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Eastern List Prices of Heater and Fila ment Tube Sets 
NOTE: RECTIFIER TUBES ARE NOT COUNTED IN LISTINGS BELO W. 

MAKE 
No. of  LIST 
Tubas PRICE MAKE 

No. of 
Tubes 

LIST 
PRICE MAKE 

No. of  LIST 
Tubes PRICE 

A-C DAYTON 

Batt. 98   
AC-98   
AC-9960   
AC-9970   
AC-9980   
AC-9990   
AC-99100   

'ACME 

77   
es   

*ALL AMER "LYRIC" 

84-T10   
95-T10   
96-T70   

*APEX (with tubes) 

100-NU   
140-NU   
160-NU   
60 Table   
45 Battery   

6 

79.00 
108.00 
148.50 
165.00 
185.00 
188.00 
234.00 

115.00 
139.60 

'BROWNING DRAKE 

83 Table   

9 
9 
9 

145.00 
175.00 
147.00 

888 Comae   
9 
9 

'BRUNSWICK 

7 
7 
8 
7 

96.00 
140.00 
160.00 
60.00 
45.00 

14   
21   
31 Pbono. Comb  

7 
7 
7 

98.00 
149.50 

R-25   
R-30   
R-105   

9 
9 
9 

•CROSLEY 

31   
31, with Legs   

119.00  41   
144.00  41. with Legs   
239.00  32   

42   
82-H   

BUSH & LANE 

20   7  125.00 •DAYFAN 
21   7  169.60 
3e   7  169.50  66   
32   7  179.50  88   
40   7  179.50  69   
50   7  197.50  72   
60   7  196.50 
70   7  207.50 
90   7  217 50 
10-C   7  250.00 
11-C   7  290.00  EDISON 
12-C   7  297.50 

6 
6 
7 
7 
7 
7 
7 

475.00 
525.00 
1,000.00 

52 001 
57.30 
70.00 
75.00 
99.50 
125 00 
150.00 

COLUMBIA 

C-11   
940 Comb   

R-4   
R-5   
Comb. C-4   

8 
8 

85.00 
129.50 
195.00 
135.00 

7  197.50 
7  167.50 
7  295.00 

•AUDIOLA 

8430   7  95.00 

CONTINENTAL 
"Star Rader 

R-20 

'FACIA 

Tbl   7  99.50 

•GRAYBAR 

9 435.00  330   8  98.00 

MAKE 

MAJESTIC 

90   
91   
92   
93   
101 Comb   
102 Comb   
103 Comb   
181 Comb   

No. of 
Tubss 

LIST 
PRICE MAKE 

No. of  LIST 
Tubes PRICE 

7  95 00 
7  116 00 
7  146 00 
7  146 00 
7  245 00 
7  184 00 
7  203.50 
7  265.00 

*MANDEL 

Chassis   8 100.00 

•PHILCO 

Model 87 Une 

LoBoy   
111Boy   
Deluxe HiBoy   

7 

7 

PREMIER-Ches. only 

601   6 
771-M   7 
745-D   7 
845-D   8 
PT-771-M   7 

129.50 
149.50 
205.00 

'RCA 

33-AC, with L . 
33-DC-110-V, 
with Legs   

18   
60   
64   
66   

6  M.00 

6  64.00 
6  80.25 
8  98.00 
8  550.00 
7  225.00 

'STEWART WARNER 

35-900  
58-900  
Ensemble 
Table   
47-900   

7  142.60 
7  165.50 
7  123.25 
7  95.00 
7  154.50 

45.00 
66.00 
70.00 
74.00 
74.00 

SPARTON 

49 Batt   
589   
931   
301   
110   
111   
Comb 101   
Tubes Included In 
all Batton models. 

9  76.00 
10  159.85 
8  179.50 
8  284.50 
10  395.00 
10  396.00 
11  795.00 

•STEINITE 

Comb. 102   8  250.00 

VICTOR 
R-32   
R-52   
Comb   
RE-75 Comb 

8  155.00 
8  215.00 
8  275.00 
8  350.00 

•Denotes this m  factures also builds screen-grid models 



Westek-n List Prices of Heater and Filament Tube Sets 
NOTE: RECTIFIER TUBES ARE NOT COUNTED IN LISTINGS BELO W. 

No. of LIST No. of LIST No. of LIST No. of LIST Nest LIST 
MAKE Tubes PRICE MAKE Tubes PRICE MAKE Tubes PRICE MAKE Tubes PRICE MAKE Tubes PRICE 

'AUDIOLA 'SENTINEL 
A-C DAYTON 8430   7 95.00 •DAYFAN 'MANDEL Bee Beres' Grid 

Plus frt. 
Chamois   

Data Mesta Other 
Batt. 98   Notated 66   8 95.00 8 100.00 seta discontinued. 
AC-98   Not mid 68   8 139.50 
AC-9960   154.40 69   8 205 00 
AC-9970   175.00 *BROWNING 72   8 145.00 
AC-9980   192.50 DRAKE SPARTON 
AC-9990   197.50 63 Table   9 106.00 
AC-99100   260.00 666 Console   9 149.50 •PHILCO 19 Batt   9 Notstbd 

EDISON 
589   10 169.85 

Model 87 Line 931   8 189.50 
301   8 294.50 

*BRUNSWICK R-4   7 223.00 LoBoy   7 139.50 110   10 415.00 
14   7 119.00 R-5   7 177.00 111Boy   7 159.50 111   10 415.00 

'ACME 21   7 144.00 Comb. C-4   7 336.00 DeLuxe HIBoy.... 7 215.00 Comb. 101   11 845.00 

77   6 115.00 
31 Phone. Comb... 7 239.00 Tubes Included In 

all Bparton models. 

88   7 
Plus frt. 
139.50 
Plum frt. COLUMBIA 'PADA 

C-11   7 155.00 *PREMIER STEWART 
940 Comb.   7 297.50 Table   7 104.50 WARNER 

Chas* only. (Add Freight) 
35-900   7 147.00 

601   6 45.00 47-900   7 159.25 
ALL AMERICAN CONTINENTAL (Add Freight) 771-M   7 66.00 58-900   7 170.50 
"LYRIC" "Stsz Raider 'GRAYBAR 745-D   7 70.00 Ensemble   7 128.50 

R-20   9 435.00 845-D   8 74.00 Table   7 97.50 
94-TI 9 158.00 R-25   9 475.00 330   8 98.00 PT-771-M   7 74.00 
95-T10   9 190.50 R-30   9 525.00 
96-Tit)   9 160.00 R-105   9 1,000.00 

 STEINITE  STEINITE 

102 Comb.   8 268.00 
MAJESTIC •RCA 

•CROSLEY 
'APEX (with tubes) 90   7 95.00 

31   6 57.00 91   7 116.00 33, with Legs   6 54.00 VICTOR 
100-NU   7 104.50 31, with Lege   8 62.50 92   7 146.00 33-DC-110-V, 
115-NU   7 124.50 41   7 73.00 93   7 146.00 with Legs   6 64.00 R-32   8 155.00 
140-NU   7 149.50 41, with Legs   7 78.50 101 Comb   7 245.00 18   6 80.25 R-52   8 215.00 
160-NU   8 169.50 32   7 105.00 102 Comb   7 184.00 60   8 98.00 Comb,   8 275.00 
60 Table   7 64.50 42   7 130.00 103 Comb   7 203.50 64   8 550.00 RE 75 Comb   8 350.00 
45 Batt   6 49.50 82-H   7 155.00 181 Comb   7 265.00 66   7 225.00 

•Denotem this manufacturer also builds screen-gr'd models. 



EASTERN LIST PRICES OF SCREEN•GRID SETS 
NOTE: RECTIFIER TUBES ARE NOT COUNTED IN LISTINGS BELOW. 

MAKE 
No. of 
Tubes 

LIST 
PRICE MAKE 

No. of 
Tubes 

LIST 
PRICE MAKE 

No. of 
Tubes 

LIST 
PRICE MAKE 

KOLSTER 
K-43   
K-44   
K-45   

No. of 
Tubes 

7 
7 
9 

LIST 
PRICE 

175.00 
260.00 
500.00 

MAKE 

•STEINITE 
70   
80   

No. of 
Tubes 

6 
6 

LIST 
PRICE 

118.00 
149.50 

*ACME 
78   
88-8G   

6 
7 

130.50 
77.00 

ATWATER KENT 
55-C, Chassis   
55 Table   
25 Cycle Chassis  
25 Cycle Table   
60 Chasid,   
60 Table   
66 Chassis   
Chan. DC, 61-C  
Table DC, 61   
Batt. Chassis 67   
Batt. Table 67   

6 
6 
6 
6 
7 
7 
7 
7 
7 
7 
7 

64.00 
68.00 
64.00 
68.00 
76.00 
80.00 
110.00 
76.00 
80.00 
58.00 
62.00 

34-8   
40-8   
41-8   
42-8   
82-8   

6 
7 
7 
7 
7 

116 00 
80.00 
65.85 

*STERLING 
Troubador   
Serenader   
Imperial   

7 
7 
7 

129.50 
149.50 
187.50 

•ALL AMERICAN 
LYRIC 
94-8G   
95-8G   
96-8G   

7 
7 
7 

153.00 
183.00 
155.00 

126.00 
160.00 •PHILCO 

"SCREEN GRID PL 
Table 95   
LoBoy   
HiBoy   
DeLuie   

New "76" Line 
76 Table   
76 Console   
76 Lowboy   
76 Highboy   
76 Hiboy DeLuxe  

ur• L 
8 
8 
8 
8 

6 
6 
6 
6 
6 

INE 
97.00 
149.50 
169.50 
225.00 

67.00 
112.00 
119.50 
139.50 
195.00 

•DAY-FAN 
93   
94   

6 
6 

159.50 
210.00 

STROMBERG 
CARLSON 
641   
25 cy. 641   
642   
25 cy. 642   
846   
654 Combination  
652 Low Console  

5 
5 
5 
5 
8 
5 
5 

6 
8 
8 

155.00 
155.00 
259 00 
247.50 
347.50 
369.00 
239.00 

AMERICAN 
BOSCH 
17   
18   
19   

Table 48   
Table 48-A   

Automobile   

230.00 
240.00 
280.00 
230.00 
280.00 
119.50 
168.50 
240.00 
140 00 

•GRAYBAR 
330 Table   
330-F-45   
500 Table   
550   
600   

8 
8 
4 
4 
7 

98.50 
175.25 
75.00 
130.00 
225.00 

AUTOMATIC 
TOM THUMB 
PORTABLES 
B   
DeLuxe   
DC   
AC   

4 
4 
4 
4 

57.50 
65.00 
87.50 
95.00 •PREMIER 

724   7 
On 

Request 
SENTINEL 
444   
666   
Comb. 666-C   

89.50 
99 50 
149.50 

GREBE 
21950-A   
270-C   
285-A   
Comb. 450   

6 
6 
6 
6 

219.50 
270.00 
285.00 
450.00 

BALDWIN 
Chassis   
Low Boy   
High Boy   
Model 60   

6 
6 
6 
6 

On req'st 
198.00 
219.00 
157.50 

*RCA 
Radio Victor 
44   
46   
21 Batt   
22 Batt   
Comb. 47   
Comb. 67   

4 
4 
5 
5 
4 
8 

75.00 
130.00 
69.50 
135.00 
275 00 
690.00 

AMRAD 
Aria   
&relate   
Symphony   
Duet (Comb.)   
Minuet   

7 
7 
7 
7 
7 

198.00 
245.00 
295.00 
495.00 
158.00 

TRAV-LER 
(Portable) 
Standard   
DeLuie   
Aristocrat   

5 
5 
5 

65.00 
75.00 
100.00 

GULBRANSEN 
8 
8 
8 

139.50 
149.50 
235.00 

*BROWNING 
DRAKE 
56   
53 Table   

9 
9 

154.50 
102.50 

291   
292   
200 (Comb.)   

WARE 
Trianon Chao.... 
Table   

6 
6 

125.00 
135.00 

HOWARD 
( 'onsolette   
Puritan   
Ilepplwth   
Florentine   
Gothic   

6 
6 
6 
6 
6 

185.00 
210.00 
245.00 
275.00 
275.00 

SILVER 
60    
60-B   
75    
73-S   
05   
!15-B   

7 
7 
7 
7 
7 
7 

160.00 
145.00 
173.00 
15.00 
105.00 
145.00 

*ANDREA FADA 
15-M Chase   
15-MZ Chess. 
(25-40 cycle)   

25   
35-C   
35-B   
75   

7 

7 
6 
7 
7 
7 

115.00 

115.00 
165.00 
220.00 
255.00 
360.00 

*BRUNSWICK 
8-I4   
S-21   
S-31   

7 
7 
7 

129.00 
154.00 
249.00 

ZENITH 
52   
53   
54   

175.00 
250.00 
370.00 
700.00 
495.00 

COLONIAL 
Cavalier   
Plead *   
Modern   

7 
7 
7 

175.00 
175.00 
235.00 

KELLOGG 
523   
524   

8 
8 

175.00 
225.00 •STEWARTWARNER 

55 Comb   
57   

77 Comb   7 675.00 

6 
6 
6 

62.00 
56.50 
112.00 

525 Comb  .. 8 395.00 Cabin't 35, M'd 950 
Sher'tn 58, M'd 950 

7 
7 
7 
7 
7 

142.50 
165.50 
123.25 
95.00 
154.50 

62   
64   
67   
563-DC   
Super Midget   

1 

185.00 
370.00 
495.00 
250 00 
145.00 

*APEX (with tubes) 
11   
14   

6 
6 

124.50 
149.50 

•CROSLEY 
30-8 Chassis   
31-8   
33-S   

*KENNEDY 
220   
320   

7 
7 

159.00 
139.00 

Consolette Ens'ble  
Table Model   
Model 47-950.. 

•Denotes this m  .acturer also builds non-screen-grid models. 



W ES'L ERN LIST PRICES OF SCREEN-GRID SETS 
NOTE: RECTIFIER TUBES ARE NOT COUNTED IN LISTINGS BELO W. 

No. of LIST No. of LIST No. of LIST No. of LIST No. of LIST 
MAKE Tubes PRICE MAKE Tubes PRICE MAKE Tubes PRICE MAKE Tubes PRICE MAKE Tubes PRICE 

'ACME ATWATER KENT •CROSLEY KELLOGG SILVER 
78   6 130.50 55-C, Chassis   6 67.00 31-S   6 94.00 523   8 190.00 60   7 170.00 

Plus fit. 55 Table   6 71.00 33-S   6 108.50 624   8 240.00 Concert Grand.... 7 183.00 
88-SO   7 77.00 60 Chassis   7 81.00 34-S   6 119.50 Comb. 525   8 415.00 95   7 210.00 

60 Table   7 84.00 41-8   7 106.20 Special Cabinets for 
ALL AMER"LYRIC" 'KENNEDY 66 Chasels   7 115 00 42-S   7 129.50 Coast only. 
94-SG   7 166.00 Chaas.DC. 61C. 7 61.00 43-8   7 118.50 220   7 159.00 "Princess'   7 170.50 
96-80   7 198.50 Tbl D C. 61   7 65.00 82-S   7 149.50 320   7 189.00 "Aristocrat"   7 195.00 
96-80   7 168.00 "De Luxe"   7 216.00 

ARCO Plus fit. KOLSTER 
American BOSCH 'STERLING Chassis   8 75.00 'DAY-FAN K-43   7 188.00 
16   6 205.50 93   6 169 50 K-44   7 275.00 Troubador   7 139.50 

•AUDIOLA 17   6 237.00 94   6 220.00 K-45   9 522.50 Serenader   7 165.00 
18   
19   

6 
6 

248 00 
290.00 

Chassis   8 85.00 Imperial   7 201.00 

6 238.00 GILFILLAN "PHILCO •STEWARTWARNER 
6 290.00 AUTOMATIC Console   8 156.50 "Screen Grid Plus" Cabin% 35, M'd 950 7 147.00 

Table 48   6 122.50 TOM THUMB Console   8 175.50 Use Sher'en 58, M'd 950 7 170.50 
Table 48-A   6 172.50 PORTABLES Console   8 187.00 Table 95   8 102.00 Consoletteens'bie.. 7 128.50 

6 248.00 B   4 60.00 LoBoy   8 159.50 Table Model   7 97.60 
Automobile Price DeLuxe   4 67.50 HiBoy   8 179.50 Mod. 47-950   7 159.25 
not yet available. DC   4 90.00 •GRAYBAR DeLuxe.   8 235.00 

'STEINITE WESTERN AC   4 99.00 330 Table   8 98.50 New "76- Line 
CONSOLES 330-F-45   8 175.25 76 Table   6 72.00 70   6 125.00 
140   6 174.50 500 Table   4 75.00 76 Console   6 119.50 80   6 157.60 
141   
149   

6 
6 

154.50 
194.50 

BALDWIN 
Chassis   6 On req's 

550   
600   

4 
7 

130.00 
225.00 

76 Lowboy   
76 Highboy   

6 
6 

129.50 
149.50 STROMBERG 

Low Boy   6 198.00 76 Hiboy DeLuxe. 6 205.00 CARLSON 
AMRAD Highboy   6 219.00 641   165.00 
Aria   7 213.00 Model 60 6 157.50 GREBE 25 cy. 641   155.00 
Serena'   7 260.00 21950-A   6 223.50 PREMIER On 642   277.00 
Symphony   7 310.00 270-C   6 274.00 724   7 Request 25 cy. 642   272.50 
Duet (Comb.)   7 520.00 'BROWNING 285-A   6 292.00 846   377.50 
Minuet   7 163.00 DRAKE Comb. 450   6 465.00 654 Combination.. 387.00 

56   9 154.50 RCA Radio Victor 632 Low Console.. 257.00 
•ANDREA-FADA GULBRANSEN 63 Table   9 109.50 44   4 75.00 
15-M Chassis   7 120.00 291   8 149.50 46   4 130.00 
15-MZ (25-40 cy.). 7 120.00 292   8 159.50 Batt 21   5 69.50 ZENITH (with tubes) 
25   8 172.00 'BRUNSWICK 200 Comb   8 235.00 Batt 22   5 135.00 52   225.00 
35-C   7 227.00 S-14   7 129.00 Comb. 47   4 275 00 53   300.00 
35-B   7 265.00 S-21   7 154.00 Comb. 67   8 690.00 54   425.00 
75   7 

7 
370.00 
695.00 

S-31   7 249.00 HOWARD 55 Comb   750.00 
77 Comb   

COLONIAL (Add Fr eight) 
Consolette   
Puritan   

6 
6 

195.50 
220.50 SENTINEL 

60   
61   

188.00 
198.00 

'APEX (with tubes) Cavalier   7 175.00 Hepplwth   6 255.50 444   6 89 50 0   235.00 
11   6 124.50 Plcadilly   7 175.00 Florentine   6 285.50 666   8 99.50 61   420 00 
14   6 149.50 Modern   7 235.00 Gothic   6 285.50 Comb. 666-C   8 149.50 6:   545.00 

"Denotes this manufacturer also builds non-screen-grid models. 



ELI MINATION OF LINE H U M 

M ANY cases of bad a-c hum are due 
entirely to external causes and 
not to any fault in the filter sys-

tem of the receiver so troubled.  Al-
though this is commonly known as "60-
cycle" hum and is caused by that fre-
quency, the hum which is heard is that 
of 180 cycles, the third harmonic of 60 
cycles. 
A 60-cycle current reverses its direc-

tion 120 times a second, the current 
value rising to a maximum and falling 
back to zero this number of times. Like-
wise, the magnetic field which surrounds 
the supply wires alternately rises to a 
maximum and collapses to zero 120 
times a second. The third harmonic of 
this 60-cycle frequency, 180 cycles per 
second, is within the band of frequencies 
which are reproduced by the radio ampli-
fier and heard by the ear. 
Consequently, when any magnetic 

field variation at this frequency is im-
pressed upon any sensitive part of the 
receiver, it may be heard as a hum in 
the loudspeaker. The intensity of this 
hum will depend entirely upon the 
amount of coupling between the sensi-
tive parts of the receiver (including 
aerial and ground) and the strength of 
the magnetic field. The greater the cur-
rent flowing, the greater will be the in-

By N. EARL BORCH 

tensity of the magnetic field and the 
more energy pick-up may be had. Also, 
the closer the sensitive parts of the re-
ceiver are to the source, the greater will 
be the pick-up.  Generally, the higher 
the voltage in the circuit, the greater 
the power consumption, and the greater 
are the precautions necessary to prevent 
interference from such a source. 
Assuming that the receiver itself is en-

tirely free from hum, the service man is 
required to locate the external cause and, 
if possible, to eliminate its effect. In the 
order of their importance the most com-
monly found causes of such hum are as 
follows: 
1. Improperly grounded neutral power 

wire. 
2. Receiver too close to high tension 

lines carrying heavy current. 
3. Coupling between aerial lead-in or 

ground wire with some electrical circuit 
carrying a heavy current. 
4. Poor ground connection to the ra-

dio receiver. 
5. Pick-up between any of the sensi-

tive parts of the receiver itself and a 
source of heavy magnetic field variation. 
6. Aerial running parallel and close 

to high tension lines. 

7. Inside aerial running parallel to 
and close to wiring of the building. 
8. Loudspeaker leads being coupled 

magnetically to electrical circuit in 
building. 
If the neutral of the power wire is 

improperly grounded the line will be in 
an unbalanced condition and bad hum is 
often heard from the loudspeaker, partic-
ularly coming in on the carrier wave 
from the broadcast station. This condi-
tion may be checked by means of a test 
lamp, which should be rated at 220 volts. 
One connection from the lamp is made 
to the nearest water pipe, and the other 
connection alternately touched to the 
two or three wires of the service to the 
building.  In the case of a three-wire 
service, the neutral wire should be the 
center one at the service switch, the two 
outside leads being known as the "hot" 
leads. When the lamp is connected to 
one of the hot leads and the water pipe 
it should glow at full brilliancy, just as 
it will when connected from one of the 
hot leads to the neutral. If, when con-
nected between the hot lead and the 
water pipe it does not glow, the neutral 
wire is not grounded, and if it glows 
dully, the resistance between the neutral 
and the water pipe is too high and a new 

(Continued on First Column Below) 



(Continued from Third Column Above) 

wire should be run in. This work should 
comply with local city ordinances per-
taining to it. 
If the receiver is located close to a 

circuit carrying a heavy electric current, 
the resultant magnetic field may be dense 
enough to induce a current into exposed 
sensitive parts of the receiver.  (If the 
receiver is thoroughly shielded, this is 
rarely the case.) This condition may be 
determined by means of a compass. If 
the needle movement is erratic, upon 
bringing it near the receiver or the walls 
of the room, a different location must be 
found for the receiver in order to stop 
the hum. 
Wherever possible, the aerial lead-in 

and ground wire should be run outside 
the building and far enough away from 
its walls to be separated at least one foot 
from all electrical circuits, particularly 
so if the wiring is of the open skeleton 
type, with porcelain knobs and tubes 
used to insulate the wires from sur-
rounding walls and floors.  If hum is 
had from receivers in apartment houses 
having built-in aerials, the erection of a 
separate aerial will be found necessary. 
Many receivers will give a hum if no 

ground wire is used. This may be due 
to a poor neutral ground as explained 
above or to the electrical characteristics 
of the receiver itself. Sometimes this is 

reduced by reversing the attachment 
plug on the power input to the receiver. 
A pipe is not always a good ground, and, 
in all cases where possible, an independ-
ent ground should be used. 
Line hum is sometimes confused with 

the hum from the commutator of a high-
voltage alternator which is connected to 
a substation by means of a transmis-
sion line without an intermediate trans-
former. A very heavy field usually sur-
rounds lines of this character and great 
care is necessary in the installation of a 
receiver if hum is to be avoided. The 
frequency of such commutator hum is 
greater than 180 cycles and the intensity 
of the sound remains constant while a 
portable receiver is carried along paral-
lel to the line. Thus it can be identified 
and distinguished from the ordinary line 
hum. 
There are several other misconcep-

tions about so-called line-hum which 
should be corrected. One favorite con-
tention of radio men is that in an over-
loaded transformer the vibration of the 
core laminations sets up a fluctuating 
magnetic field which causes a hum in 
neighboring receivers. Another conten-
tion is that a hum is produced by a 
phase displacement in the supply line. 
The latter is obviously impossible if 

no frequency is at hand to beat with the 
fundamental or its harmonics. In a very 

few localities where several supply fre-
quencies are used, such as 25 and 60 
cycles, such beat frequencies might be 
produced and heard as a hum. But such 
localities are very rare. The author has 
verified this theory by a series of prac-
tical tests in which severe phase dis-
placement was purposely introduced, but 
could cause no hum. 
In order to test the former conten-

tion as well as to determine under what 
conditions a line hum may be intro-
duced, the author made an exhaustive 
series of tests over a long period of time 
in a power company's laboratory. These 
tests were made on a large number of 
commercial transformers of from 1% 
to 25 kw capacity, with single and 
banked connections, single and triple 
phase.  Loads of from 10 to 300 per 
cent of full load were applied and the 
transformers operated until they were so 
hot that they could not be touched with 
the bare hand. 
These tests showed that even when 

the core hum could be heard for several 
hundred yards, no hum could be picked 
up by a receiver placed within four feet 
of the transformer.  Furthermore no 
line hum could be produced if any pos-
sibility of magnetic coupling were re-
moved and if the neutral power wire 
were properly grounded. 



Circuit Analysis of Stro mberg - Carlson No. 846 Receiver 

T•  its is a seven-tube receiver with 
three stages of tuned r-f amplifica-
tion, power detector and two 

stages of transformer coupled a-f ampli-
fication, the last of which is in push-
pull. In the r-f stages '24 tubes are 
used, '27s as detector and first audio 
and '45s in the power stage. An addi-
tional '27 tube is used as an automatic 
volume control and one '80 is employed 
to supply the rectified voltages for the 
plates, grids and screen grids, while an-
other supplies the voltage to the field 
winding of the dynamic speaker. 
The antenna inductance is high, 

resonating the antenna circuit below the 
broadcast frequency spectrum, so that 
variation of inductance or capacity in 
the antenna will have no effect upon the 
alignment of the tuned circuits which 
follow. Across the primary of the first 
transformer, or antenna coil, are con-
nected a 20,000 ohm potentiometer and 
a 10 ohm resistor. The moving arm of 
the former goes to ground, shunting out 
a portion of the potentiometer and de-
creasing the antenna pickup, hence the 
sensitivity of the receiver, as it shunts. 
The 10 ohm resistor is so located as to 
avoid an absolute shunting of the coil. 
In order to prevent the overall sensi-

tivity curve from changing shape as the 
sensitivity is reduced, a 500 ohm resistor 
in series with a .00025 pf condenser is 
connected between the ground and the 
other junction of the coil and poten-
tiometer. 
The three r-f grid circuits are identi-

cal and are tuned by means of three of 
the gang condensers. An unusual feature 
in these circuits is the .00025 pf con-
denser which keeps the bias voltage out 
of the secondary coil. The bias is sup-
plied to the grid, through 5 Mo grid 
resistors, from two points in the auto-
matic volume control output circuit for 
the first two stages and direct from the 
cathode resistor in the case of the third. 
A 390 ohm resistor in each of the first 
two cathode leads supplies the minimum 
bias to the first two tubes, a 600 ohm 
bias resistor supplying the grid of the 
third tube. 
The three r-f plates are supplied from 

a tap in the voltage divider; the screen 
grids from another tap. Each plate, 
screen grid, cathode and grid bias supply 
lead is bypassed to ground through a 
.3 p.f condenser. 
The linear power detector has a grid 

circuit similar to those of the r-f tubes 
except for the grid condenser. In this 

case the grid bias is supplied direct from 
a 15,000 ohm resistor in the cathode 
circuit. A connection from the junction 
of the cathode resistor and the grid 
return, to the grid resistor of the auto-
matic volume control tube, and to the 
extreme negative end of the voltage 
divider serves as the grid return of the 
volume control tube and provides a re-
turn path for the plate circuit of the 
detector. 
The output of the detector is filtered 

through a choke and two bridging con-
densers and supplied to the grid of the 
first a-f tube through an audio trans-
former, across the secondary of which is 
connected a 250,000 ohm potentiometer 
for manual volume control. A phono-
graph pick-up jack and pick-up switch 
are inserted at this point. Grid bias is 
supplied the first audio tube by means of 
a 1500 ohm resistor between cathode 
and ground. The grid return passes 
through the secondary of the trans-
former and the pick-up switch to ground. 
Transformer coupling is again used 

between the first and second a-f stages. 
Although the grid return seems to go to 
the negative end of the voltage divider 
in this case, it returns direct to the fila-

(Continued on Next Page) 



Circuit Diagram of Stromberg -Carlson No. 846 Receiver 
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ment center-tap through the 725 ohm 
resistor between the latter and the trans-
former secondary center tap. The con-
nection from the transformer secondary 
to the voltage divider merely provides a 
path for the plate current as in the case 
of the detector biasing arrangement. 
The output transformer is incorpor-

ated in the set proper, and a shunting 
switch is connected across its secondary 
so that the signal may be kept out of the 
speaker while the tuning meter is being 
adjusted. 
The grid of the automatic volume 

control tube is supplied with signal fre-
quency voltage from the third r-f ampli-
fier plate through a .00025 pf condenser. 
Grid bias is taken from the 330 ohm 
unit on the negative end of the voltage 
divider. The cathode is connected to the 
first tap in this divider, giving it a posi-
tive potential with respect to the grid 
and a negative potential with respect to 
the plate, the latter being connected to 
ground, or the third tap in the voltage 
divider. The grid lead is bypassed to 
ground through a .3 pf condenser, while 
a .5 tLf condenser bypasses the two 
100,000-ohm resistors which connect the 
plate to ground, in order to prevent r-f 
coupling. 
When a certain signal strength is 

impressed upon the grid of the control 

tube, plate current will start to flow. 
When this direct current is flowing 
through the two 100,000 ohm resistors 
a voltage drop occurs in them. As this 
voltage is negative with respect to 
ground and to the cathodes of the r-f 
amplifiers, it is used to add to the biases 
of the first two r-f tubes. It is tapered 
so that the bias on the first may be 
greater than that on the second. When 
a signal is received these biases increase 
and tend to decrease the strength of the 
signal supplied from the first two r-f 
amplifiers to the third and consequently 
to the control tube and detector. Finally 
an equilibrium is reached where the bias 
takes a value in proportion to the 
strength of the signal and the signal 
strength at the detector is kept sub-
stantially uniform. 
Due to the fact that the peak of the 

audible signal has been flattened out by 
the automatic volume control, it is prac-
tically impossible to determine the exact 
resonance point by ear. It is therefore 
necessary to have a visual means of 
locating this point. The visual tuning 
meter in this receiver is merely a mil-
liammeter, mounted upside-down, in the 
cathode circuit of the second r-f tube. 
It measures the plate current of this 
tube. 
When the signal is increased the grid 

bias is increased and the plate current is 

decreased. With the meter in its upside-
down position, the "off" position is at 
the right. When the receiver is turned 
on and no signal is being received, the 
meter needle goes over to the left, in-
dicating maximum plate current. As the 
signal is tuned in, the bias increases, 
dropping the plate current and allowing 
the indicator to return to the right. 
When the needle reaches the maximum 
deflection to the right (minimum plate 
current) it shows that the receiver is 
tuned to resonance with the carrier. It 
is important that this means of adjust-
ment be thoroughly understood by the 
user because distortion will result if true 
resonance is not obtained. 
The power supply is conventional ex-

cept for the fact that a portion of each 
of the two chokes is used as a reversed 
winding or bucking coil in order to 
minimize the a-c hum. Plate supply for 
the two power tubes is taken from the 
low potential side of the first choke; 
that for the detector from the low side 
of the second choke, through a 10,000 
ohm resistor. A voltage divider is con-
nected across the output of the second 
choke and the negative lead, the first 
section supplying the plates of the r-f 
and first a-f tubes, the second supply-
ing the screen grids of the r-f tubes, the 
third serving as B negative for the r-f, 

(Continued on First Column Below) 
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detector and a-f tubes and as B positive 
for the volume control tube (this is the 
ground lead). The fourth tap gives the 
cathode of the automatic volume control 
tube a negative potential with respect to 
its plate and a positive potential with 
respect to its grid, the latter being re-
turned to the extreme negative end of 
the divider. 
A separate power transformer and '80 

rectifier tube serve to energize the field 
winding of the speaker. No filter, other 
than a single 2 of condenser, is necessary 
in this power unit. 
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Stromberg-Carlson Sensitivity Curve 

The sensitivity of the Stromberg-Carlson 
receiver involves a painful waste of graph 
paper. It almost shoves the zero line off the 
scale.  At its weakest end, 1500 kc, a 3 
microvolt per meter signal will be picked 
up  and  reproduced  with  average  room 
volume (50 mw). From 1350 kc to 800 kc 
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the curve is flat, and low enough to indicate 
that the receiver should pick up street-car 
flashes from Greenland's icy mountains to 
the burning wastes of the Sahara. 
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Normal selectivity is found in the Stromberg-
Carlson 846 receiver. The 1400 kc curve is 
a little flat, but not unusually so. With a 
resonant signal on 1400 kc of 10 microvolts it 
will be seen that a station 30 kc away would 
have to have a field strength of 130 micro-
volts in order to completely rout the selected 
station. This is a ratio of 13 to 1. 

It was necessary to peak the receiver at 10 
microvolts instead of the usual 100 due to 
the fact that the automatic volume control 
limited the output of the set at the latter figure, 
rendering the tests useless. At 10 microvolts 
the automatic volume control had not com-
menced to take effect, this system being un-
necessary at such extremely low input voltage. 
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Fidelity Curve of Stromberg-Carlson 

The Stromberg-Carlson has a peculiar 
fidelity curve. Bass notes, down to 50 cycles 
and possibly lower, are hardly dropped at 
all, and the higher frequencies begin to drop 
around 1000 cycles, very gradually, until at 
2700 cycles they take a new lease on life and 
make a jump of from P/2 to 4 decibels. At 
3100 cycles the 600 kc curve becomes the 
victim of side-band cutting and starts down-
ward, the higher frequency curves staying 
up very well. The dip shown in the three 
curves may be the result of a sudden attenu-
ation at 2700 cycles, but is more likely due 
to a resonant peak immediately following. 
In any event the overall average of each 
curve is good. 



Engineering the Public Address Installation 

THE engineering problems encoun-
tered in the installation of a public 
address system differ somewhat 

from those met in putting in an ordinary 
broadcast receiver and require a more 
specialized knowledge. They may be 
classified under three heads: design, oper-
ation and acoustics. 
The problems in design involve the 

selection of adequate equipment to suit 
the specific requirements of each installa-
tion. It also includes the proper match-
ing of terminal impedances and the 
equalization of transmission lines. 
The operating problems are concerned 

with the method of controlling gain, 
fader circuits and volume-indicating cir-
cuits.  The acoustical problems to be 
solved are the uniform distribution of 
sound and the modification of echo and 
reverberation effects. 

Selection of Equipment 

THE selection of equipment for any 
particular installation should not be 

difficult as there are a number of good 
commercial public address amplifiers on 
the market. These vary from about 60 
TU to 100 TU in gain, and from about 

By J. GARRICK EISENBERG 

15 to 25 watts in power handling capac-
ity. They may be purchased as individ-
ual units and assembled in rack form 
along with the associated meter and con-
trol panels, or the complete public ad-
dress system, ready for wiring up to input 
and output devices, may be had at quite 
nominal cost. 
Some variation exists in input coupling 

and volume control requirements, de-
pending on the nature of the service in-
volved. For this reason the individual 
unit assembly sometimes offers better 
flexibility in operation. In either case the 
equipment used is of conventional design 
with three stages of amplification. The 

output stage, and in some makes the in-
termediate stage also, is in push-pull ar-
rangement. 
The choice of amplifier size is de-

pendent upon the actual power require-
ments of the job in hand. This trans-
lates itself into the number of speakers 
necessary to adequately serve the instal-
lation. Although there is no strict data 
available on the subject, prior experience 
affords a practical basis of judging com-
parative requirements. The table here-
with may serve as a fair indication of 
the number of speakers and the size of 
amplifier required for any ordinary in-
stallation. It is drawn on the basis of 
indoor installations, in auditoriums in 

(Continued on First Column Below) 

Table of Speaker and Amplifier Requirements 

Audience No. Speakers Amplifier Output Output Circuit 

1500-2500 4 15 watts 2— '50s P.P. 
2500-4000 6-8 15 watts 2— '50s P.P. 
4000-6000 10-12 25 watts 4 '50s Parallel P.P. 
6000-10,000 12-15 25 watts 4 '50s Parallel P.P. 



(Continued from Third Column Above) 

which the seating capacity is fairly large 
for the volume of the room, which is the 
usual condition encountered.  For out-
door installations, the number of speak-
ers and the power handling capacities of 
the amplifier will probably have to be in-
creased to obtain the same results. 
Electro-dynamic speakers, either cone 

type or straight diaphragm with ex-
ponential horn, are used; these will han-
dle from 3 to 7 watts per speaker of un-
distorted energy.  They should not be 
worked at a point too nearly approach-
ing their maximum capacities. There is 
a general tendency to underpower the in-
stallation, which practice should be studi-
ously avoided. Allowing a 25 per cent 
minimum safety factor against the high-
est estimated load conditions at any time 
will obviate the possibility of distortion 
due to amplifier or speaker overloads. 
The number of speakers given in the 

chart is based on the minimum require-
ment for any given installation; the 
larger the number of speakers used the 
better will be the coverage, and the 
longer the speaker life. For outdoor in-
stallations as many as 16 speakers may 
be operated from a single amplifier; the 
speakers may be grouped together, two 
to four speakers to the group, and the 
several groups should be so located that 
the time lag between them will not be 
serious. This arrangement will cover a 
stadium or grandstand having a capacity 

(Continued on Next Page) 
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of from 10,000 to 15,000.  For very 
large stadiums two or more amplifiers 
should be used, their input circuits being 
paralleled; each amplifier will of course 
feed its own banks of speakers inde-
pendently. 

Transmission Line Design W 1TH the proper equipment se-
lected, the real engineering prob-

lem is the design of a suitable transmis-
sion line between amplifier and speakers. 
These are usually separated by some 
considerable distance and coupling them 
together means the attentuation of a 
good many of the higher audio frequen-
cies, due to the capacity and impedance 
of the line. Another factor is the intro-
duction of certain peak or resonant fre-
quencies, since this line forms the equiv-
alent of a shunt-tuned circuit. Finally, 
there is the consideration of proper ter-
minal impedances, in order to obtain 
maximum undistorted energy transfer. 
The mathematics of this latter prob-

lem, incidentally, are the same as for 
power output  considerations  for  a 
vacuum tube, since with moving coil 
speakers the impedance of the load does 
not vary materially with the frequency. 
The line terminal impedances should be 
equal at either end.  They should be 
kept as low as possible to prevent pick-up 
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of parasitic noises and shunt losses intro-
duced by the line. 
The usual practice is to connect the 

moving coils of the various loud speak-
ers in series parallel so as to smooth out 
the inequalities of individual speakers. 
This results in a terminal impedance at 
that end of the line, of about 15 ohms 
for the average type of speaker. 

As output transformers which satisfy 
all the conditions necessary for maxi-
mum undistorted output from the am-
plifier and maximum energy transfer 
through the line are not generally avail-
able, it is usually necessary to compro-
mise by adopting a lower stepdown ratio 

(Continued on First Column Below) 
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in the transformer than is indicated by 
the theory.  Thus in practice the line 
terminal impedances are usually about 
500 ohms and the speaker end of the line 
terminates in an autoformer which rep-
resents a primary impedance of 500 ohms 
to the line. This is tapped to match the 
speaker impedances as shown in Fig. 1. 
Special transformers and autoformers are 
made by several manufacturers for this 
purpose. 
Another arrangement which uses ordi-

nary output and input transformers as 
line coupling devices is shown in Fig. 2 
for a line whose terminal impedances are 
2000 ohms.  Some sacrifice of quality 
and energy must be expected with this 
arrangement. 
In installations for schools, apartment 

houses, and hospitals the output circuit is 
usually split up so that a number of 
speakers in different locations may be 
fed independently and at different vol-
umes.  To accomplish this, individual 
line transformers must be provided at 
each speaker location.  Their arrange-
ment across the line is the same as for 
the multiple input (mixing) circuit. A 
500 ohm potentiometer is shunted across 
each line transformer to regulate the 
volume to the desired amount. Output 
volume from the amplifier itself should 
be checked with a monitoring speaker, 
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Fig. 3. Fannie Indicator Circuit 

and in addition, a visual check should 
be provided in the form of a volume in-
dicating meter. This is bridged directly 
across the line and affords a much more 
accurate criterion of levels when used in 
conjunction with the monitor speaker. 
Such a device may be purchased as a 
complete unit, or it may be constructed 
at low cost. A typical circuit arrange-
ment is shown in Fig. 3. The usual 
circuit monitoring facilities, such as am-
meters and voltmeters, should be pro-
vided of course. 
Design considerations for coupling 

high ratio transformers are the same as 
for other types. Sufficient copper must 
be used to guard against excessive power 
losses, and this holds true of the trans-
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mission line also. Runs to the speakers 
should always be kept as short a possible, 
and in order to prevent power losses, the 
line should be constructed of No. 8 or at 
smallest, No. 10 wire.  Lead covered 
twisted pair, or ordinary rubber covered 
twisted together and run in conduit, may 
be used. 
The requirements for large wire size 

adds to the capacity of the line, and 
therefore increases the attenuation of the 
higher frequencies.  To offset this an 
equalizer circuit may be designed to 
flatten out the line characteristic. Fur-
ther modification of the line is desirable 
—sometimes absolutely essential for good 
quality—through removal of resonance 

(Continued on Next Page) 
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peaks introduced by the impedance-ca-
pacity network of the line. These re-
sult in severe exaggeration of output at 
the offending frequency, which usually 
cause speaker blasting; the fault, how-
ever, as pointed out, is not a speaker de-
fect but is ordinarily due to the reso-
nance effects mentioned.  Trap circuits 
tuned broadly to the resonant frequency 
will cut down these peaks, the degree of 
absorption being made variable through 
use of a variable resistance in series with 
the trap. 
A typical arrangement showing the 

use of such a circuit, for trapping out a 
bad peak at 1000 cycles, together with 
an equalizer circuit designed to smooth 
out a line having a cut-off at about 3500 
cycles, is showr in Fig. 4; the mathe-

matics of design are given in the sketch. 
The characteristics of the line may be 

determined in the usual manner through 
use of a beat frequency oscillator and 
vacuum tube voltmeter; the run is 
plotted as a graph, volts output against 
frequency, the input level being constant 
at all frequencies. If desired, the run 
may be coordinated on log paper, fre-
quency in cycles against DB, so as to ob-
tain the true audibility characteristic. 
Equalization can then be calculated for 
the conditions indicated. 
If a beat frequency oscillator is not at 

hand the frequency runs may be made 
with constant amplitude phonograph rec-
ords covering the entire range of commer-
cial audio frequencies which are now 
available from Victor. Taking the output 
at mean speech frequency (about 500 

cycles) as a constant of amplitude, the 
overall output characteristic can be 
readily plotted against this. A vacuum 
tube voltmeter is necessary to measure the 
output; a suitable meter for this purpose 
was described in the March 1929 RADIO. 
The schematic of the set-up for this 
alternative method of making frequency 
runs is shown in Fig. 5. 
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Fig. 5. Method of Measuring Line Frequency 
Characteristics 

A small portable phonograph turn-
table and an electric motor are the only 
additional pieces of equipment necessary. 
The records are made for reproduction 
speeds of 333 revolutions or 60 revolu-
tions a minute, and the motor should be 
chosen accordingly. Although the proc-
ess may seem involved, the correct engi-
neering of the transmission line is abso-
lutely essential for high quality natural 
reproduction from the system. The in-
dividual components of the system may 
themselves be above reproach, but im-
proper line matching impedances, or un-
balanced lines will invariably result in 
poor, often unintelligible quality. Care-
ful attention to the factors outlined here 
will eliminate these causes of distortion. 
(Continued on Second Column Below) 
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Input Circuits 

BECAUSE of the wide range of services 
which public address installations 

may cover, a number of different input 
circuits are described; provisions may be 
made for coupling the system to a micro-
phone amplifier, to phonograph or radio 
receiver output, or the equipment may 
be used for talking picture reproduction. 
A circuit which permits the coupling of 
microphone, radio, or phonograph pick-
up to the amplifier through a three-posi-
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Fig. 7. Typical Mixer Circuit 

tion switch is shown in Fig. 6. This is 
made up from a standard Federal two-
position anti-capacity switch by bending 
the inner contacts so that in the center 
position (normally neutral) they com-
plete the record pick-up circuit in the 
manner shown. The input transformer 
is an SM 255-M. The gain control 
consists of a 100,000 ohm potentiometer 
shunted across the secondary of the in-
put transformer. This type of input cir-
cuit is suitable for the usual school audi-
torium and hospital installation. 
In certain other installations it is de-

sirable to have a number of microphone 
control stations which may be cut in at 
will. Fig. 7 shows the arrangement in 
such cases.  The individual mikes are 
fed through separate transformers (1:1 
telephone repeaters) each with a sepa-
rate volume control of 500 ohms across 
the secondary, into the primary of the in-
put transformer.  This is the conven-

(Continued on Next Page) 
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tional "mixer" circuit used in broadcast 
work and in talking movies. 
Where the microphones are located 

any considerable distance from the am-
plifier—say in excess of 200 ft.—a two-
stage auxiliary amplifier may be neces-
sary to boost the microphone pick-up. 
In this case the output transformer of 
the amplifier should have a 500 ohm 
secondary, and the various windings will 
be connected together in the same 
manner. 
A typical input circuit for use in sound 

picture installations is given in Fig. 8. 
This connects in the output from either 
a disc pick-up device, or the photo-elec-
tric cell amplifier of the film pick-up sys-
tem.  Provision is made for fading 
smoothly from one projection machine 
to the other (at the change of reels) by 
incorporating two individual gain con-
trols in a single unit so that changeover 
occurs without any perceptible lapse in 
program. This arrangement is called a 
fader, and it takes the place of the con-
ventional volume control. As indicated, 
the disc pick-up device feeds into a trans-
former whose secondary winding is of 
the order of 500 ohms. These devices 
incidentally are of low impedance for this 
special service, and vary from 1.7 ohms 
to about 400 ohms at mean musical fre-

quency (800 cycles) ; they are supplied 
with the special coupling transformers. 
The fader circuit is a double potenti-

ometer arrangement, which maintains a 
constant impedance of 500 ohms across 
the line regardless of changes necessary 
to volume control. This insures that the 
quality will be held constant throughout 
such volume changes as are necessary; 
the usual arrangement causes a notice-
able throttling of the lows during such 
changes. The zero point for the fader 
is at dead center; rotation to right or left 
cuts in the pick-up circuit desired. Vol-
ume is usually cut down at the start and 
end of each selection and skilful opera-
tion of the fader will permit overlapping 
of the two records so that the change 
will not be noticeable.  The arrange-
ment is applicable to any installation 
where a continuous musical program may 
be desired. Fader units similar to the 
one described are available on the market 
from several resistance manufacturers. 
Disc pick-up transformers are some-

times designed to feed directly into the 
grid circuit of the amplifier.  In such 
cases a standard microphone transformer 
can be used as the line coupling device; 
the high side will then go to the pick-up 
transformer secondary of course, and the 

low impedance (microphone) winding to 
the line. A second transformer will be 
necessary to couple the line into the in-
put circuit of the amplifier.  The ad-
vantages of this low impedance coupling 
circuit are freedom from extraneous 
pick-up, and a smoother control of input 
volume. As mentioned, these arrange-
ments are not necessarily confined to 
talking picture installations, and may 
find considerable application in other 
types of service. 

Acoustical Considerations 

RGARDLESS of the excellence of the 
electrical installation, the actual 

sound produced depends upon the acous-
tical conditions in a room or auditorium. 
The size and shape of a room determines 
the sound distribution. In a large deep 
room the volume necessary to give un-
derstandable sound in the rear may be 
uncomfortably loud in the front of the 
house. Under such conditions the speak-
ers should be placed as high up as is prac-
ticable, and angled downward towards 
the rear of the house. This will keep 
the front sections out of the direct wave 
front and will considerably relieve the 
effect of excessive loudness. 
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Zenith Selectivity Curves 

Selectivity is certainly a feature of the 
Zenith receiver.  Whether the tuning ar-
rangement be labeled a band-pass filter or 
merely a tuned plate circuit, the five tuned 
circuits surely do the trick.  The  rather 
broad shoulder of the 600 kc curve seems 
to indicate that the tuned plate idea gives 
something similar to a band-pass effect. The 
closeness with which the 1000 kc curve, and 
even that of 1400 kc, resemble the 600 kc 

curve is indicative of good engineering de-
sign. According to the 1400 kc curve, a sta-
tion on 1420 kc would have about one chance 
out of thirty of interfering with a station 
on 1400 kc. For the higher frequencies this 
may be considered unusually good selectivity, 
and as most stations operating on these fre-
quencies are less powerful and are capable 
of a much less percentage of modulation 
than the low frequency stations, the Zenith's 
actual ability to cut out the interference on 
the high frequencies should be excellent. 
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Zenitl Fidelity 

The Zenith sensievity curve, while well 
down within the boundaries of good sensi-
tivity, climbs a little too high on each end 
to rate a compliment.  In some respects it 
is better to have equalized sensitivity over 
the whole frequency scale than excellent 
sensitivity at one end or in the middle with 
a falling off at one or both ends. With a 
scale as gradual as this, however, it will 
readily be seen that even on 600 kc, where 
the sensitivity is poorest, the receiver gets 
well down into the average noise level; so 
perhaps the criticism of this cup-shaped 
curve is not justified. 

H04 

POO. 

ZENITH  52  I  

I I I  III  
50  100  200  500  1000 2000  5000 10000 

FREOUENCY - eYeu$ PER PCORD 
Sensitivity of the Zenith Receivers 

The fidelity curve of the Zenith 52 takes 
on a peculiar shape. The little peak at 120 
cycles looks as if it might be due to a re-
sidual hum in the receiver, but tests proved 
that this was not the case. The audio-fre-
quency system seems to be so resonated that 
it will pass this particular frequency with 
slightly greater strength than higher and 
lower frequencies. The reason for this may 
be an effort to overcome a weakness in the 
speaker or merely to build up these notes 
because of a natural human desire to hear 
them. They are not strengthened enough to 
be objectionable; in fact, 2 db will barely 
raise them out of their proper place; and 
when it is considered that the average ear 
is less sensitive to notes of this frequency 
than those of the middle register, another 
reason for thus resonating the circuit pre-
sents itself.  The attenuation of the high 
notes is very gradual, dropping only 10 db 
at 1000 and 1400 kc and 21 db at 600 kc. 
This latter attenuation is due to side-band 
cutting in the r-f circuit. 



CIRCUIT ANALYSIS OF ZENITH 
SERIES 50 

THESE receivers consist of two r-f 
stages, detector and three a-f stages, 
the second and third of which are 

in push-pull. Type '24 tubes are used in 
the r-f stages and detector, '27s in the 
first and second audio stages and '45s in 
the last a-f stage. An '80 serves as 
rectifier. 
The use of the antenna compensator 

condenser is optional, a plug and jack 
arrangement being provided to short it 
out at will. An r-f choke is connected 
across antenna and ground, and the an-
tenna is connected to the grid of the first 
tube through the antenna coil. A five-
gang condenser is used to tune the two 
r-f and detector grid circuits, and the 
two r-f plate circuits, giving five tuned 
circuits with only two r-f stages, which 
explains the good selectivity shown by 
the curves. 
Grid bias for the two r-f tubes is sup-

plied by the voltage drop from a 400-
ohm resistor between the two cathodes 
and ground. A 50,000 ohm resistor be-
tween the detector cathode and ground 
furnishes the bias to the detector grid. 
Both of these resistors are by-passed. 
The r-f plates receive their positive po-
tential from the low potential side of the 
dynamic speaker 4.21d winding, the latter 

being used as an a-f choke in the posi-
tive high voltage line. The voltage is 
passed through two r-f chokes in each 
plate lead, one of which is coupled to a 
choke in the secondary circuit. Screen 
grid voltage for the r-f tubes and de-
tector is taken from a potentiometer 
which is connected between a tap in the 
voltage divider and ground. This po-
tentiometer serves as volume control. 
The detector plate, first audio plate 

and the plates of the two second audio 
tubes are fed from the same line as the 
r-f plates, the detector voltage passing 
through the 250,000 ohm plate resistor, 
the first a-f plate voltage going through 
a 100,000 ohm feeder resistor and the 
voltage for the pair of '27s in the second 
stage passing only through the primary 
of the audio transformer. 
The first a-f stage is resistance coupled, 

a 100,000 ohm resistor being used in the 
grid circuit. A 4000 ohm resistor be-
tween cathode and ground supplies the 
grid bias to this tube. The second stage 
is transformer coupled, the plate voltage 
being isolated from the transformer 
primary by means of the above men-
tioned resistor and a fixed condenser 
which passes the audio frequencies to the 
transformer.  The other side of the 
primary is returned to the cathode. Grid 
bias is supplied to the push-pull '27s 
from the voltage drop in a 2000 ohm 

resistor between the two cathodes and 
ground. 
Transformer coupling is also used be-

tween the second and third a-f stages 
and the two '45s obtain their grid bias 
from a section of the voltage divider be-
tween the extreme negative end of the 
rectifier output and ground. Plate volt-
age is supplied these tubes direct from 
the high potential line before it passes 
through the speaker field winding. The 
output transformer is mounted on the 
speaker which is connected into the cir-
cuit by means of a five-prong plug and 
a tube socket. 
The power unit contains a trans-

former with two 2% volt filament secon-
daries, one 5 volt secondary for the '80 
filament and the high voltage secondary. 
A three-element Mershon condenser 
supplies the necessary capacity for filter-
ing and a choke and the speaker field 
winding complete the filter. 
The automatic tuner unit consists of 

a system of levers which are geared to 
the condenser shaft. When any lever is 
pushed down, the condenser shaft is ro-
tated, stopping at a previously located 
point which marks the frequency of the 
desired station. It takes the place of the 
usual tuning dial, eliminating the neces-
sity of carefully determining the exact 
point of resonance. It is a simple ar-
rangement and fool-proof. 
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Fig. 1. Circuit Diagram of Zenith Series 50 Receivers 

Position  "A"  "B"  Control  Screen  Screen  Cathode  Normal GridTest 
of Tube  Volts  Volts  Grid Volts  Volts  Current  Volts  M. A.  M. A. 
1RF  2.3  173  1  54  .3  2.  2.  3.9 
2RF  2.3  173  2  54  .3  2.  2.2  2.9 
DET.  2.3  85  4  36  .0  5.  .0  .5 
1AF  2.3  55  1.5  ....  ..  4.  1.2  1.5 
2AF  2.3  153  13  13.5  3.4  5. 
2AF  2.3  153  13  13.5  3.4  5. 
3AF  2.1  250  49  23.  27.5 
3AF  2.1  250  49  23.  27.5 
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Finding W hat's the 

W HEN trouble in a radio set has 
been found to be due to a defec-
tive tube, the question often 

arises as to what is the matter with the 
tube. Test may show that its emission 
is "up" and that it oscillates well, yet it 
does not give the amplification that is to 
be expected from a tube of its type. An 
emission test merely indicates that the 
filament is in good condition and the os-
cillation test that the degree of vacuum 
is normal, no more and no less. They 
tell nothing about mis-spacing of the ele-
ments, for example, which seriously af-
fects the plate impedance and amplifica-
tion factor, and consequently the tube's 
performance. 
It is impracticable for the average 

radio service shop to be equipped with 
apparatus for testing plate impedance 
and amplification factor. There is, how-
ever, another tube characteristic called 
,̀mutual conductance" which tells aplenty 
about both and which can easily be 
measured in any tube with apparatus 
that may be simply and cheaply con-
structed. 
Mutual conductance, when divorced 

from its harem of technical terms, is 
merely a measure of the change in plate 
current that is - Auced by a change in 

All this can be learned with the in-
strument here described by putting the 
tube in the socket, adjusting the filament 
voltage to the required standard, con-
necting the specified grid and plate volt-
ages, and adjusting the calibrated knob 
until a minimum signal from an oscilla-
tor is heard in the phones. If the scale 
reading at this point does not correspond 
tc that given in the table of mutual con-

(Continued on First Column Below) 

Matter With a Defective Tube 
By P. S. LUCAS 

grid voltage. Consequently it tells all that 
need be known about a tube: whether 
there is sufficient emission from the fila-
ment or cathode, what is the area, nature 
and temperature of this electron-emitting 
surface, whether the plate has sufficient 
area, whether the grid-mesh is fine 
enough, and whether the elements are 
correctly spaced. 

Circuit Diagram of Mutual Conductance Bridge 

0,01ZATOR 
OUTPUT 

CI 



(Continued from Third Column Above) 

ductances, the tube will not "match" 
normal tubes in a critical circuit. 
Whether it is the fault of emission, faulty 
spacing of the elements or what have 
you, the result is the same, for the mu-
tual conductances must be matched! 

Constructing the Conductance Bridge 

ATHOUGH no original ideas are 
brought forth in this description of 

a home-made mutual conductance bridge, 
service men may find some value and a 

lot of encouragement from the very 
simplicity of the job. Mechanical speci-
fications and panel layouts have been 
avoided because everyone who reads this 
will have his own ideas as to layout. It 
may, of course, be built into the present 
shop testing panel, space permitting, or 
be drawn into the design for a complete 
new testboard or portable test set, or it 
may be built into a separate unit as 
shown in the accompanying pictures. 
Two rheostats are provided for varia-

tion of filament voltages; one for high 

current tubes and one for low current 
tubes. A s.p.d.t. toggle switch puts the 
two in series for the low current loads 
and uses the low resistance rheostat alone 
for high current loads. The two-range 
voltmeter is used simply because it was 
the only one available, a measurement of 
the plate voltage being an unnecessary 
annoyance if the B battery voltage or 
other power supply is known to be nor-
mal. A 4-prong and a 5-prong socket are 
used to eliminate the necessity of an 

(Continued on Next Page) 

Front and Rear flew of Mutual Conductance Bridge 



(Continued from Preceding Page) 

adapter, and the plates of the two are 
tied together, as are the grids and the 
filaments. The cathode is connected to 
the negative filament lead. 
The two fixed resistors R, and R, are 

of 1000 and 100 ohms respectively and 
should be the most accurate obtainable. 
R, may at times be subjected to loads of 
over 50 ma at 425 volts, so should be 
chosen accordingly. The variable resistor 
R has a maximum resistance of 200 
ohms, and is calibrated in 10-ohm sec-
tions on the dial. Each of these 10-ohm 
sections may be read directly as 100 
micromhos of conductance, giving the 
bridge a range of from 0 to 2000 micro-
mhos, which is great enough for all prac-
tical purposes, although some manufac-
turers rate their type '50 tubes at 2100. c, 
A 250-ohm resistor should have been 
employed if one could have been found 
that was as ruggedly built and worked 
as smoothly as the 200-ohm resistor listed. 
The excitation from the audio oscillator 
should be at 1000 cycles and weak enough 
so that a good minimum signal can be 
heard in the headphones. 
In order to calibrate the resistor R 

it is necessary to use a Wheatstone 
bridge or an accurate ohmmeter. Every 
10 ohms on the resistor may be plotted 

(Continued on First Column Below) 

TABLE OF CONDUCTANCES 

1 

l • Filament Control 
Grid Bias 

Screen 
Grid Bias 

Plate 
Battery 

Mutual 
Conductance 

Type of Rheostat 
Tube Used 

Volts Amperes Volts Volts Volts Micromhos" 

11 LO W 1.1 0.25 -4.5 _ 90 425 
12 LO W 1.1 0.25 -4.5 _ 90 425 
112-A HIGH 5.0 0.25 -9.0 _ 135 1600 
'20 LO W 3.3 0.132 -22.5 _ 135 510 
'71 HIGH 5.0 0.50 -40.5 _ 180 1500 
'71-A HIGH 5.0 0.25 -40.5 _ 180 1500 
'99 LO W 3.3 0.063 -1..5 _ 90 420 
'00-A HIGH 5.0 0.25 0 _ 45 670 
'00-B LO W 5.0 0.125 0 _ 45 670 
'01-A HIGH 5.0 0.25 -4.5 _ 90 740 
'01-B LO W 5.0 0.125 -4.5 _ 90 740 

1 '10 HIGH 7.5 1.25 -35.0 - 425 1600 
' '22 LO W 3.3 0.132 -1.5 4-5 135 350 
'... '24 HIGH 2.5 1.75 -1.5 75 180 1050 
'26 HIGH 1.5 1.05 -9.0 __ 135 1100 
'27 HIGH 2.25 1.75 -4.5 ___ 90 900 
'40 HIGH 5.0 0.25 -3.0 .... 180 200 
'45 HIGH 2.5 1.5 -34.5 ___ 180 1800 
'50 HIGH 7.5 1.25 -84.0 _ 450 1800 

•,' 842 HIGH 7.5 1.25 -100.0 425 1200 
. 865 HIGH 7.5 2.0 0 1-2-i 500 750 

• The values of mutual conductance given in this table are not intended to be standard. 

For more information consult the data sheet issued by the manufacturer of the particular brand 

of tube under test and accept his rating. Some manufacturers express mutual conductance 

in milliamperes per volt; 1 milliampere per volt being equivalent to 1000 micromhos. 
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on the dial as 100 micromhos. The ac-
companying table of representative values 
of mutual conductance for vac r tubes 
in general use was taken from t General 

(Radio Experimenter:No which publica-
tion the author is indebted for the gen-
eral plan of construction. 
When screen grid tubes are tested the 

negative side of the bias battery is dis-
connected from its post (Bias Negative) 
and clipped to the cap on top of the 
tube. A screen grid battery is brought 
into play, the positive terminal going to 
the now free Bias Negative post and the 
negative tap to the A minus post. All 
other connections remain as before. 

List of Parts for Mutual 
Conductance Bridge 

R 200-ohm G. R. variable resistor 
R, 1000-ohm Carter fixed resistor 
RI 100-ohm Carter B-100 fixed re-
sistor 

R, 7-ohm 1.5 amp. G. R. rheostat 
R, 25-ohm G. R. rheostat 
S, S. p. s. t. toggle switch 
Si S. p. d. t. toggle switch 
C, Tobe 1 Af condenser, 400 volts 
1—G. R. "X" base socket 
1—G. R. "Y" base socket 
1 0-8 d-c voltmeter 
8—G. R. binding posts 
Panel and cabinet to suit. 

A TRANSPOSITION AERIAL 

By N. EARL BORCEI 

THE TYPE of aerial here described 
has been found to be effective in 

reducing a-c line hum from receivers 
in congested areas when there are many 
wires which carry heavy, varying cur-
rents.  Its effectiveness depends upon 
the principle of transposition as used 
by telephone engineers to stop cross-talk 
and hum due to magnetic field inter-
section between parallel lines. By cross-
ing the wires at regular intervals the 
induction is neutralized. 
This aerial has two flat-top portions 

of equal length and spaced about ten 
feet apart.  The transposition is made 
in the lead-in of twisted lamp cord from 

TilVTED PAIR) 

A 
REQEIVER 

the two ends of the aerial to the receiv-
ers' aerial and ground binding-posts. As 
such a lead-in will tend to balance out 
any weak broadcast signal it may be nec-
essary to use a long flat-top in order 
to get sufficient strength of signal. Ordi-
narily a length of from 80 to 120 ft. 
will suffice. 
With this system there is no pick-up 

by the lead-in. The two flat-top por-
tions must be erected away from all 
sources of electrostatic or electromag-
netic coupling.  A ground connection 
may be added to the ground binding post 
of the receiver, but this will have a ten-
dency to unbalance the sys tem, and 
should only be used with receivers hav-
ing a natural hum from the filter system 
when no ground is used. 
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My Ne w Book Is Ready 
for You 

I'll Send You A Copy 
Free. Read It. Then 
You Can Decide One 
Way Or Another 

If you are in Radio now, I believe this book 
will show you how my course, improved and 
enlarged, can still help you make more money. 
Many service men are getting $500 to $1,000 
raises every year as a result of my training. Many 
others are advancing to good pay jobs in Broad-
casting Stations, with Radio Manufacturers. Some 
others are going on board ship —are seeing the 
world without expense and making good money 
besides. 

Still others are establishing profitable Radio 
businesses of their own —they are doing it on 
money earned in their spare time while learning. 
Still other service men are advancing to the 
position of Store Managers, Buyers. Others are 
stepping into more responsible positions in other 
branches of Radio. 

You Get This And 
More With My 

Course 
Over  50  Lesson  Test,  dealing thoroughly 

with the fundamental principles of Radio and 
transmitting and receiving sets. Radio's use in 
Talking Movies, Home Television Experiments. 
Wired Radio, Radio in Aviation, Managing and 
Operating Broadcasting Stations. Servicing Sets 
Installed in Automobiles, and many other sub-
jects. You also get over 50 Service Sheets giving 
authentic service information on many types and 
models of sets, a special short course in Radio 
Merchandising for the benefit of those who want 
a business of their own (tells you what to do 
and what not to do).  Unlimited Consultation 
Service on Radio problems, Lifetime Employment 
Service, personal training throughout your course. 

Read W hat These 
Graduates Say 

Erie Chambers, 228-230 W. 7th St., Cincin-
nati, Ohio:  "Last year my income went very 
much over $5,000. Your course served • good 
basis upon which I was able to build a successful 
future." Harry Laborde, 2010 First Ave., Perry, 
Iowa:  "My present position as manager of the 
Murray Tire Sales Company, Radio Department, 

is. I feel going to be a good one. I believe I 
will earn at least $4,000 this year." E. E. Win-
borne, 1414 W. 48th St., Norfolk, Va.:  "My 
earnings seldom fall under $100 • week. You 
give a man more for his money than anyone else." 

Get The Facts 
Mail the coupon for a copy of my book. There 

is no obligation. Read it. After you have done 
so you can decide one way or another. I believe 
I have something to offer everyone now in Radio 
or interested in getting in, that will prove profit-
able and interesting.  I want to show you what 
it is. 

J. E. Smith, President 

National Radio 
Institute, 

W ashington, D. C. 

J. E. SMITH, President, 
National Radio Institute, Dept. 0679, 
Washington, D. C. 
Dear Mr. Smith: Send me your book. I un. 

derstand this request does not obligate me and 
that no representative will call. 

Name 

Address 

City State 
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