
TELEPHONY BY CARRIER AND ONE SIDE BAND. 
By S. P. Chakravarli. 

Introduction. 

Up to the present time, commercial telephony has always been by 
one of the two following methods 

(a) transmission on a single side band ; 
(6) transmission on carrier and both side bands. 

Method (a) requires a supply of carrier current at the receiving end 
but has now been generally adopted because of the following advantages:— 

(1) Smaller line currents are employed; (2) the reproduction of speech 
is better (since the amplitude of the speech currents in the demodulator 
output circuit is proportional to the product of the amplitudes of the carrier 
current and that of the corresponding side band component); and (3) a band 
pass filter of much smaller width is necessary. 

A third method of transmission should be possible by the MC of carrier 
and one side band only. This method would have the following advantages :— 
(1) it is not necessary to supply the carrier current at the receiving end, as in 
method (a) ; and (2) the width of the filter need not be so large as in 
method (6). 

If f. be the carrier frequency and f t  and f2  the limiting frequencies of the 
speech band (1 1  about 200 cycles/sec., and f 2  about 2700 cycles/sec.), then the 
upper side band extends from f.± f i  to fo±12  and the lower side band from 
f.—f2  to fc — f'. Now a band pass filter passing alternating currents of 
frequencies fo  to f0 --f-f2  cycles/sec. should pass the carrier and the upper side 
band. Again at the receiving end, it might be possible for the alternating 
currents of frequency f e  and frequencies from f c--1-fi to f 0-1-42  to operate 
at any working point on the grid-voltage anode-current characteristic of the 
demodulator as if the carrier frequency and the side band existed separately. 
If such a filtration of the carrier and the upper side band from the lower 
side band and the separate existence of the carrier be possible, the third 
method of transmission could be obtained. This paper shows that a 
telephone system can be developed on the above lines. 

Theory. 

Consider, for simplicity, that a cattier frequency f. modulated by a 
single frequency 12  is to be transmitted. If a00 ---21710  and co2 =-2742, then, 
in the course of modulation by the anode choke method, frequencies f e+fg, 

f. and f0--12  are obtained. By means of a band pass filter, the frequencies 

fo  and f0-Ff2  are separated and passed over the line. At the receiver end, 
frequencies f. and 1.--1-12 are applied to the grid of the demodulator valve 
which is adjusted to operate on the lower parabolic portion of its 

characteristic, 
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Suppose 

A+Bvg-I-C1 	 (1) 

is the equation of the lower portion of the characteristic and the voltage v 
applied to the grid of the demodulator is represented by 

vg--Vet sin coet+V sin (coc±c02)t 	( 2 ) 

Substituting (2) in (1), we have 

i a= A-FBVe  sin wct+BV sin (coe -l-c02)t-FCA/ sin 2  wet-F0V2  sin2  (c00 -l-co2)t 

+2V,Ve sin wet.sin (co 0 k.o2)t. 

= A-I-BV, sin coct+BV sin (coe -Fc02)t-1409 (1—cos 2co ct)± 

1-CW[1—cos 2(.00+012)t}—CVeV[cos w2t+cos (2(0 0-i-co2)t1. 

Thus the plate current of the demodulator would have six frequencies 

le; fe+f2' 2fe ; 2(f.+12); f2; 2fe +19. 

All frequencies higher than f9 can be filtered off by a low pass filter leaving 
only f4. This is the audible frequency signal current which can thus be 
isolated and further amplified if necessary. 

If, instead of a single frequency f2, 
f t  to f4 is transmitted, it is evident that at 
the two side bands, from fe-Ff t  to f0 .-Ff2  
carrier frequency fa . By means of a band 
fe  to fc±f2, the carrier f e  and the upper 
passed over the line. 

a frequency band extending from 
the transmitting end there will be 
and from fe —f2  to fe —f t , and the 
pass filter passing frequencies from 
ide band fe d-ft to f0 -1-f2  would be 

Also, the plate current of the demodulator would have two single 
frequencies and four frequency bands as follows :— 

f0 ; band f+1  to fc+t); 2fc  ; band 2(fe+ft ) to 2fe -1-f2); band f t  to f2 ; 
band 21,-1-1 1  to 2fe-Fh. 

The higher frequencies and frequency bands would be filtered off by a 
low pass filter, giving the speech band 1 to h. 

Experimental. 

The transmitting and receiving circuits were designed for an overhead 
line having a characteristic impedance of 650 ohms. The complete circuit 
diagram is given in Fig. 1. The characteristics of filters are given in 
Figs. 2 and 3. As far as possible all circuit impedances were matched on the 
input and output sides. 

Speech Circuit :- This consists of a carbon microphone transmitter, a 
fodr-volt battery and a microphone transformer feeding into a two-stage 
transformer-coupled amplifier, having a uniform voltage amplification of 
about 120 in the voice range. The valves used were Mullard P.M. 3 
(R=13,000Q, pe=14) and Philips A. 409 (R=14,300.12, 



45 

Ca 

0 

a 

ch.) 

t:3 

I 
I 
I 

1 

1 

I 

I 

I 
I 

le  

:I 
vi 
:ja  

NI 

N 
* 

• ett 
as; 

—4 
Z 

ta. 

N 
0 	c. 
0 	c,.. 
T 

 wr ii)  

I: j 

J , 

44.) 
c•-4  t•-• 

1p-4 

Pe, 

s 

CC I IC 
CO 4.2 

4C • q "4  Q CD 
I-- 	 a ir_ 	 i-: 	 t i tii  r 1  N 	c.. 

	

v ..._ 	fas 	 is • 	 ..n 
-3C 	 go _c • • 	 IL 

	

'ell 14 liCIS9 	Z Z. 	a •• 	 =a. 	 so ci 
— 	- — - 	— — 	

ske 	_. ....?_ .. _ _  
NE 	 ca 	6  

	

LC lzb 	IA. 

	

et 	f 	. N 

	

-N. 	 N. 	 —a 	
in 	 • ... e4 ti 14,.• 

il LIMO. 	
I '"' 	i• 	—. 	1 eti  er. 

	

11.14:- 	1111111 .11-- 	I 	k 
e • 

 
14. 4 

 - 4. 

	

K Bosco. 	 I  .. 
 

4-11-- I 	. ; I. 	
Q. 

4 • 1 ITI 	H firosoo. 	 V 	a  4. t 	- nI 0 -• 	
a a 1 0 . .1 

a >: I 
T t; 1 

I 	et 
0 

a 	de... 
1 

a CL, 1 

. _ 
1 

1 

1 I  

-4-'1 L.... 	 L_ _ it- _ 	_ _ __I &a j  

N 	• -tr00011 IT021 a. 	 I 
 01 , 1  , 

I.,- 	 , 
6 I.: 	I 1  < 	 ... i ..• e 	 17tai I 	ted a 	 I 

OMB 44:1 	 . Q)  I I 	• 
I. 1 etl 	 I vs 

I c 1 	
ers-4 	t .i 	cz, < 

I .. i a. 

	

1 It) 	 0 • Lti >t 0 
lb 

	

' re- 	 co 1  e 
-1 I 1 	 In • 1 a -• 	-.) 

ep 1 

 

• is 

	

-- 1 : 	
--sr, 

•  
MO Nt 	 I 	I . 0 t 	1 

—1 - 	 I 	I :J. 	 -4 
El 5: 

i 	
-13 	

I 

1 
1 

1 
1 
t 
1 
1 

i 
1 
I 
t 
1 
I 
1 
1 

I 
I 

1 

I 
1 

I 
Is 

II. 

L 

I tit- 

s. 
t 	1 

I 

III  0 I  

1 
1 
1 
I 

i 1° 

301SE 	
art 

	

I 	i 
C 

	

I 	0 .i.J 
1 Iki 
I 
e 

1 
1 

i 

4,1 u 	4 	. 	 ..., 44  
a 	o S 

	

I 	 1 7:. in 
----.---- 

	

i 	a la 

	

   i 	e• x. ,.. 	III . 
6 ,... 

. 	• k , • 	 eL -- 

	

1 	. 

— 	 c-.....  
%a

1 	
.. 	i 	0 

- 	9. • ' 	 c1:1 

	

T 
Zi z; 	vIl 	

J 

et 	ts. 	cl 

 001  , i 	-- ------------. 
 

. 	. 
1. 

 ..- I' -Z - 
< I "s 

1 11  - s • I t" 
I 	L  ; 
tti C 
1 F  • 
I s 
citi; 
1 	• 3 ... 	..1 1- 

I lls, 
1  

1 	:Cs  
1 . -6  naell 
I a I I I i 	n I 	ra) 

I  * 	T I I r: 	Dm 	0111110--  - -111 1-1 
, 	.... a., 

tt ejs  
I 3 	 a 	. 
i 	Z 

 

I 	 , ... 
i 	 , 	 ..... _. 
L _ - - - _ 
	 _ - - - — - - 

• O c 	IM 0 	a_ 
-c 	co 

1:1 40.- 	••• ^•• 	1.--...-4.  
C1 10 	IIIII 
• - C 
UP 	44.-•  
Zit 

a Ta_ 

1 

• 
FE 	AntIAO 



46 

Modulator and Oscillator Unit :—A Mullard valve P.M. 254 (R=: 9 ,0000, 
ist=4.2) was used as the modulator. A negative bias of 24 V. was necessary 
for working it on the straight portion of the characteristic. The anode 
choke method of modulation was adopted. The oscillator valve was a Lissen 
P. 625 (R=2,500/2, 	7.5). The _ output of the oscillator was nearly p= 
constant over the frequency range used. 

Band Pass Filter :—The values of the elements were as follows:— 
C I = .0157 p.F; 02=.1307 p.F; and L2=700 	The total d.c. resistance 
of the coils was 3.8 ohms and the filter was designed to work between 
terminal impedances of 650 ohms. The output current frequency character- 
istic of the filter was nearly flat from 14 to 17 KG/see. with an output 
impedance of about 678 ohms. 

FIG. 2-- Output Current-Frequency Characteristic of the 
Band Pass Filter 
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Attenuator :—As the experiments were carried out in the laboratory, - 
the transmitting and receiving station being in different rooms, a pure 
resistance attenuator graduated in decibels and having a characteristic impe- 
dance of 600 ohms when terminated by a non-inductive resistance of 600 
ohms was used instead of the overhead line. An overhead lead, about 
30 yards long, was taken to the receiver end from the attenuator. On the 
receiving aide, the non-inductive shunt to the primary of the input transfor- 
mer was adjusted to 700 ohms to bring down the terminal impedance to 
about 600 ohms, to match the line impedance. 

Demodulator :-A Lissen valve L. 610 (R=8,00012, att=16) was used as 
the demodulator. A bias of about —6.0 V. was applied to the grid to bring 
the working point down to the parabolic portion. The low pass filter was 
connected across a 120 ohm tap on the anode resistance of this valve. 

Low Pass Filter :-The values of the elements were as - follows 
m11, 00=1.0p-F, and the filter was designed to have a surge impedance 
of 120 ohms. The total d.c. resistance of the coils was about 21 ohms, and 
the cut-off frequency was about 2700 cycles/sec. 
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FIG. 3 Output Current—Frequency Characteristic of the 
Low Pass Filter. 

Frequency in Cycles/Sec. 
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The ratio of amplifier input to low pass filter output was measured 
at different frequencies, with a carrier of 14.3 Re/see., filter input impedance 
of 650 ohms and an artificial line of 3 decibels. The results are shown in 
Fig. 4. Speech transmission over the same circuit gave clear reproduction. 

FIG. 4—Overall Transmission Characteristic of the System. 
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Conclusion. 

The experiments indicate that the carrier behaves in the demodulator as 
if it had a separate existence from the side band. The band pass filter 
passed the carrier frequency and the upper side band, and these two 
operated on the parabolic part of the demodulator grid-voltage anode-current 
characteristic to give the frequencies and frequency hands from which the 
speech band was isolated. No carrier was supplied at the receiving end, as 
none was necessary. 
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The possibility of a third method of telephonic transmission, namely by 
carrier and one side band, is thus established. The advantages claimed 
may be summed up as follows:— • 

(1) A supply of the carrier current at the receiving station is 
unnecessary. 

(2) The frequency band occupied is only half that required by the usual 
system with two side bands. 

(3) The carrier and the side band undergo the same atnount of phase 
change in passing through the filters, line apparatus, etc., so that the 
reproduced speech does not suffer from phase distortion as in the suppressed 
carrier method. This is of importance if transmission is to be over long 

A disadvantage is that the speech band cannot be amplified by supplying 
a carrier of large amplitude at the receiving station as in the suppressed 
carrier method, but has to be amplified by voice frequency amplifiers. 

Many thanks are due to Mr. S. B. Kantebet for his discussions with the 
author on the problem, and to Prof. F. N. Mowdawalla for his very keen 
interest and discussions during the progress of the work. 

Department of Electrical Technology, 
[Accepted, 23-3-32.] 
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