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INTRODUCTION

An amplitude modulated wave 1s defined as a wave form
in which the amplitude of a sinusoidal signal (carrier) is
varied in accordance with a modulating signal whose frequen-
cy is much lower than the frequency of the carrier signal.
Numerous devices have been found for generating an amplitude
modulated wave., In some modulators the amplitude of the
carrier is actually varied in accordance with the modulat-
ing signal. In other types of modulators the carrier and
the modulating signal are simultaneously applied to a non-
linear element.or circuit., The output of this non-linear
element 1s a distorted wave containing many freguencies. The
amplitude modulated wave is then obtalned by selecting those
particular frequency components needed to constitute an am-
plitude modulated wave, .

In this thesis, the possibility of obtaining an ampli-
tude modulated wave by a different method has been investi-
gated, Namely, the carrier signal is clipped with a modulat-
ing signal by employing the clipping action of a full-wave
diode clipper. The resulting clipped wave form closely re-
sembles an amplitude modulated wave. The close agreement
between the mathematical analysis of the wave form in ques=
tion and the experimental results substantiates the validity
of this method,
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SECTION I
REVIEW OF LITERATURE

1. MODULATION:

Modulation, as used in the technical sense, means to
vary some properties of a wave in some desired manner in
order to convey intelligence. The wave whose properties are
to be changed 1s called the carrier wave, and the wave which
causes this variation is termed the modulating signal. The
carrier is usually in the form of a single frequency sine
wave, The sources of the modulating signal are numerous,
depending on the particular application.

2a PRINCI?LES OF AMPLITUDE MODULATION:

Suppos=z that a wave form 1s given by the expression
e = ASm(wt + O) (1)
where (A) is the amplitude, w = 2nf 1is angular frequency,

t = time, and © 1s the phase angle. According to the defi-
nition for modulation stated above, the properties of the
wave expressed with equation (1) can be changed by varying
any one of the three quéntities A, w, or © in accordance
with the modulating signal. If © véries with the modulating
signal, the wave of the equation (1) is said to be phase modu=
lated. Variation of (w)with the modulating signal results 1n
frequency modulation, and variation of A with the modula-
ting signal is termed amplitude modulation. Amplitude modu-
lation is the most common and is the type considered in this
thesis, ,

Since expression (1) is a sine wave, it is apparent that
it (A) is varied in accordance with a sinusoidal modulating
signal, the amplitude, or the envelope, of expression (1)
should also vary sinusoidally resulting in figure (1). 1In
the usual case w 1s much larger than the angular frequency of
the modulating signal.
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Figure (1). Amplitude modulated wave

Let the single frequency carrier wave be given by the
expression

ez = Bz Sinwet (2)
and the modulating signal be given as

ey = Ey sinwst (3)
where

£z
)
1

Amplitude of carrlier voltage

L2
i

Amplitude of modulating voltage

wz = 2nfz, fg being the frequency of the carrier

wy = 2nf,, £y belng the frequency of the modulating
signal
t = time

m = %; modulation index,

From figure (1) it is seen that the expression for the
amplitude modulated wave willl be,

e = (Ez +# E, Sinw,t) Sinwst (4)
in which (Egz + E, Sinw,t) is the éinusoiﬁdlly varylng ampli-
tude, or envelope of the quantity Sinwzst, assuming We>Wr.

Rearranging equation (4)



e = Ex (1 + %; Sinw,t) Sinwst

=

e = Ez (1 + m Sinw,t) Sinwet

e = Ez Sinwzt + an Cos. (wWa = we) t + _an Cos (w+w,)t

(5)

Equation (5) consists of three terms: the unchanged
carrier, and the lower and upper side band terms respective-
ly. In most modulating devices the non-linearity present
developes other frequency components whose magnitudes are re-
duced to insignificance by tuned circuits,

In an amplitude modulated wave the intelligence or pro-
gram 1s entirely in the side bands, and no intelligence 1is
conveved by the carrier. From equation (5) it is seen that
the sole function of the carrier is to translate low fre-
quency intelligence into high frequences. In radio com-
munication, for instance, if the voice frequencies were im-
pressed on the transmitting antenna, a physically very large
antenna would be required since the dimensions of an an-
tenna must be of the same order of magnitudes as the wave-
length of the frequences to be radiated. For example, a
quarter-wave antenna for 1000 cycles would be about 46.5
miles long. Suppose that a transmitter could effectively
radlate the voilce frequences; Without modulation, all the
transmitters would have to operate over the same frequency
band, and 1t would not be possible to select the desired
station.

In wire comnunication the cost of transmission lines
is very high. By modulating different frequency carriers
with separate conversation many calls can be made simul-
taneously over the same palr of wlres.



(3) POWER DURING AMPLITUDE MODULATION

The power contained in a modulated wave 1s the sum of
the powers of the separate frequency components. Thus, if
there 18 no over modulation, the total power in the modu-
lated wave 1s greater than the power contained in the carrier
because of the presence of the side bands. If the total
power of an amplitude modulated wave is maintained in a re-
sistance R, the averaze power due to the carrier component

o R
is —%ﬁ—, and that due to each of the side-band components

2 2
is _mgga_. Therefore the total averdage power in the ideal
amplitude modulated wave is

P = Eg®? | mPEp® " m*Eg®

2R 8R 8R
2 2
P:gRL (1"'%-)

2
P = Po (1+'12£‘)

where

2
Py = E%— is the average power due to the carrier com-

ponent, or the power without modulation.

4, METHODS OF AMPLITUDE MODULATION

"Amplitude modulation may be produced by many methods
and devices. Those which have been used commonly are”

1. Absorbtion processes
a. Microphone in antenna system
be. White system
Ce Magnetic amplifier
2 Modulated class C amplifiler
a. Plate-modulated
be. grid-modulated
Ce Cathode-modulated
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Se Amplitude modulated oscillator.

4, Square-law processes:
. Nonlinear circult element
Bis Triode square-law modulator
c. Balanced square-law modulator,"

v —— . - ——————— - — - - ———— > - - - — - ——— . —-—— ——— . — . ———— - - —

%ﬂectronics Training Staff of the Cruft Laboratory, Elec-
tronic Circuits and Tubes, pp. 648, 1947.

At the present time, most amplitude modulation is
accomplished by a modulated class C amplifier, an amplitude-
modulated oscillator, or a square-law processes. As an ex-
ample, a grid-modulated Class C amplifier will be analysed.

B GRID-MODULATED CLASS C AMPLIFIER:
po—
6' 1 R.
®,
Ecc — E‘L
le— g —| L r

Figure (2). Basic circuit of a grid-mo-
dulated Class C amplifier

ez = Bz Cos wet, carrier signal
ey = E, Cos wi:t modulating signal.

Figure (2) shows the basic circuit of a grid-modulated
Class C amplifier. The output is controlled by varying the
grid-bias voltage in accordance with the modulating signal,
thereby obtaining amplitude modulation. The relative values
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of the voltages are such that at the crest of the modulation
cycle (i.e. when the grid 1s the least negative), the tube
operates under typical Class C amplifier conditions, with a
grid excitation that i1s not quite sufficient to give satura-
tion conditions resulting from positive grid potentials,

Reference to figure (2) shows that the total voltage in
the grid circuit 1s

ecc = ECc + By Cos wyt + Ez Cos wat
Figure (3a) shows the total voltage applied to the grid cir-
cult, and figure (3b) 1s the corresponding plate-cathode
voltage. ’ '

To obtain reasonably linear modulation the grid should
not be driven positive during the peaks of the modulating
signal. Driving the grid positive causes the grid to draw
current, which in turn, causes distortion due to lmpedwerdrop
in the driving source. On the other hand, driving the grid
slightly positive during the peaks of the modulation cycle
gives greater output power. Driving voltages in the grid
circuit should also have good voltage regulation for linear
modulation, Increasing the load resistance improves the
linearity of the dynamic characteristic curve of the ampli-
fier, thereby improving the linearity of the operation.

But increasing the load resistance decreases the power out-
put.

The efficiency of the grid-modulated Class C ampli-
fier varies during the modulation cycle. At the portion
of the negative half cyele of the modulating signal when the
effective grid-bias (i.e. d-c grid bias plus modulating sig-
ndi) drives the grid to cut off, the tube operates under Zypreal
Class C cohditiona with good efficiency. During the other
portions of the modulating signal, the instantaneous plate
voltage is quite high dubing theiime of plate-current flow,






.

resulting in increased plate loss., The over all eff ¢clen-
cy during the complete modulation cycle tends to be in the
neighborhood of 50 per cent. Hence, the output of a grid-
modulated Class C amplifier is less than the output of an
unmodulated Class C amplifier.

The main advantage of a grid-modulated Class C ampli-
fier is that i1t requires a small driving power..

6. DISTORTION:

If the equation for the envelope of an amplitude mo-
dulated wave does not contaln the various frequency com-
ponents present in the original intelligence in thelr cor-
rect relative magnitudes and phases the modulated wave 1s
saild to be distorted.,

If the enivelope equation contains frequences that
are not present in the origiwal. intelligence, this distor-
tion 1s known as nonlinear or amplitude distortion. The
amplitude distortion caused by the nonlinear characteris-
tics of the tube is not serious, since all the harmonics
generated, other than the désired ones, can be minimized
by .. appropriate filter circults.

Frequency distortion exists when the ratio of the out-
put to input voltage varlies as the frequency of the input
signal varies, This is caused by the circult impedances
which vary with frequency.

- Phase shift 1s sald to be introduced when the rela-
tive phases of the various frequency components of the in-
put are different at the output. It must be emphasized that
if the phases of various frequency components are shifted by
the same amount at the output no phase distortion is intro-
duced. In the wacuum tube amplifiers the time delay 1s in-
troduced by the reactances at low and high frequences., Al=-
so, at high frequenciks, additional time delay 1is caused by
the transit time of the electrons in the tube.
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SECTION 11
THEORETICAL STUDY OF THE CLIPPER
AMPLITUDE MODULATOR
1. INTRODUCTION:

In the preceeding section the principles of ampli-
tude modulation were discussed briefly. In this section
the possibility of obtaining an amplitude modulated wave by
the clipping action of diodes will be discussed.

1ot

:a

— [

Figure (4), Diode clipper circuit, for
clipping positive peaks.

Figure (4) shows one form of a diode clipper circuit.
(B) is the d-c bias voltage on the diode, placed as .shown.
The resistor (R) has a value higher than the low internal
resistance presented by the diode while conducting. The
load impedance across the output terminals is high in com-
varison with (R) so that the load does not draw appreciable
current when the tube 1s conducting. If the input is a si-
nusoldal voltage having an amplitude greater than (B), the
diode of figure (4) can not conduct until . the potential
on the piate exceeds (B). For all negative values of input
voltage, and for all positive values of input smaller than
(B), the plate will be at a Lower potential than tne ca-
thode., Under this condition, the diode presents an open
circuit and hence the output potential accuratly repro-
duces all the variations of input potential, until the
input voltage rises above the blas voltage. At this point,
the plate is at a higher potential than the cathode and
therefore the tube starts conducting. During the conduction
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period the diode has a very low internal impedance, This
arrangement produces the voltage output wave as shown in
figure (4), The positive half cycle is clipped at a vole
tage approximately equal to (B),

o— W\ —0

n,

O
v

Figure (5)., Diode clipper circuit , for
clipping negative peaks.

If the connection of figure (4) i1s slightly changed
as in figure (5), the tube will conduct only during the
period when the cathode is more negative thanthe plate,
giving the output wave form that has its negative half
cycles clipped at the negative level (B),as indicated
in figure (5).

If figures (4) and (5) are combined as in figure (6),
the input sine wave will have both its posrtive and nega-
tive peaks clipped at the output.

- - ' "
ﬂv B*_TP i gﬂg?

+

Figure (6). Diode clipper circult, for
clipping both negative and posstive peaks,
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In figure (6) the tubes are biased with equal mag-
nitude supplies, so that positive and negative clipping
levels of the output wave are equal.

2, CLIFPER AMPLITUDE MODULATOR:

In connection with the diode clipper circults it has
been mentioned that the clipping level of a wave is solely
dependent on and 1s almost equal to the magnitude of the
bias voltage (Z). This suggests that if the blas voltage
is varied with time, the clipping level will also vary
accordingly., Therefore, if a sinusoidal voltage is superes
imposed on the dec blas of figure (6), the clipping level

of the output wave form will also vary sinusoidally about
(B).

o | :
I

9T 1 |

E —»te— 6,

Modglah'ng Signal

Figure (7). Clipper amplitude
modulator.

ez = Eg Sinwet , input carrier voltage.

El Sinwlt , time -« varying bias or modulating
signal, as appears on the secodary
of the audio transformer,

B = dec blas voltage.

C = Byepass condensers for the carrier signal.

The circuit of figure (7) explains the way of obtaining
a timesvarying bias and it is the circult used for the clip=~
per amplitude modulator — the subject of this thesis., The
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modulating signal is placed in series with the d-c bias
voltages through a center«tapped audio transformer, making
the total blas on the first tube +(B + e,), and, -(B + e
on the second. The capacltance C has a value such as to
provide a low impedance path to carrier frequency, thereby
isolating the modulation source from the carrier voltage,

The highfrequency sinusoldal carrier wave 1s applied to the
input terminals as in figure (7). Because of the sinusoidally
varying bias voltages on the dlodes, the carrier will be
clipped with a sinusoldal envelope. The output wave form
will be as shown in figure (8).

1)

A
e
e R - ” % -
i i | ! i fpr it s
R il oo T NG S A T R SR
i ﬂ H" : 4% TE3 - di ﬂ "ﬁ.. .

IS : Do P R .-
L X T S . -t -;-',_—--.l.-.. - e wmen > e = clew]lr cecdemdee - - -
e Y H4 ] T

>

w N 0
1:
|

:j
Emy
N

ERR G RN

Figure (8). Sinusoidally clipped
carrier signal.
Where
(A) = amplitude of the carrier signal as
measured between the resistance R and
the first dilode in figure (7) with the
diodes removed,

Figure (8) somewhat resembles an amplitude modulated
wave, However, an equation for this wave must be found in
order to see if it contains the frequency components that
constitute an amplitude modulated wave.
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3. MATHEMATICAL ANALYSIS OF A SINUSOIDALLY CLIPPED
SINE WAVE:

The main task 1s to analyse the wave form of figure
(8) mathematically and show that it is an amplitude mo-
dulated wave, In other words, the frequency components
that costitute the wave form of figure (8) are to be
found. The method of attack to analyse this wave wilill be
as follows: First, suppose that the high frequency sine
wave (carrier) 1s clipped at the constant level (B) on
both sides of (wt)-axis. This gives a periodic function
as in figure (9). By expressing the curve of figure (9)
mathematically and replacing (B) by (B+E, Sinwt) in the
expression of figure (9) an equdtion for figure (8) is
obtained,

Let wt = x,and wt = x,. Also assume that x,> x,
and |B+E|<A .

ooy

>

. Y S
.
s

B |- ‘.

- R————

\ 7/
3 /
~ 4
P | R SR 4

Figure (9). Sinusoidal carrier clipped
at the constant level (B).

In general, the Fourier Series is given by the ex-
pression

f(x) = “%— + :Ei( a, Cosnx + b, Sinnx )

Moy



o
]

n =

However if the origin is chosen as in figure (9),

according
of figure

—{7’ f(x) dax
jf(x) Cosnx dx

7

,Jr;‘ f(x) Sinnx dx

AN AH A

Any positive integer

to the principles
(9) 1s sald to be

particular case the Fourler

form
Tx)
where, in

by

i

n

]

From
T(x)
T(x)

T(x)

When
or

= Sibn Sinnx dx

=y

equation (7)

% irf(x) Sinnx dx

=15~

of Fourler Seriles, the curve

an odd function.
expression reduces to the

Any positive odd integer

figure (9)

= A Sinx for O4«x<«a

= A Sinx for (m-a)<x<mw

Xx=a , A Sinx = B

x = a = Arc Sin(%)

B for a<x <(m-a)

When n = I , from equation (8)

a
b= 2 J(A sinx) sinx ax + 2 [ B sinx ax

r-a

(7)

(8)

For this

+ 2 f(a 8inx) sinx ax

w

a
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_ Q T—a m
A Si 2 S
b.=%-[§-—%4 n—[COBX ] + 242 “3‘%&2“]
o a M-a
gg _ - __a _;__Ln:a%]
w

b = % ( Aa — %Sin2a + 2B Cosa)

(9)

Substituting the values of (a), Sin2a , and Cosa

appendix A,

b= 2 ( A ArcsinE + B £A=E")

When n>I , from equation (8)
-a

(10)

bn::%fASi.nxS:lnnxdxo-fBSinnxdx
+ f A Sinx Sinnx dx
a-a
- B é X S
b, == [ Sinx(I-n) Ten Sinx(Ifn)]

-— —[Cosnx

'bn = %[m Sina(I-n)

A

i

-[ Sinx(Ien)— I+n51nx( I+n?

mT-q

- m Sina(I+n)

B B
= Cosn(n=a) + - Cosna

4-(— m) Sin(nea)(I-n)
- -2-(-%3)- Sin(I#n)(ﬂ—a)]

Since (n) is any positive odd integer,

b, = % [5-(-%75) Sina(I-n) — 5(%:5) Sina(I+n)

2B

o Cosa + -2—(%) Sin(nea)(I-n)
Py Sin(m-.a.)(I-rn)] (11)
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For n =3

Ty 5= % ( % Sin2a —'% Sinka + %5 Cos3a + f Sin2a
-%Sinha )

by = % ( % Sin2a - % Sinka + §§ Cos3a )

Substituting the values of Sin2a, Sin4a, and Cos3a
from appendix A and simplifying,

by = (48 - 4B ATE (12)

3n 3A w
For n = 5 from equation (II)
2

b5=1-‘7$[% Sin4a — %5- Sin6a + -25-5- Cos5a — % Sin(4n-4a)
%é- Sin(6rf~6a)]
b5 = % ( % Sinda — % Sinfa + %g Cos5a )

Substituting the values of Sin4a, Sin6a, and Cos5a
from appendix A and simplifying,

_ 2 (2B _ 22B® _ I6B° , /A®-B® (13)
by =5 (£ TeA% * Tear ) T A

Therefore, from equations (7), (8), (I0), (I2), and
(13)

£(x) =(—— Arc Sinr +3; 74 ‘B ) Sinx
S
3ﬂ %%g— ) Sin3x
_ 44B% /ggng
Sn IBA n Y Sin5x
Cd e . L ) (I4)

- - - s -

It 1s desirable to develop some neans of checking
for possible mistakes made in deriving equation (I4).
If the quantity (A) approaches infinity, figure (9) redu-
ces to the form of a square wave clipped at the level (B)
on both sides of x-axis. Taking the limit of f(x) as (A)
approaches infinity equation (I4) reduces to the form
identical to that obtalned from a square wave by similar
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analysis.

First, express equation (I4) in the following fashion
and replace Arc Sin% by its equivalent series form.

3 5
f(x)z %é(‘i".'gi-g"'z%ﬁr’.oo)ﬂ,%a I- Eg Sinx

B )

3 5
s (22— %ﬁ,,*-}-%) /1- B2 sinsx +.....
a 5 . B
kj:lno‘[f(x)]z LiIHZ_('e—'-k 1B1'— 4 -67?— *ooot 2— "_ AQ)Sinx

BZ..

3 5 ==

Which reduces to

4B B B
Lin. [f(x)] Sinx + -‘3*-,; Bin3x + 55*,—, SINSX + oo

This 1s seen to be 1dentical with the Fourier expans
sion of a square wave, ( See appendix E )

To get an expression for figure (8), every quantity
(B) appearing in equation (I4) must be replaced by
( B + E Sinx, ) as suggested on page (/4).

The first term of equation (I4) becomes

b.—zAArc31n§+-2§/I-§

A*tT A®
stituting the series forms for Arc Sind and
- ¢ —'§3 as glven 1in appendix « B,

II

B® . 382 .58 . 3587 _ 63B
b, = % A ( % *6a° * hon* I1ox * T1is5047* 281I8A“
, 23IB°  Ia3BT )
133104° ¥ T0240a°* *°°°

; I2
+ B ( I- gzg A 8 A’ 9 2/a A=

_ :13_1"_ |
2/[ A/‘ L 2K N I J



1.

b.=%(B+-:g—§3+}—B—5—E+5-BZ—?+}5B_9_E*QiBII

40oa%  1128% 115048  28164%°
. 23IB1D . 143870 |
13312472  To240Al%
BS _ B> _B' B2 Bt
o Do - - -
2A%  8aF 1640 128A° 2B 410
- 21253__ - BT> - )
10 12 ~ II 14
b2 (25-B B _ B _ 58 _ 78I
=
" 82 20a% 564 57648  1408aT0
o113 11812

S ———— | | e e e

14 o000 oo o000 )

I2
6656A 5I20A (15)

In equation (I5) replace (B) by ( B + E, 8inx, ) where
(E,Sinx) is the modulating signal. The expanded form of
the quantity ( B + E, Sinx, ) 1s given in appendix C.

From equation (I5) and appendix C,

b' = -21; [ 2 (B+E, Sinx) — 3{1 (B®+ 3B®E, Sinx#3BE? Sin®x,
| - +E2 Sin®x)

-~

- ‘l‘Z (B2 + 5B™E, Sinx,+ IOB®E? Sin®x,

EDA + TOB®E® Sin®x,+ SBE! Sin''x,

- - + E2 Sin°x)

- L (874 78%E, Sinx, + 2IB°E? sinsx.4
564 +35BYE® 8in®x, + 35B°EY Sin''x,
+2IB®E? Sin®x,+ TBE? s1n®x,

+ ET Sin7x,)

- —25 (8% 9B%E, Sinx, + 36B7E? Sin®x,
5764 848PE® sin®x, + I26BYE’ Sin’'x,
+ I26B*ED 81ndx, + 84B°EC s1n°x,
36B2E/ Sin7x,+ 9BE§ Sinsx,

+ E sin’x, )



- —L— (84 1181, s1nx, + 5589E%s1n®x,
1408410 8 74 4
+ I65B"E® Sin®x, + 330B'E,” 8in 'x,

+ 462B°E? sindx, + 462B°ECs11nCx,

+ 330BE! 8in'x, + I65B°ES 31n8x,

I0

+ 55B‘E9 Sin?x,+ IIBE, sinT x,

IT II
x, )

+ E;” Sin

- gggﬁ“iﬁ'(313 + 138K, s1inx, + 78BT1E® sin®x,
56A
+ 28681088 sin®x,+ 7ISBYEY sin’x,

+ 12878%ED s1ndx, + I716B7EC s1nfx,

+ I7I6BPEY sin'x, + I287B°E° s1n®x,
+ TI5B7EY 81n%x, + 286B°ETC s1nT°

Sin™ Tx,
II II , + I3BEI2 I2

+ T8B2E;~ Sin 8in~“x,

+ EF3 Sin13x,)‘

.0....‘......0......‘0.....0....‘.]

a 5 T 9 II
p' = 2 |(2B - £ - B - 2B B” _ _TB __
v [- 3a®  20a% 56A° 576a°  1408a%°
_ 21813
P
(o}
B® B B B B
+(2 - B - B _ - -
L ga0  64a8 128AIg
2

_ _2IB

512412 °°

soses)

JESinx,




21l

4
- (3 - —EE + 553 + ;Q5§TB *2113__ os . )E3S1n°x,
8A I28A 256A
5 5 7 9
- ( BZ 8 20 Bo —liB— eoce )Ef* Sinz*x,
4A 32A 64A SIEA
- 4 ?o 0 B + oo o) E?Sinsx'
20A 32A 64A SIQA

- (B, 3%, IATBS _215._ # veees)ES 51n%x,

848 * 4848 © 6uaT0 * 18aT2
- + —952—— —21——— $ eees)El Sin7x,
56A 6A 64A I28A
3
—_— ( 5B__§ _05.5'__ ZQIQB_. + ....)E'8 Sj_nax'
64A 128A 5I2A
- ( 2L-IE _-55& 4 ..ooo)Elg Singxl

576A I28A SI2A

s
- -Ig-fa + 21;§f— * eeees )ETO Sinon,
I28A 256A

2
- ( -L—-_ * —62% + oooooo)EgII Sj.nIIx,

1408aT°  256a

12 I2

s ( .._2_.12._—. Sin X,

*...............)E
512412

— .............................'] (16)

Let ae , & , a5, etc..o be the corresponding
constant terms of equation (I6). Therefore,



T

+ a, Sinx + a, Sin®x, + 8 Sin®x, + ay, Sin4x,
+ ag Sinsx,+ 2g Sin6X,+ an Sin7x‘+ ag Sinsx,

+ 8, Sin?x.+ ato SinIOx,+ ary SinIIx\

12
+8.12 Sin x,+ @ © ® 0000000000 000

(I7)

Substituting the trigonometric identities for the
sine terms from appendix D,

b' = ae + a,Sinx, + a, ( % —'% Cos2x)
+ ag 2 Sinx,— 3 5in3x)

+ a, ( g - % Cos2x, + % Cos4x, )

+ ag ( g Sinx, — %3 Sin3x, + %3 Sin5x, )

+ ag ( %g —'%g Cos2x, + %g Cos4x, — %5 Cosbx,)
+ ag ( 22 Sinx, - 21 sin3x,+ &g sinsx,
- %ﬂ 8inT7x, )

- ng Cosbx, + —lg Cos8x%, )

+ ig% ( 63 8inx, - 42 Bin3x, + I8 Sin5x,

+ ag ( %gg - %gg Co§2x'+‘5%% Coslx,
12

-% Sin7x,+‘% Sin9x, )

+ ;%% (63 - I05 Cos2x,+ 60 Cosi4x, - gicoséx,

#.5 OosBx, = % CosIOx, )

%11 Sinx, - 330 Sin3x,+ 165 5in5x
+ Toon ( 462 '

- 55 SinT7x,+ 11 Sin9x, - Sinllx, )

%

( 462 = T92 Cos2x, + 495 Cosix,
- 220Co86x, + 66Cos8x, - 12C0810x, +Cosl2x,

+................................

-+



P

a. 3a 5a 35a 63 462
e ,__& g o 15
2 ¥ 6 + 256 + 204 + ooo)

+( a —;:1 %5 _gi‘l 63& + i_g;;_i_ # «oes).81inx,
—( ;g t# ;& ;2a6 128 ¥ igéglg “gégl‘ ++.)Cos2x,
~ ;:14_5_25,,2:; +i—2§2 %;?l»f veesss) Sindx,
Tz ‘"g‘ —ggl— g%;glg + ceeee) CoBix,

28ag
§-+
a Ta,
+(_§"'6 +].2j?9——+—jl+.......'....) Sln5x|

1024

+(

> * 138 * 513 SORE — * eeececees ..) Cosbx,
—{ g% * g;% + ;g;%l # eeeicacecsenans vuewon) BINTE
+( ;%g + gg%g + gg;%z ¥ eeescecscessanens ..) Cos8x,
*( ;%3 + 12241 B pammnmns e nns mne i mad ) Sin9x,

0
={ ;%5 + SGEE" * cccccccccrscsscccsiscaness) Co8lOX,

Let Co , Cl . 02, etceese be the respective constant
terms of equation (18). Then,

b = Co + C,Sinx+ O, Cos2x, + 03 Sin3x, + C, Cos4x,

+ C; Sin5x, + Cg Cosbx, + C7 8in7x, + Cg Cos8x,

5

+ 09

CoslOx, + C Sinllx, + ¢c.o

(19)

Sin9x, + C

10 11



The first term, e

i » for a sinusoidally clipped

sine wave becomes, from equations (14) and (19),

81 ‘= b, Sinxe

ei Ce Sinxe +

I

+

+

or

ei = Co Sinxe +

where
X, = wlt = 2ﬂflt

xz2 = wet = 2nfat

The constants Coe

C, Sinx, Sinxs + C2 Sinxez Cos2x,

1

C3 Sin3x, Sinxe + C,Cosix, Sinxe

Cg 5in5x, Sinxe + Og Cosbx, Sinxz
C- SinTx, Sinxe + Cg Cos8x, Sinxe
09 Sinox, Sinxs + ClO CoslOx, Sinxe

® ® & ® ®0 00000 060000 B OO

(20)

Cos(xg=~ xl) - Cos(xz + xl)
Sin(xa—le) + Sin(xz +2x1)

Cos(xe- 3x) « Cos(xs + 3x;)

thnnJDMquuLp

Sin(xeg=- 4xl) + Sin(xs + 4xl)

® ® 50000000000 000 060 0 0o

(21)

» fl being the frequency of the
modulating signal

s Tz belng the frequency of the
carrier signal

’ C1 s C2 , etceoe have the dimene

sions in volts as seen from equations (16) and (18).
This point will be more clear when Ce , Cl s C2 , etcees
are expressed in terms of the known quantities (A), (B),
and (El) in the following pages. Also,expressions (20)



-25-

or (21) clearly shows that ( e ) is an amplitude mo-
dulated wave, ( Co Sinxz) being the carrier signal of
this modulated wave.

The constants Co , Cl', Cz , etcees can be expres-
sed in terms of the known quantities (A), (B), and (El).
From equation (18),

as 3a, 5a. 35 63 462
_ L 32 2% _? _%o bider -}
Co=ao +3-+g +3g +128 *3 + 3048

+ ® & ® ¢ 0 0 0o

Substituting for as , &y , as , etc.., from equation (16)

s 5 7 9 11
c _z[(gB_g___@___B B __IB
= %7 5628 57648 140840

A A® =304
9

115587 )E4

+ +.....
512A?2 1

7

( &L—".oo)

"1 848 © 48a g 128412 !

5
- 25 _ ( 5__§ lgﬁﬁi_ 4 2079B- veesd) 8
128 * 5428 7 120840  510al2 !

63 231B°_ y£l0
ol * * ® O e ® 0 00 O e 00
1283;0 256AL2 E%

R (BE ol

® © 0 ® © ©© © 00O 0O 0 060 00O OO O OO OO OO SO s “.]
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Rearranging,
4

. 4B B2 B g6 g3
Co == (1 - - - - 5____5
" 6A®  xoat 1124° 11504

- - wal

341641° 13312412

B 5 4 6 8
- (14 & +3£-+5—?B +}5——5B
mA® 2A%2 ga’ 16A 128A
10
-rézB—fa¢ .
2564
4 6 8
4 s 35B 105B 1155B
—lE-'_BT (1 + 5B— + 1‘.-_ + 6 + 8 + S
16TA oA% 8A 16A 128A
4 6
6 = 1l47B" 693B
- EB (1 +}.§§+ 4 + 6 + ooooooooo)
64mA 6A® 8a 16A
_ 175ESEB (1 + 10SB% | 20798 | )
4096 mA 10A®  soa”t
_ammOB 0 0 33BT )
16384 A’ 9A®
e ® © ® © O O O T O OO OO OO O (22)
Similarly
3 5a 35 63 4623”
Cy==8q * 223 *“55 "EE:Z ¥ TE%E +* 3025 t* eccee
4 6 8 10
4E B® _B B B
C.= 22 (1 — &= - - - -
1= 2a® 4a% 1640 12848 25640
_ 2182 _ y
1024
_ E (.38, 158", 358 3isE®
omA® oa® 8a*  16a°  128a
10
‘.’éﬂB_—* o.ooooo)



_ B, 158°, 1758t | 7388° | 630588, |
16ma™ 2a®  8a 16a° 1284
6
——L——g (1 + 35B°, 135—— B ... )
256TA 242 8A 16A
- 3BED __ (; , 638°, 2079B" , )
4096MA 2A" 8A

- ® ® 0O 0 O O ° 60 00O 000 0O 9O OO e o (23)

az a 15a 56a 105
G = = & =+ 24 S __3319 ___;12 *oeee)

EZB B4
Ce = * * 0000)
AR 8A f—'g f—-g 256A1°
4 2
E'B 5B B 10 1558
+ ==p (1 + + 12;— + ——52— 1—553— # cececess)
LA 2A% ' 128A
6
2
‘% 1*m & +...........0..)
128nA 6A% 8A 16A
L
ziE_LBT(l* O B +o..00.oooo ooooooo 0)
5121A 101\2 40A
(0) 2
*Dﬁ%(l’iB*.‘... 00000 ® & © ® & o 0 0 o o 0 0 0 0 0 ,
16384nA oA®

" ® ®© © ®@ 0 © 0000 05O 00O SO 00 OO0 00 e (24)

Ca = — a? E%ﬁ gﬁ 42& ‘:2—2;‘14'........-..)

Caz—E-‘i—l‘P}—B—g' l%‘ 35—3 "9}—'—-*..)

6mA®R 2AR 16A! 128A 256 al®
5 2
E 15B 1ZEB 115 :25
+ (1 +* "'ooooo)
32nx4 24A% 16A 1284

6

3“*—-—3 (1 + 35B% , 1153 8218 PR |
1280mA DA® sa’ 16A



(

(
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4

5559_§ (1 + €38°, 29%93— STV P PP

6144mA OA® 8A
e R R Rd B REE A e (25)

a, 3ag 289.& 60: 4953g
T.’.R—-{nlze #-25%9*‘2048 *.ooooooo-..)

_.___EEAB (1+ﬁ+§§ﬁ+%§+m%§+......)

16mA 2A% 16A 1284

3EB. (; , 35B% , lazEt  s93° L ..
64mA 64" 8A 16A
ﬁ.E;BE_g(lq.lgiB—a--p&'%Eih....... ......... )
1024mwA 10A® 40A

1558° B () ,33B% L e ceer)
16384nat® 9A®

SR AE TR IANFE RS S B RE (26)

a ¥ { 18 165
—l-g-o- g;z + 1—2§ + 1“65%1 + ..................)
—E o, 10, LE mag  S3sg,

160mA 2A% 16A 128A

v 4 2 4 6
BE B B 48
—ﬁ(l+%+ﬁ%—-*g%—-+.....'...)

_5‘r;?__§(1+§3§:,2_979_13_“

1280nA

*..‘..‘Q.'...O....)

2048nA 2A%® 8A4

0 SRR DG (27)
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a.- 8a 45 220
6 . 8 0, %2
32+128+512 4’2048 ‘f.ooooooo-.-ooo-o-)

6 4 6
E’B 35B% 147B 693B
E (l+ " + ) + .00.0...00000)
128%A 6A®R 8A9 16A

D

. SECH (1 » 1OSB? 2079BY
¥ I

512mA 10A® LOA
10
+-2£+ELB—(1+E*.........Q...............)
30768wALC OA®R
* ® @ ® ® O 0 0 0 0o ® ® & & ¢ & 0 0 0 0 L ] (28)

= { g% - ;;% + ;g;%l e

T 2 4 6
E 35B ZQEB 4851B
(l‘* + 4 *0..00.0.0.00)
89601A 24% 8A 16A

o .z 4
5E7 638 079B
* (l* "‘ *....Ol...........)
8192 wA 2A% 8A
+ ® 09 6 ©® 00" 00 9 00 0 00 00 r (29)

8 66
( ;%g + 5%%9 + 55;%2 B o B
- L0 2Bt )

4096MA 10A%
"'152]‘._0!1__-‘ (1 *ma-" .o-oooooooo.ooooooooooo)
16384ma° 9A®
- ee0ecos00 000000000 (30\)
11 )
( 2564'1024 ¥ ececoccocccescccecsccccocscoe R
5EJ 63B% go%ga4
e ! (1 4--'1_-’ + 0000000000000000)
2A® 8A

73828nA

. (31)
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Comparing equation (23) with (31), it is seen that
CQ<<01 o Therefore the evaluation of further constants
is not necessary, .

Inspection of the expressions (22) through (31)
shows that Co , Cl s C2 , etceo. have the dimensions
in volts, as expected.

If El = 0 , there is no modulation, For this case,
from equations (22) through (31),

c1=08= 03 Seececccsoccoeoe c =0

n

3 5 9
Co =& ( 2B — B— - B - s
T 342  o0A” 6A 5764 1408

_asd
6656AL2

which is identical with equation (15), for the unmodu=-
lated case,

If (A) approaches infinity, the high frequency wave,
or the carrier signal, becomes a square wave,

Letting(A) approach infinity,

4B

Ce ~

AE,
1 w

c

CB-_—'CS-: 04= Onoo.oooooocnzo

and the formula (20), the first term of the expression
for figure (9), becomes
v _ 4B AE
el = po Sinxs + ™ Sinxl Sinxg
This is the same expression obtalned 1f the carrier sige
nal were assumed to be a square wave, ( See appendix E )
For the case E1 = 0 and B = A the carrier signal
is not changed.



=] =

CQ = Ca = oooooooooooo--cn =0

PO

4 6 8 10
4B 2 B B B
Co= 4B (1 —B. _E . _ - 5B _IB
cTm 6A%  L4OA 1124° 1152 3416a%°
- Zlﬁia___ )

13312412 T

Letting B = A

_ 4A ek L2 5 T
Co = 7 (1 % 20 ~ 112 T 1152 T 3416
- —2i_ )
Co = %ﬁ (1 < .1668 « .025 « .00898 = .O00433
- o00205 = ,001578 @ cevo..)
Co = ﬁé (1 .208738 )
44
Co = 7= ( o791 )
Coe = A

Therefore equation (20) reduces to

ei = A Sinxe , as expected,
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The second term of equation (14) can be expanded
as was the first term. From equation (14),

= .Z_LE_ = 4B° YA =B~
bs = (33— 3357 ) A
4B

5n (1 - %; ) /1= %’

o
(]
]

4B _ B2
bs = 33 (1 i)

- ¥ 8 ’Il
Substituting the series form of ( 1 *-%w ) from appene
dix B

4 6 8 10
4B 3B® B , B B
bs=3=(1~— + 2——3— 0'—5—3 + 1——8 + 28——-
3n 29A 2*al T T8 7 58,10

X 2A%
12 14
* lo 12" fl 14*..0'00000)
2=-"A 27TA
11
4 _ 3B® 3R B’ B° pll
bPs=5=( B = + 1———3 - + :—"E + 13——-
~ 24° 2% A 2%aB  2Ta8 T 2BA10
~13 15
B B
*210A12*§].—]-&A_]_-E" .000.0000)

(32)

Replace (B) by ( B + E; Sinx; ) in order to introduce
the sine variation of the envelope as explained on
page (14). The expanded form of ( B + E, Sinx, Pis
listed in appendix C for different values of (n).
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= %;[’( B + E; Sinx) )

S T BS + 3B®E, si + 3BE® Sin®x, + E2 Sin®x.)
aF E Pinxy 1 X+ E 1

5
+ ;3;; ( B? + 5B El Sinx, + 1053E{ Sin®x,
+ 1eBBE1 Sin® o+ 5BE1 sin® X, + E% 31n5x1)

1 (f S5pe. .
+ ;EIE ( B' + 78° E, Sinx; + 21B E® 81n®x,

4

+ 35B"E? sin®x, + 3533E§ 51n4x1 + 21B°ED Sin°x,

-~

+ 7BES Sin%x + EY 8in'x )

9 8 7
+ ;$;§ ( B + 9B E, Sinx; + 36B 'E=2 Sin'xl

+ 84B6Ef S1n®x, + 126B°E, sin* Xy
+ 12634E§ 31n5x1 + 84B°E; Sin®x;
+* 36B‘EI Sin X, * 9BE$ Sin.sx1 + Eg Singxl)

+ =15 ( B'' + 118'%, sinx; + 55B7E sin®x

2°a
8 31nfx1 + 33057Ef Shn Yo

+ 165B 1

6 6

+ 462B Sin5x1 + 46235Ef s1n°x;

4 8

Sin7x1 + 165B3E1 51n3x1

I—F'L] l-Pj\.ﬂ vl-Frl»

+ 330B

O

+ ESB"‘E1 sin’ X, + llBEg_'o sinlt x

+ E%181n11x1 )



Y

7 13 12 11 5. ar.
+ 210A12 ( B + 13B E.L Sinxl + 78B~A E{ 81n8x1
+ 28631°Ef Sin®x; + 715B9Ei 51n4xl
+ 128738E§ S8in"x, + 1716BES Sin6x1
+ 171636EI SinTx + 1287B5E$ s1n8x1
+ 715B4E§ Sin9x1 + 286B3E%° 51n;°x1
+ 7813’352:{1 sinlx, + 133&12 smlle
+2%3 Si.nl3x:L )
+ ..................‘..........Q]
bs = 2—|( B - 2B- 4 2B, +3—§+15—-—
3w oAt | peal T oE6 T T8 T 58,10
- 13 )
+ * ® 9 0o 0o e 00 0o
210,12
4 6 8 10
B2 158 2
+ (1 -28- 4 4-:%—34-—@34-;%&—
2a® 9% T a0 T oTp8 7 8,10
- 12
*i%.%;ﬁ* «eo)E Sinx,
oA 23p% %20 7 STy 28410
5 5&6211 ) 2 si 2
510,12 + .. )Ey Sin"xy
0B® B*  2508° B8
+ (= ==y 208, iz * - o)

oa® oAt T %0 T o788 T 28,
i 002810

20028 s s
+ 210A12 + ooo)%’: Sin-xl



+

+

+
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9
L e, el o

R 4
+ 000.) El Sin xl

6 8
—2— - 2 B> ., ~126B s462B° 7. 1287B
T oE * 8,10 * ,Io, 12

O

MR

5 5
+* oooooo’El Sin xl

. 8453 . 462B° 1.;@537

+
aTal 810  * JIo,12
+ ooo.o) E16 Sln6x1
4 B6

6BB ° 0. -
(g + 23 + 0%+ G ieE

( QZB
(35

( 55 +
(—g-—

( io lzB

210A12

27,8 oCa 210,

+ .....) E;.z Sin7xl

« 165B° _ 7T+ 1287B° 8
}'5"1_05_ 10,12 ""“)E‘? Sin"xy

E ""' I Ti5E" )EZ sin®
10A12 4+ ece0ooe El )Cl
Te 28B° 10 10
510, 1a- * )El Sin™"x,

SBB 1 11
+ lOAlQ +.oo.0.o.0000000)% Sin xl

P esresrrpeeEsREsnsEas] Eiz 81n12x1

....'....................';
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Rearranging,
. 4 6 8 10
4B 3B% B B B B
bs=+3- (1~ +z'—5+ -f-}——g-f}-g———
bl 2% 8AT 1640  2Ta8 7 58,10
12
B
+ "2%5213 + eee)
4 6 8 10
AE, 9B* . 15B ; 2
+ = (1- *_%_*1&.8,,_1%*122_
>n 2A®  8A 164°  27Ta8 = 8,10
12
91B —
+ 210A12 + ooo) Sin.xl

6

.~ 6BEP ( ;5B 70 _3BC _ seE_

A 6A% onat 1640 3. 2728
10
1 2
- - eee)Sin®x
e ‘28A10 1

_ﬁﬁé(l_zﬁ_zﬁé,ggg_lsslaa

2A*  osat  16a° 274

10
— 1001B iy ...)51n3
3. 58,10 !
,,55_@;(1,113_‘__.,.@1&‘;,,13&2,,1991936
oHA 6A% 40a*  16a° 3. 27a

4
+ ......o......)sin Xl

5 4 6 8
*%(I*E*%*Qﬂ%*%—

21A SA® 16A
5

+ ........‘...)Sin x1

6

4 6
9B2 B ) 6
+m-g 1l + +92r+5'g9‘2—+...81nx
; 2A% 8A 16A 1

12wA



7 : 4 6
+ —Eh-g (1 + 2187, ﬁizg— + f?igg- + ...)Sin7x1

127A DA%

8 4
OBE/_ 55B% . 1001B 8
+ ( 1+ +* + oooooooooo)sin
32mA 6A®  24a% !

9 J— 4
+ L@ (1422, A0 E. ..........')Singxl

32M1A 2A% 244

11880 2 10
*ﬂlo ( 1 *ﬁ* ....A.......'......)Sin xl

641A 3ZA2

grl 91B® 11
+*— ( 1 + * ...........'....)sin XIl

64mal® 2A®

# ceeccecccscccccsscesces (33)

Let do , d1 s G2 , ©otcoee be the respéctive constant
terms of equation (33). Therefore,

ba = de + d; Sinx, + da Sin"x1 + ds Sinfxl |
+ d4 Sin4x1+ d5 Sinsx1 + d6 Sin6x1 ¥ eocee
(34)

Replacing Sin®x, , Sin®x, , Sin'x, , etce.. by their
trigonometric identities from appendix D,

bs = do + d; Sinx; + de(.% =21 cos2x,)
+ as( £ Sinx; — % Sin3x)
+ a,( # - % cos2x) + % Costx)
+ ag( 3 sinx) - 2> Sin3x, + Lz Sin5Sx; )
+ ag( 2z — 32 Cos2x; + FgCoskix)~ 35 Coséx; )
+ a,( 22 sinx; — &} sin3x) + L sinsx;
~ &+ Sin7x,)
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- d8 128 %—g Cost1 2§§ Cosll»x1 ——g Coséx1

T i%g CosBxl

4
+ TE% ( 63 Sinx; = 42 Sin3x, + 18 Sin5x; = % SinTxy
+ % Sin9x1 )
a
+ ~lg ( 63 « 105 Cos2x, + 60 Coslx, < —50086x1

+ 5 CosBx1 - %_Colex1 )

+ 7oo% ( 462 Sinx; = 330 8in3x, + 165 Sin5Sx,

= 55 Sin7x; + 11 Sin9x, - Sinllx, )

+ g%ﬁg ( 462 « 792 Cosle + 495 0054x1 - 220 Cos6x1

+ 66 CosSxi e 12 Colex1 + Colexl )

a
+ E%gg ( 1716 Sinx, - 1287 Sin3x, + 715 Sin5x;

» 286 SinTx, + 78 8in9x, - 13 Sinllx; + Sinl3x1)
+ ® 0 © 0 0 0 0 00 0O O O O O OO O O OO O O Q@ OO SO OO OGO OO OO0 SO0 e 0O

rearranging,

, ds 34, 5 3589 6349
bs =+ (de + 5+ =g~ +7g7 + 738 * 35
- 4624

+ 563312 +* ...........)

354 634 462

3
+ (a; + iR Gl T+ IBE%IL
1716
+ 3353211 4+ eee) Sinxl

Qs
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+ ..........)Cosbxl
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Let ko s kl s ka , etc... be the respective constant
terms of equation (35)., Then,

bs = Ke + kl Sinx1 + kg Cos?x1 + ka Sin3xl + k40084x1

+ k5 Sinle + k6 Cos6x1 + ececcccecccess
(36)

The second term of equation: (14) for a.sinusoidally
clipped wave becomes,

8y = ﬁg Sin3x.

- -

6s = Ko Sin3xys + k1 S:I.nx._L Sin3xz ¥ k2 Cos2x1 Sin3xe
+ ks Sin3x1 Sin3xg+ k4 Cosli-x1 Sin3xg
+ k5

-

Sinle Sin3xg+ k6 Cos6x1 Sin3xge
* ® © © O 0 O O 00O OO OO OO OO OO OO OO SO SO e 00O

ea = Ko 311'13}(3

- Kk

+ 51- ‘Cos(3xge xl) s Cos(3xe + xl)
ke

L _smn(3x3¢2xl) + Sin(3xse +2x1)
k

P 5; 003(3x3-3x1) « Cos(3xz +3x1)

. gg Sin(3xs-4x,) + Sin(3xs +4x,)

+ EE Cos(3xg=«5%x, ) « Cos(3xs +5x,)
5 3x8=5%xy 3x=2 X1

+ O ® @ o0 0 6@ 000 00O 09 000000000000 OO

(37)

The constants ke , k1 s Ka , etCoee have the dimene
sions of volts as expected from equations (33) and (35).
This point will be more clear when ke , kl s ke , etcee.
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are expressed in terms of the known quantities (A), (B),
and (El) in the following pages. Also expression (37)
clearly shows that es is an amplitude modulated wave,

( ke Sin3xz ) being the carrier signal.

From equations (33) and (35),
k°=d-+§—*s—+1z‘*1§'s"*%1“zs * 2068 teee
ko--o-g—B-(l—E-r}-B-%-r B° +3-§8-—+ B0
> 24% | 8a% 1640 | 27a8 T 28,10
12
B
+ * ...)
10,12
_3BEE (5B 7B 380 _ 5smC
AR €a® 24at  164° 3. 27a
—AB )
30 294
o lsEEl (o, mer, 638t 80, loaigd
16ma? 6A%  40A% 16a° 3. 27a
6 . 4 &
,353_.33.«6_(1.;93:-929—5—4-@-2%—-#..........)
192487 2A*  8A 644
8 . 4
315BE 558° . 10018*
+ (l + + * '..‘........“)
212A T 6A%R 241!*.4
+§9BLE‘1£ ( 1 +%+ .........'...........)
214,10, 3342
+ @0 e oo e 0o e 0s00oe00ccss o0 REEEREEREE ecee eeeece
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34 5dg 356.7 63d9 4624 1

_ 3
kl = dl “+ 4 o 8 + 64 + 128 + 1024 + cec0cccee
4 6 8 10
4E, 9B*® 15B 7B 27B 33B
ke = # == 1 ~ +—%—+ + +
1 on oA BA 640 = 27a8 7 28,10
"'21—'&?—"‘ ooo.oooo.)
510,12
8 2 4 6 8 10
- 3BL (1 -5B 35B° _ 21B° _ 165B~ _ 1001B~ "
onA® 2A®  oua* 1648 2748 30 20410

ceceeesscatensanas)

8
L 58 (., 71B%, 638"  2mm®  zooss®

16mA% oA®  8a% 162  2Ta8
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768mA 2A" 8A 16A
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21254 oA®  oua®
11 .
231 E] 91B
* (1’ + ........‘................)
215410 2A%®

+ ® ©® 5 00 000 08¢ 0002 0 C 0P e0 000 00 ® ® e ® 0 0 0 0 00 ® ® 0 0 o 00 0 o

ds 4, 354 564 1054 7924
—( — B, =6 8 10
ke == (3" +35 *+33 *+13 *35 * 2088 toeee-

4 6 8
3BE? _5B® _ 1B~ _ 22_3 - .5513.___.8
ko = + ( 1

2 nA® 6A® 24AF 16A 3o 2Ty

10

-%3—28?-5- —

e
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4

5BE, 2 4 6 8

- ( l +ZE—+§13-_+ B + O B eseeccee
P 64  40A% 1648 3. 2748 )

6 4 6

—24 BE‘ ( 1‘*23'2“'22-%—4‘ 298 "'ooonoo--ooo-o.)

384mA AR 8A 16A
8 4

—éiB—E—'-g (1432282, LOOIB i)
5127A 6A% 244
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- ® ® & 9 ¢ 0O 0 OO0 00 0T OO OO OO S0 OO O 0o (4OL)
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_ o (e R 4
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ES B2 4 6 6 8 10
Ke= + 2L— (1 — 2B- - 35B_ _ 2123._ ;_Eg_ - ;leg_._ ved)

omA® oa®  oza* 162° 27A 30 2210

_ 5E? 7 (1 + IBE , éﬁéﬁ + 2}1%5 + 220 S PR
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-—2%—3 ( l"'m“’ 00 + .oooooooocooo.ooooo)
2T TmA 2A% 24A

mmC1+11-B—8+..’........................)
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- 8A 16A 274
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6 4 6
_ _ 1BE/ B2 B 420B
k. = (1 +2B ,298B 4298 .
67 Soam® (1w e T e )
8 2 4
- 9BE.8 (1 4+ 22B2 , 1001B" | )
29""A ' 6A2 24A4 e @ @ & O ® 0o 0 0 o0 ® o s 0 0
10
—&%SEE-%.B ( 1 +£+LB-E+ ® ® ® ® 0 0 00000 0 00 oooo‘coo...)
2--nA 33A%
- ® ® & ¢ & o o ® ® & & ¢ © 9o O 0 0 O 0 00 (44)

da oda 5544
k7 = = ( 3%‘+ Eg%'+ Isg%l # seressswssnes CEsETMEE OO )

7 4 6
——3#7(1.’.213-—8+8A *E'O%B—-‘.'.....ooo.o)

1 768mA 2A 16A
ED 558 . 5005B
—2]#—3 ( 1 + + 4 ¥ eecececsccse oo-oooo.)
2-7nA 24A® 24A
55ELT B®
- (1 +L* © © © © O ° 000 OO O OO S O C SO e e 00
- ® O © © ® OO 9O 0 00 00O 00O (45)
a 54 664
8 ]
k8=+(1—2'§"§-5-y+§£%g"’cooooo oooooooo oooooonooo)
8 2 4
QEEL_g 55B° , 1001B
k s * (1 + * + ..................)
8 21254 6A*  2uAt
1188 ° 4982
*"—IITJ'_]-—O' ( 1 " ‘.' ®@® o 0 0 0o oooo-o.oooooo.oooo.)
2-"na 33A°
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+ 5%3 + TEE%A + 355%1 D

9 2 4
E 55B 50058
+ T8 (1 + +
2135 = 24A&

# cececcccceccccncns)

11
11E; 91B®

* (l" +..0.........C.....'.......)
516,210 oA®

* ® ©® & & & & 0 O o 000 00 80 0 e 00 (47)
a 124
i(£+J+..............'................)
512 7 cou8

- Ll'B—E“]'-i' ( l + ﬂﬁ: + oooooooooooooovo.-ooooooo.)
215410 33A%

® © 6 0 0 0 ® 00O 00O O 00 00 o0 (48)

( 1024*..............‘............0...0000000.)

11 2
- v (l+ﬂ* ...'.................‘....)
516,10 oA®

e ceccecssceccecccsennns (49)

Since kll is seento be very small compared to kl,

it is not necessary to evaluate further constants,

ke
(37)

kl s K2 , etceee are the constant terms of equation
, and they have the dimensions of veolts as can be

seen from expressions (38) through (49).

If El = 0 , there is no modulation, For this case,

from equations (38)through (49),

kl = kg = k3 = sesesesses = kn =0
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and
4B 382 g g0 358 BLo
ke = 5= ( L - + - + + ig———

on oA®  8a* 1640  27a8 7 58,10
12
B

+ ¥ ceccecce)

510,12

which is identical with equation (32) for the unmodu-
lated case,

If (A) approaches infinity, the high frequency wave ,
or the carrler signal, becomes a square wave, Therefore,
letting (A) approach infinity, from equation (38) through
(49) ,

. - 4B
ke = 37

- 4E
kl_

k8= k3=k4=o-ooo-.o.: knzo

and the formula (37), the second part of the expression
for figure (8), reduces to

es = -é-‘-;'—i Sin3xe + g—,ET‘ Sinx, Sin3xs

This i1is the same expression obtained when the carrier
signal 1s considered to be a square wave , ( See appen-
dix E ).

The final expression for figure (8)

/
e:el+ea*65+0..0.‘.0.0t...o'.oooo.o.oo

e = Qo Sinwzt + Ql Sinwlt Sinwgt + GgCésznlt Sinwset
Cs Sin}wlt Sinwet + Q40084wlt Sinwet

& o ©® 00 ©0 00 0000 0 0O OO ° 0O O C SO O e

Sinwlt Sin3wet + kgCos2w1t Sin3wet

+ + +

+ koeSin3wgat k

1
k331n3w1t Sin3wet + kACoskwlt Sin3wst

+

e osoosoe0o00c0000000000

(50)



48

where the constants Co , Gl » C2 5, etce.e have the
dimensions of volts, and they are defined with the
expressions (22) through (31). The constants ko: Ky
ke , etcsss also have dimensions of volts, and they are
given with the relations (38) through (49).

Equation (50) is clearly seen to be an amplitude
modulated wave, This equation contains infinite number
of frequency components, But with a tank circult the
most desired frequency components may be selected., For
instance, if the tank circult is tuned to the frequency
(fz2), equation (50) is approximated by

e = Ce¢ Sinwet + Cl Sinw.-t Sinwgst

1
or

C o]
e = Co Sinwgt + §l Cos(waéwl)t + Elcos(wa+wl)t

(51)

which 1s the equation for an ideal amplitude modulated
wave,

If the tank circult is tuned to (3f2), equation '
(50) is approximated by

e

keSin3wagt + kl Sinwlt Sin3wet
or

o 5
e = keSindwet + 3 Cos(3waéwl)t + 3 Cos(}wgiwl)t

(52)

Equation (52) is also an amplitude modulated wave
having a carrier frequency of (3fz).
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SECTION 111

EXPERIMENTATL, STUDY

Figure (10) is the wiring diagram of the clipper am-
plitude modulator used in the experiment. It is similar
to figure (7) except that a twin diode i1s employed instead
of two simgle diodes, and the low-impedance pathe across
the d - ¢ bYias batteries, and the secondary of the audio
transformer are arranged as shown.

10 Ka
6/H6
Carrier
~> 51700/ Camera
4 ufd = I Y LA, Osci/ffescope
. ;AﬂI - A
T N ) T

z] Maa’u/a//)zy Ky lf‘/lﬂ/

Figure (10). Clipper amplitude modulator,
experimental circuit.

Some data on 6H6 twin diodes are given in table 1.

Table 1
For 6H6 twin diode
Plate No., 1 to cathode No.l Capaclitane...... 23,0 b4 Jarad
Plate No., 2 to cathode No. 2 Capacitane...... s et ki fara e
Plate No./ to plate No.2 Capacitane.......0.1 w4 fore
Forward plate resistance.c.cccecessccssccssess 20 ohms
Backward plate resistance..c.cececcccecccceece oo ohms
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Figure (11). The photograph of a sinusoi-
dally clipped carrier for f2 = 450 cycles per
second and f+ = 150 cycles per second.

Figure (11) is the photograph of a sinusoidally clipped
carrier takem at low frequencies to demonstrate individual
radio frequency cycles and the general pattern of clipp-
ing 1level with modulating =signal. In this figure, 1t is
seen that the envelope closely approximates a sinusoidal
pattern; but the top portion of a radio freguency cycle some-
what deviates from being an exact segment of the modulating
signal. This is because the diode has a finite plate re-
sistance while conducting, and the voltage drop: across
this resistance appears at the output and therefore al-

ters the clipping level slightly.
Figure (12) is the photograph of the envelove of an

overmodulated wave.
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Figure (12). The photograph of the envelope
of an overmodulated wave for fz = 85 Ke, £ =

280 cycles per second.

Figure (13) is also an overmodulated wave for fg =

85 Kc and f, = 280 cycles per second’showing the carrier
clipped with a modulating signal. Over modulation exists
when E;> B, where (Ey) is the amplitude of the modulating
signal and (B) is tne magnitude of the d-c blas. This
fact is self explanatory from figure (8).
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Figure (13). The photograph of an overmodulated
wave for fg = 85 Kec and fl = 280 cycles per second,

Figure (14) shows 100 percent modulation. This occurs
when the modulating signal swings to the (wt)-axis of fi=-
gure (8) on alternate half cycles,

Figure (14). 100 percent modulation,
fe = 120 Kc and fl = 400 cycles per second.
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In figure (14) there is a phase shift between the
upper and the lower envelopes. This 1s caused by the fact
that the time-varying bias voltages ( modulating signal)
on the secondary of the center-tapped audio transformer
are not 180 degrees out of phase, It has been stated ear-
lier that the total blas on the first diode must be equal
to the total blas on the second diode with 180 degrees
phase difference to obtain a symmetrical clipping.

Figure (15) is another photograph of the sinusoidally
clipped carrier for fz = 200 Kec and fl = 1000 cycles per
second,

Figure (15). The photograph of a sinusoidally
clipped carrler for fz = 200 Kc and fl = 1000

cycles per second.
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In the actual operation of a clipper amplitude modu-
later a tuned circuit will be present at the output ter-
minals to offer high impedance to the carrier component
and less to the unwanted harmonics. This reduces the mag-
nitudes of the unwanted harmonics at the output.

At high fregenciles the interelectrode capacitances
of a 6H6 twin dlode becomes a low impedance path to the
carrier frequences, thereby reducing the output. Conse-
guently, a 6H6 twin diode or any other ordinary diode will
not operate satisfactorily at high radio frequency because
of capacity effect. Therefore, crystal rectifiers must be
substituted for vacuum tube diodes at these high frequencies;
for 1nstamce, General Electric, type G-7 crystal diode 1is
designed to operate up to 500 Mec.
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CONCLUSIONS

It is possible to obtaln an amplitude modulated wave
by the clipping action of diodes, provided the clipping
level, or the blas of figure (7), varies with the modulae-
ting signal. The resulting wave form contains an infinite
number of frequency components from which the desired
ones can be selected by a tuned circuit.

Some characteristics of a clipper amplitude modulae
tor can be compared with the conventional vacuum tube
amplitude modulators as follows:

a) The conventional vacuum tubes such as triodes and
pentodes have constant amplification characteristics only
over a. certaln range of frequencies, called the mid-
frequency range, Those frequency components of the input
signal falling on either side of the mid-frequency range
are reduced in amplitude and shifted in phase, introdu-
cing frequency and phase distortion., The clipper ampli-
tude modulator can be made free from frequency and phase
distortion within the frequency range of operation of
the diodes,

b) If crystal rectifiers are employed instead of or-
dinary diodes, amplitude modulation can be accomplished at
much higher frequencies than when conventional vacuum tube
modulators are used, For instance, General Electric, type
G - 7 crystal diode is designed for use up to 500 Mec.

¢) The output of a clipper amplitude modulator con-
tains an infinite number of frequency components, thereby
introducing amplitude distortion. But this is not serious
since the undesired freguency components can be reduced to
insignificance by a tuned circuit.

d) Clipper amplitude modulator has an lnexpensive and
simple circuit. It is also small, compact,and light.
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SUMMARY

Amplitude modulation is obtained by varying the ampli-
tude of a high freguency signal (carrier) in accordance with
an intelligence, There are numerous systems producing an
amplitude moduleted wave. In this thesis, another system
and method 1s introduced. Namely, an amplitude modulated
wave 1is obtained by clipping the carrier with a modulating
slgnal by employing the clipping actlion of a full-wave
diode clipper. Consequently, the system may be called a
"elipper amplitude modulator". The mathematical analysis
and the experimental results have shown that the output wave
form of a clipper amplitude modulator is an amplitude modu-
lated wave,

Ordinary vacuum tube dlodes do not operate satisfacori-
ly at freguencies above 800 Kc. Therefore at high frequen-
cies crystal rectifiers must be used.

The clipper amplitude modulator has some advantages
over the modulators using conventlonal triodes or pentodes,
Distortion can be made very small in the clipper amplitude
modulator. It is small in physical size, and it has a sim-
ple circuilt.
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Evaluatiﬁ%‘of Sin(na) and Cos(na) for figure (9):
y )
A

gy JIS

p \
’ \
’ \
B |- -

A e e

Figure (9). Sinusoidal carrier clipped at the
constant level (B).

At the point where x= a , B = A Sina

oF Sina = %—
Cosa = -————-———'AZB
Therefore,
Sin2a = 2 Sina Cosa
Sinza = 22 LAZE

Sinda= 2S5in3a Cosa - Sinl2a

Sinta = 2(3 Sina - 4Sin®a)Cosa « Sin2a
s - _
Sinka = 2(3 %—x o %3)...____M ’zBr - iﬁ /A’ZB‘

3
Sinka = ( 5—';:— - 5%3 3-———-——-—"*;,;3

Cos3a = 4Cos®a « 3Cosa
YA C'-B 8 v A -B
4(=55) N

2 /3T @Y
Cog3a = { I- &%a )'AZ;E‘

Cos3a =



Cosb5a
Cos5a
Cosb5a
Cosba

Cos5a

Cosba

1l

Sinba =
Sinba =

Sin6a
Sin6a
Sinb6a

Sin6a

Sin6a

Il
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2Cos4a Cosa « Cos3a

2(2Cos3a Cosa « C0s2a)Cosa - Cos3a

4Cos3a Cos®a - 2( I- 25in®a)Cosa - Cos3a
4Cos3a Cos®a « 2Cosa + 4Sin®a Cosa e Cos3a

_ 4B® (/ARSB® /A®«B®ys _ 2/A°-B° , 4B®/A®-B"
4(I= =F= )=5% =) 2 taT T2

—(1I—- ﬁ:)—L———"B
A A

2 4 TRy
(I— IiB . 162 y /A%<B
A

2 SinbSa Cosa = Sin4a

2(28in4a Cosa - Sin3a)Cosa + Sinia

4 Sinda Cos®a « 2 Sin3a Cosa « Sinis

4 Sinka Cos®a e 2(3Sina « 4Sin®%a)Cosa & Sinia

4 Sinka Cos®a « 6 Sina Cosa + 83in®a Cosa eSin4a

4B _ 8B® )#é’!-"B!! (»’AE-T-BE)Q__.'QB_ /AZLB®
A( A A2 A A A A

Y/AZ&B® _ (28 - 8?2 ) /AR<B®
A

8B3
+A® T A A° A

6B s B, /A%=B°
(-8 *%’ A
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The following relations are to be used in expanding
equation (8),

ArcSinx =

Arcs.m(%)- =

( »I+X)?ﬁ =

Letting x

2 4
(I= %2') =

_ BRyi_
(1= %) =

3 s 7 ‘s
- 3xX_ . 5x | 35x_ | 63x 23Ix |, I43x .
x* 26{" * %0 *I12 *Iisa t 81 * I33I2 * T0240
+ o ® e 0 0 24 I
3 ' 7
B_, BS 3B 5B }IB
A a2 Y yox* 1122 * 1152& ¥ '2‘2"3_1 A I33124°
IAEB ® 5 050 O
+ TI0240K *
(—-—)B<I
I+mx+l(%—-l MMMX Foocececese
+ mfmpI)(m;22.,..(m.n+I) x
. x<I
=(— _i_g) dﬁd m=2L‘andm:21
4 é /4
B2 _B__B___5B__ _
I- 222 ~ 8a&~ 62~ 128% ; %‘A" 2”A"‘
6 8 /0 72
o Ba i B B B e ® 00
I—-2a=+ 3 o 2‘&"’ ora *t orpet oepet TR
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APPENDIX <« C

EXPANSION OF THE TERM (B + E SINX)®

Bionomial Theorem;
(a+b)n = a’+ nan'Ib + Qig:l)an-2 b2 + nfn-glfn-zﬁ ag-3 b

n-I n

+eeeeeetnab +b

where (n) is any posditive integer.
(B+E Sinx)2®= B® + 2BE Sinx + E® Sin®x
(B+4E Sinx)3= B® + 3B®E Sinx + 3BE? Sin®x + E® Sin®x

(B+E Sinx)*= B* + 4B°E Sinx + 6B®E® Sin®x + 4BE® Sin®x

+ E}+ Sin4x

“E Sinx + IOB®E® Sin®x + IOB®E® Sin®x

+ SBEa Sin#x + E5 Sin5x

(B+E Sinx)°= B> + 5B

4g® ga1n®x + 20B°E® Sinx

+ I5B®EY Sin’*x + 6BEP sin®x + ECS1nx

(B+E Sinx) 7= BT + 78°E sinx + 2IBPE? sin®x + 35BE® Sin®x

35895 sin*x + 2IB?ED s1n°x + TBEL s1n®

+ El sin'x

(B+E s1nx)®= B® + 6B5E sinx + 15B

X

(B+E 5inx)%= B® + 8B7E sinx + 28B°E® Sin®x + 56BPE® Sin®x

+ 70B¥E* sin®*x + 56B°ED sinPx +28B2%EC s1n°x

8 Sin8x

6

+ 8BE7 Sin7 + E

(B+E 5inx)%= BY + 98%E sinx + 3687E® sin®x + 848°E° sin®x

+ I126B°E* sin®x + I26B*E® s1n’x +

+ 84B°E® 81n®x + 36B2E! sin'x + 9BEC Sindx

+ E9 Sin?x
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yIo _ gIo 8

E® Sin®x
6E4 Sin4x

-+ 252B5E5 Sinsx + 210B4E6 Sin6x

8 Sin8x

Io
X

(B+E Sinx + IOB’E Sinx + 45B

+ I20BTE® Sin®x + 2I0B

+ I20B®E' Sin'x + 4SB2E

0]

+ T0BE® sin®x + ELC sin

II , 118%°E sinx + 5589E2 sin®x

8g2 s1n%x + 33087E* sin’*x

5E6131n6x

E! 8in'x + I65B%ES S1inSx

I0 SinIOx

(B+E Sinx)II = B
+ I65B

+ 1628°E5 sandx + 4628

+ 33087

+ 55B2%E°2 sin’x + IIBE

1l 1l

+ E Sin~"x

(B+E sinx)I2 = BI2 4+ 12BI1TE sinx + 66BICE® sin®x
8E4 Sin4x

+ 792BTED sindx + 9248°E® s1nlx

+ 220B°E® Sin®x + 495B

+ 792B°E7 sin'x + 495B*E® s1n%x

+ 220B°EY sin’x + 66B2ELC 51n10%

II II gl2 I2

+ I2BE Sin""x + Sin " x

(B+E sinx)T> = BY? 4 13B12E sinx + 78BT1E® Sin®x

+ 286BT9E° 81n% + 71587E* sin’*x

+ 1278B%E> sin®x + I7I6BTEC s1nlx

+ I716BPE” sinTx + I287BES sinx

+ 7I5B*E° s1n%x + 286B°E %51n1%
+ 7882ELT s1nlx + I3BE'2 Sin

Iz
3 51012



(B+E Sinx)I4 —pl4

+ I4BT3E Sinx + 9IBI2E® Sin®x

+3648TTE° g1fx + T00IBIOEH sin%x

+ 2002B%%° sin®x + 3003B8ES s1nlx

3432B'E! sin'x + 30038%E8 s1nPx

+

+ 2002B°E? sin’x + I00IB*ETC s1nI0%

+ 364B°ET s1nTTx 4+ 91B®EI2 g1nl2,

+ I4BE13 SinI3x + EI4 SinIax

Sin

=62



APPENDIX - D

TRIGONOMETRIC IDENTITIES OF (Sinx)®

Sin®x = % - %Cos2x

s, _ 2 S
Sinﬁx = 481nx 4S:i.n3x
Sin4x = % - %Co-s2x 4 80054){

Sin"x = BlnPx Sin3x

Sin5x = 881nx - %Sinx Cos2x + %Sinx Cos4x

Sin°x = %Sin.x - %—(%Sian + %Sin(-x) ) + (—Sin5x - -:-[-Sin3x)
Sin5x = %Sinx == %Sian + %381n5x
Sin6x = Sinsx Sinx

Sin6x = gm.n’ax — %Sin}x Sinx + %SinSx Sinx

Sinsx = g( %— - %Gos2x) - %(%Cosac - %Cosl\tx)
-I-g( Loossx - %Cos6x)
Sinéx = % %2 082X + %gec 4x - -—0036::

Sin7x = Sin6x Sinx

Sin7x %Slnx - %Sinx Cos2x + %Sinx Coslx — 3-2-Sj.nxCos6x

Il

Sin'x = 2%81nx - %%Sin}x + %ZSInSx - %381n7x

Sin®x = Sin'x Sinx

s1nSx = 2581n3x - %%Sian Sinx + gE51n5x Sinx— %381n7x81nx

Sin8x = 25-— 5—gCos2x + 128Coslut - %0086)( + T%gCOSSX
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sindx = 84nSx. Sinx

9, _ 35_ _ 56 8
sinx = 225 Sinx %55 Sinx Cos2x+ %§§ Sinx Cosl4x

‘4 fgg‘SLnx Cosbx + E%g Sinx Cos8x

e

251n9x)

Sin9x = T%g (63Sinx- 42Sin3x+ I8Sin5x — %Sin7x +

SinIOx = T%g(63Sinx-4231n3x+1881n5x - %Sin?x + %Sin9x)51nx
s1ni0x = 5%3(63- I105Cos2x+ 60Coshx — §5Coe6x + 5Cos8x
¢
2CosIOx )
SinIIx S ( 63- I05Cos2x + 60Cos4x — §5C036x+ 5Cos8x

256
- %CosIOx) Sinx
sin'% = T%Eh( 46281nx - 330Sin3x+ I6581n5x -55SinTx
+ IISin9x « SinIIx)

Sini2x = —%54 (462Sinx - 330Sin3x + I65Sin5x £55SinTx

H

+IISin9x - SinIIx) Sinx

S;nI2x = 55%3 ( 462~ T792C082x + 495Cos4x « 220Cosbx

+ 66Cos8x - I2CosIOx + CosI2x )

Sintox sirs ( 462- T92Cos2x + 495Coskx - 220C0s6x

Il

+ 66C088x - I2CosIOx + CosI2x)Sinx

sinlox = 2%53( I7I6Sinx - I2875in3%x + 7I5Sin5x - 2868SinTx
+ 788in9x - I3SinIIx + SinI3x)
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Appendix E

MATHEMATICAL ANALYSIS OF A SQUARE-WAVE CARRIER
CLIPPED WITH A SINUSOIDAL MODULATING SIGNAL:

=4 2%

IV 2¢)

4 ~

l 171 ] r

f/_ e \ e e et et s vl

) -

d - @ —
U l__l l\l wt o m 27 sy

T e A -TV'::;"" ——— __.\;- i -8
\L.\_\ _____ _/"" (a) (b)

Figure (/6). a) Sinusoidally clipped square- wave
carrier, b) square wave-carrier clipped at the cons=

tant level (B)

e; = E1 Sinwlt , modulating signal as expressed with
respect to the constant level e = B

wet = angular frequency of the square-wave carrier.

Analysis of figure ( b) by Fourier methods gives

f(wgt) = %@ Sinwest + %% Sin3wzt + %% SinSwzt + ...,

Therefore the coefficients or the amplitudes are

4B - 4B _ 4B
bl—.;[—- ’ b2—3“ ’ ba—'s" ’ oo‘-oo

Introducing sine variation in the amplitudes

4
=3 ( B + E, Sinw;t ) Sinwgzt

el_.
e, = 2B gynuat + ZE t Sinwet
1 = nwg o Sinw, inwe



o
«
Il

Finally,

4
e ( B + El Sinwlt ) Sin3wsat
4B B
3n Sin3wet + %;'Sinwlt Sin3wat
A ( B+ E, Sinw.t )
5n 1 1
4B 4E,
Sn SinSwet + Sn Sinwlt SinSwet
/
el+eg, *35* ® ®© ® 9 ® 0 © ® © 6 90 O S 0 s " s 0 0 000

%-B- Sinw.t + ﬁ—E Sinw t Sinwst
4B 4E,
+ 35 Sin3wzt «+ B0 Sinwlt Sin3wat
" %% SinSwat + ZL' SinSwat Sinw b

51
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-66-



-67-

BIBLIOGRAOHY

Albert, A,L. Fundamental Electronics and Vacuum Tubes
Revised ed. N.Y., Macmillan, 1947. pp. 377-378

Eastman, A.V. Fundamentals of Vacuum Tubes., 3rd. Ed. N.Y.
McGraw-Hill, 1949. pp. 258-259, 521-524,

Electronics Training Staff of the Cruft Laboratory.
Electronic Circuits and Tubes. 1lst. Ed. N.Y,
McGraw-Hill, 1947. pp. 619-620, 648, 521-524,

Moskowitz, S. and Racker, J. Pulse Techniques.
N.Y., Prentice-Hall, 1951. pp. 156-15T7.

Seely, S. Electron-Tube Circuits. lst.ed. N,Y.,
McGraw-Hill, 1950. ©pp.332,336.

Terman, F.E. Radlio Engineering. 3rd. ed. N.Y.,
McGraw-Hill, 1947. Dpp.4T74-477.



-68-

VITA

The author was born April 5, 1924 in Kirikhan, Turkey.
He finished grammar school in his home town, and graduated
from Antalya.Lyceum.in 1944 in Antalya, Turkey. In 1946,
he came to tne United States as a Turkish Government Stu-
dent and obtained his B.S. degree in Electrical Engineering
at Stanford University in 1950. The same year he transferred
to Missourli School of Mines and Metalurgy to do graduate
work in Electrical Engineering,




	Clipper amplitude modulator
	Recommended Citation

	00000001
	00000002
	00000003
	00000004
	00000005
	00000006
	00000007
	00000008
	00000009
	00000010
	00000011
	00000012
	00000013
	00000014
	00000015
	00000016
	00000017
	00000018
	00000019
	00000020
	00000021
	00000022
	00000023
	00000024
	00000025
	00000026
	00000027
	00000028
	00000029
	00000030
	00000031
	00000032
	00000033
	00000034
	00000035
	00000036
	00000037
	00000038
	00000039
	00000040
	00000041
	00000042
	00000043
	00000044
	00000045
	00000046
	00000047
	00000048
	00000049
	00000050
	00000051
	00000052
	00000053
	00000054
	00000055
	00000056
	00000057
	00000058
	00000059
	00000060
	00000061
	00000062
	00000063
	00000064
	00000065
	00000066
	00000067
	00000068
	00000069
	00000070
	00000071
	00000072
	00000073
	00000074

