( \ t )

(w)

(w)
(],I)
(w)

(w)
(vr)

(w)

(w)

&
a-l

b
.:J

t

F a d a  1 4 1 4 1  2 2 7  I  2 2 7  |  2 2 7  |  P P - 2 l o  L  B a l a n c e d
F r e e d  E i s e m a n n - N R s o  l 4 l 4  2 2 7  |  2 2 7  |  2 2 7  |  P P - 1 7 1  |  "

c ros l€v- ' show Box"  l3  l3  |  226 |  227 I  226 I  PP-171 I  Ba lanced
c r o s l e - v - + l - s  l 3 l 3 I  2 2 1  |  2 2 7  |  2 2 7  I  P P  2 - l s  I  s G  T u l ' e s
Earl-32 | 3 | + 227 | 227 | . l l7 I PP -l{.-, I Bal^ncort
E d i s o n - R 2  l 3 l 4  |  2 2 6  |  2 2 7  |  2 2 6  1  2 r O  I  L o s s e r
E v e r e a d y - J 2  l J l 4 l  2 2 7  I  2 2 1  I  2 2 7  I  P P - l ? l  I  R F L

{ |  4 I  227 I 227 I : .1:2; I  PP 2IO
r l 4  2 : 2 7  \  2 2 7  I  j i 7  |  P P - l ; l

hreshrna,n-N la 3 226 | zzz | 2:16 I 250 | Losst'r

[:iisBB-sl: l?l?l I B I r r | 3 31 3 | *$t
K i r r c  l 3 l 4 l  2 2 6  |  2 2 7  I  : 1 2 6  i  P P - l ; r  I  B a l a n c e d
K o f s t e r - K - : L  l 4 l 4  |  2 2 a  I  2 2 7  I  2 2 6  |  l 7 l  I  L o s s e r

4 1 5  2 2 7  2 2 7  |  N o n e  I  P P - 2 1 5\ | Male.ttc- 90 | 4 I 5 227 227 | None I PP-215 I RFL
-\Iohawk I + I )2$ | zzz I l:17 PP-l; l I Losscr
Ph i lco-65  l2  l3  I  224 |  )2 ;  |  \one  I  PP-2 l . - '  I  sG ' r r t l res

Console
Dmwer Ttt)e1 4 226 | 227 | 227 PP-171

2 l 3 l  2 2 4  |  2 2 i  I  N o n e  I  P P - 2 4 a r
P h i l c o -  5 1 2  l 3 l 4 l  2 2 6  |  t z z  I  ! 2 6  1 7 1  J  B a l a n c e d3 l 4 l  2 2 6  |  J 2 7  I  j l 6  l 7 l
R a d i o l a - . r . r  l 2 l 3  i  2 2 4  |  2 2 4  I  \ o n e  ? . 1 5  I  s G ' f u h e s
Rad io ta_oo |  2 i ,  l t  i  227  I  227 I  . .  I  t7 l  I  Ra lanced

2 l 3 i  2 2 4  |  2 2 4  l \ o n e  ? . 1 5
2 i .  l 3  1  2 2 7  I  2 2 7  I  

'  
I  r 7 r

2 *  3 1  2 2 7  I  2 2 7  |  "  |  2 5 0R t d i o 6 - 6 4  l z *  3 1  2 2 2  I  z z z  |  "  |  2 5 0  I  "
R F L - 3  1 3  4 1  2 2 4  I  2 2 7  |  "  I  P P  2 4 5  I  S G  T u b e s3 L 4 l  2 2 4  |  z z z  |  |  P P  2 1 s

Consol€
Console
Table

c:l1ore

(  l ( )nsole

T ,rtrfu

9:lar"
c('nsole

: ,
Tablc

Console

R F L - E x D . 3  l 3 l {  I  ) 2 7  I  2 2 7  I  2 2 7  P P - ! 7 1  |  R F L
R F L _ _ E r b . 4  l 4 l 5  |  2 2 7  |  2 2 7  |  ) 2 7  |  P P  2 4 5  I  

'
s i t v e r -  0 5  l 3 l 4  |  2 2 +  |  2 2 4  |  ) : 7  P P - 2 t s  I  s G ' f u l ) e c

4 l 5  |  2 2 7  |  2 2 7  |  ) 2 7  |  P P  2 4 5
3 l 4 l  2 2 +  |  2 2 4  |  ) : 7  L  P P - 2 t s
3 | . 1  | - {  R  I C  T  I l  R  I r  ssonora-A3o 13 | 4 | -{ R I c T I L R I U s I Low sairr

s D a f t o n  l 5 l 4 l  2 2 7  I  2 2 7  I  2 2 7  |  P P - 2 4 5  |  "
s -n l i tdor f - - \ I5  I3 l4  t  226 227 2 ld  |  25O I  LossPr
s t a n d r r d - 2 2 7  l 3  l 4  I  R  O  I  C  E  l R  S - 3 ) l  P P  R - 1 5 ' s l  R F L
s t a n d e f d -  A v c  l J  l 4  |  2 2 4  |  R - 3 2  |  R - J 2  |  P P  R - 1 5 ' s l  S < ; T u b e s
s t e l a l r € - 4 0  l 3 l 4  |  2 2 7  |  2 2 7  \  2 2 7  |  P P - r 7 t  I  R F L
s t e l o l t e - | o  |  3 l 4 l  2 2 4  I  2 2 7  I  N o n e  I  P P - 2 { 5  |  s G  T u b e s
St€war t  Warnor  -9OO 13 l4  |  227 |  227 |  22 ;  I  PP-2J5 |  Ba lance( l
s r r o m b e r s  c a r l s o n - 6 3 5  l 3 l 4  |  2 2 7  |  ! 2 7  |  ? 2 7  I  l z l  I  ^ _ :  -
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TABLE II-TABULAR DESCRIPTION OF RECDIVI]RS AND ELECTRICAL PERI'ORT{ANCE

Scnsitivity ir
mlcrovolts

600 xc I rooo KC
Trade name of receiver

Type of
Ant€nna

Coupling System
Type of

Yolune eontcol

Selectivity ratio
(avorage for 2nd channel)

Fidelity ( lOOOkc)
ln per cent

3000
cycles600 Kc 100

c]'cles

'l

r..

!

d

50
35
40
35
45
30
35
30

60
40

35
30

50
35
60
20
20
60

10.
30
35
20

40
20
30

;.
40
40
45

70

60"
50
70
60
E5

.10
4 5
80

60

25
35
50

60

45
30
30

r40

90"
95
EO
50

7t')
85
50
90

80

7;"
30

ti5

70

30
85
20
90

40
, 5

8
r00
30

300

80
30

600

25
65
40

35
150
25
t5
25
25
70

50

250
400

I  s00t

400

40
400

50
200

20
r2(F70t

t 5

700

loo
150
250t

t 0 i

100
60

700
200

700
30

Osc.
30

4{l
roo

2000
2001

r 0 t
500
100
r00
300
700
200
600

50
60
E5s-.\

' Amrad-7o
Atwat€r Kent-53
Atwater Kent -55
BaIdt€-A

J '  Bo!ch-{E
- Crosley-" Shoq Box "- 

CrcslcJ--41-s
Earl-3?- Edison-R2\ Eveready-32

' Fada
F.eed Eisemann -NR8o
Freshrran-N'  Ke l l oEg -515-  Ke l l o tE -516

- Kina
./ Kolst€r-K-21
"Mr res t l c -goMohawk

/ Ph[c(F-65
ePhllco-512

, Radiola --.44
',,-,Radiola--60
--, Radiola-64

RFL-3 -Te t rode
RFL-4 -Te t rode
RpL-l-227
RFL-1-227
SilY€r-g5- Sonora-A3o

-/. Sparton
sblitdorf-\r5
Standgrd-227
s t . nda rd -AvC- stelnlte-40
Stetnlte--10
Si€wart Warner-goo

f SiromhergCarlson-03iJ  -  
S t romberA  C ! r l son -641

. Yictor-R32

Tuned
Impedance
Tune.d
Tuned
Tuned
ImDedance' I  Uned
Tuned
Tuned
Tuned
Tuned-(loop)
Ttrned
Impedance
Tuned
Tuned
Tured
Impedance
Tuned
Trurod
Tuned
Tuned
Trured
ImDedance
lmiredance
TuI!ed
Tuned
Tuned
Tuned
Imped.lnce
Tuned
Tuned
Tuned
Tuned
Tuned
Tuned
Tuned
Trmed
Tuned
Tuned
lmpedanco

Ant. Re6.
Ant. Res.
sc Bias
Plate Voltage
CG Blss
Ant. Pot.
SG Bias

300
1.500
300
150
50

3OO-r20t

250
20q)

4at
RF Amplf.  Res.
CG B l ss

C;
P

P

P
G
(i
(;
G(;
G
G
G

P

P

P
P
P
P
P
G
G
P(;
P

c
P
G
P
G

P

700
r60

300
150
300
200

1?00
l5O .
250
t50
500
450
800
r50

30
t000
200
325

3200
400
200

1500
80

1000
2000
1200
1000
400

60 00
600
900

1600
400

100 0
1300
450
900

lo

60

CG Bias
Ant. R€s.
CG Btae
CG Blae
Ant. Res.
-q.nt'. Rheo.
CG B las
RF Ampl .  Pot .
SG Bias
Ant. Pot.
SG Bias
CG Bias
AVC
CG Bl rs
F .
CG B las
CG Btae
SG Bias
Plate Rheo.
CG Bias
RF Amplf. Res.
CG Bt ls
AVC
Ant .  Pot .
CG Btae
CG Bias
Ant .  Pot .
CG B lss

Ant. & Rl' -{ml).
Pot.

I
t 2

1 . 5
,t()

100
too

2000
20
t 5
40

300
70t

1D-25+

2
6

1 . 2
2i

100
100

I500
l 0
t 0
l 5

70
251

20- t.rt

30

Note: G-Cir id rect i f lc i t t iorr.  P-Piate .ect i f lcat ion. "At 0OO lt( '  on)l  ' tArt i f fcial antel lDit  capacit l '  et luals 2O0 nl lnfds


