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AMPLITUDE MODULATION METHOD

Two categories:

1. Linear Modulation method: Utilizes linear region of

the current- voltage characteristic of the amplifying
device such as transistor or electron tube.

2. Square law modulation method: utilizes non linear
region.




Classification of Linear Modulation
method:

. Linear shunt plate modulation method or
Anode choke modulation or Heising
modulation.

. Linear series Plate Modulation.
. Grid bias Modulation.
. Cathode modulation.

. Suppressor Modulation.

. Screen grid Modulation.

N O AW N

. Collector Modulation.. .



AM Generation:

It is done in two parts

part 1:modulated class c amplifier
part 2: tuned Circuits

RF signal

(carrier) Current pulses
generator Tuned
| (Class C circuit
Modulating amplifier)

signal

AM wave

Fig. 2.10 Block schematic of AM generator



Class C Amplifier

It is possible to make the output current of a class C amplifier proportional to the
modulating voltage by applying modulating voltage in series with the dc power supply
voltage for the amplifier. Fig. 2.11 shows the modulating signal and the output current
waveform of the class C amplifier.
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- Fig. 2,11 (a) Modulating Signal (b) Current pulses



Tuned Circuit

Each current pulse applied to the tuned circuit initiates a damped oscillation in it. The
amplitude of the oscillation is proportional to the size of the current pulse and decay rate is
proportional to the time constant of the circuit. Since series of pulses are fed to the tuned
circuit, each pulse will generate a complete sine wave proportional in amplitude to the size
of applied pulse. This will be followed by the next sine wave, proportional to the size of the
output signal is coupled through modulating transformer T} to the class C amplifier. The
secondary winding of the modulation transformer is connected in series with the collector
supply voltage Ve of the class C amplifier. This means that modulating signal is applied
in series with the collector power supply voltage of the class C amplifier applying collector
modulation. |

SEE next slide for:-
1. Input waveform of tank by collector

2. Output waveform to the load
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Fig. 2.12 (a) Current pulses (b) Tuned circuit output (AM wave)




1.Linear shunt plate modulation
method or Anode choke modulation or
Heising modulation.

* Circuit diagram (see nextslide)

* Inputand output Waveform (see next siide)
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Fig. 4.1. Basic circuit of shunt plate modulation
or Heising modulation.
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Fig. 2.19 Waveforms of plate modulation
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Fig. 4.2. ldeal modulation characteristic for linear
plate modulation.

A

Fig. 4.3. Variation of plate tank current in linear plate
modulation.

|
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/.Collector Modulation

The Fig. 2.13 shows the basic circuit for a BJT modulator.

Tuned Antenna
circuit

Cy
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2.Linear series Plate Modulation.

4.4. Linear Series Plate Modulation

- v
b
Carrier - = L '
"% . : Modulated
volt . - ae
ug ic \}‘E'\"‘ : VL Ré voltage
o
4 o
W Modulating
Vmn 2 voltage
~ ——0

I;“Vcc”l Vbb

Fig. 4.4. Basic circuit of linear series modulated class C ampll-
fier.
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Analysis of Linear Series Plate Modulation
i Itis assumed that carrier frequency @, » @, At the grid of class C modulated amplifier,

Uy = Vo COS 1 ..(4.2)
and 0 =V, to, =V +V cos 0, '/ ..(4.3)

The modulating voltage in the modulated Lampliﬁer plate circuit is given by,
g =V_cosa ! ..(44)

Instantaneous plate supply vultage in modulated amplifiers is given by,

oy =Vt o, =V, +V_ coso) ..(4.5)

=V, [1+m, cos @ 1] . (4)

To be contd.( work out in class notes)
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3. Grid bias Modulation

b
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mHH =

modulating amplifier

Fig. 4.7. Basic circuit of grid bias modulation.
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4.6.1. Analysis of Grid Bias Modulation System. Analysis of grid bias modulated ampllﬁar may be
done in a way similar to that for linear series plate modulation.

Let the carrier voltage be given by, 7, =V, 8Nl ...(4.30)
The modulating voltage is, g, =V, C0S() [ ...(437)
...(4.35)

Total varying grid bias 7 is given by, 7, =V Ve COS 0

Total grid-to-cathode voltage 7, ils given by,

L Y (439
+u, —VF-Elllmcf'l"Vm cos @, ce

M fﬁét
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et the R.M.S. valuevnf tank current for linear modulation characteristic be given by,
IL=k (v, — V.)
where V., is grid-to-cathode voltage for zero tank current.
But the instantaneous tank current varies at frequency o, and is given by,
i, =1, sn Ol

where I_ is the amplitude of the tank current.

Hence i, =\21,sin
or i, = 2k, . (g, —V,,) sin®f

= \Ek, v_ cosw, +V,— V., sinw, !
When modulating voltage o, is zero, tank current is given by,
i =2k [V, -V, sine,!
or i =1, sme.!t
where /,,,, is the amplitude of the tank current with zero modulating voltage and is given by,

Iﬁmﬂ' = ﬁkﬁ [vr;q: i Vco]

Eq. (4.44) may be written as,

PRADEEP KUMAR, ET DEPT, RCET e =,

+ V ,.COSM, [| |
i, =2k (V. ~ V) i+ sin @, /

..(4.40)

...(4.41)

...(4.42)

.(4.43)

...(4.44)

. .@.45)
..(4.46)

...(4.4T

...(4.48)



or | i =1, [1 + VEVTVM €S @, r} sin (), ¢ .(4.49)
or i, =1, [1+m, cosw, 7] sino ! ..(4.50)
where m, is the modulation index and is given by,
Vown
m, 2Vm_vm ..(4.3])

Fig. 4.9 shows the waveform of carrier voltage, modulating voltage and modulated voltage.

Now since the grid bias is no longer constant but consists of a steady component V.. and variable
component 7, the D.C. plate current 1, is no longer constant but varies in accordance with the variation of

variable grid bias »,, as given by the relation,
l, =k, (V. -V,)" ...(4.52)
The steady value of D.C. plate current is then given by,

'I'H? - kr!l (Vﬂ.‘ - Vca) . (453)
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Fig. 4.9. Waveforms of modulating voltage
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Substituting the value of ¢, as given by Eq. (4.38) into
Eq. (4.52), we get

I, =k (V_+V, cosm_t—V_)

-k (V 6 [1 Vmcusmm:] 4 54

B b( - cﬂ) e Vec-vco ”-( T )
=K, (V..—V__ ) +m, cosm_1) ...(4.55)
=1, (1 +m,cosm, 1) ...(4.56)

Tank circuit voltage is the desired A.C. output voltage and
is given by,

V, =jXI, s (57

o

where X is the reactance of either the inductor or capacitor at
the resonant frequency w,_.

Eq. (4.57) may be put as,

=
FRADEEP KUMAR, ET DEPT, RCET

V, =j Xk, (V.,,—V_)( +m, cos @, ) ...(4.58)

-

e



The instantaneous output voltage is then given by,

L

v, =N2X k (V- V,)(1+m, cos w_¢) sin (@, £ + 90°)

=\2X k, (V.. = V.,) (1 +m, cos @, 1) cos &, ¢ L @59)

DC Input power=?
AC output power="?
Plate circuit Efficiency="?

Plate dissipation="?

CONCLUSION: 2?22?22



4. Cathode modulation

4,9, Cathode Modulation
In cathode modulation, the modulation voltage 1s introduced in the cathode circuit of the modulated

amplifier as shown in Fig. 4.11.
uss ]
HODULATED

f VOLTAGE

HODULATING
yoLTAGE 4

Fig. 4.11. Basic circutt of cathode modulation.
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Working:- of cathode modulation

The cathode cireui is common to both the grid cicuit and he .plate circui_k and hence he modulal g[
voltage appears in both the grid and the plat circuits. Both the grid bias modulall o aqd plate modu ation 0
he cartier, therefore, take place. Cathode modulation, thercfore, bas Charalersics infermediate JGlWFﬁﬂ
hose of plate modulation and grid bias modulation. Thus the plale reuit efficiency, power qulplul l;md
modulation power requirement are Less han those for plate modulation but more than thost for grid bias

nodulation,

e b » ation depends upon the circul adjustments
The propartion f gid bias modulaton and plaie modulzon depends upon t LR EEBF
Thus the proportion of plate modulation may be increased by (1) ncreasing the grid bias and (1) by Icasing

themodulating voltage amplitude. Withgrd leak biasingarrangement, grid ias may beincreased by Increasing
the value of grid leak resistance £,

FRADEEP KUMAR, ET DEPT, RCET



5. Suppressor Grid modulation

-
| de HOOULAT
Cg 7=\ S rreoke | T i

e | 100
o+h
R.F.CHOXE
Fig. 4.12. Basic circuit of suppressor grid Fig. ¢

modulated amplifier.
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Working:-
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t——Y)g, (SUPPRESSOR GRID VOLTAGE)

4.13. Modulaticn characteristic in
suppressor grid modulation.
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Contd.

This method of modation s bsed o e ey 1ty 1 e amplficaion factor between

ol and control g s afunction of the suppresor gid VOUZge Thus by vaing 1, he utput volge

maybe varid. Fig 4.1 diows e modulaton e of a Suiably ausd penode, 1 e
e modulation cure i subsantaly v uplo boul §0% modulatiop beyond which curve bends, Hence

e sysem cannot produce linear modulaion 10%




6. Screen grid Modulation

This method of modulation is similair to grid
bias modulation and suppressor grid
modulation



Numericals:

Example 4.1, [n a linear series plate modulated amplifier, the plate supply voliage is 300 volts and
the D.C. plate current under wnmodulated condition is 20 amperes. The sinusoidal modulating voltage which
appearsin the plate circuit of modulated amplifier has amplitude of 150 volts, The unmodulated output carrier
poweris4.5 kW, Caloulate (i) the modulation index (i) carrier power under modulated condition (i) plate
circit ffciency and (1) plate dissipation under wnmodulated and modulated conditions.

Solution: next slide



Solution. Modulation index
Vin 150
m, = v &300—0.5 @
D.C. power from plate supply source is given by,
P, =V, .1, =320 x20= 6000 watts

A.C. output carrier powe 4500 watts

Hence plate circuit efficiency

4500

n, = x100=75% Q)

Carrier power under modulated condition is given by

2 2
FzF[I +’"T:| 4500[ (ﬂf)]=5ﬂﬁzwmts )

FPlate dissipation without modulation is given by

P, =P, —FP, =(6000-4500)= 1500 watts

P

Plate dissipation under modulated condition is given by @)

2 2
_ my | (0.5)" | _
FP e Fpﬂ[l 3 ?:l = 1500 [] + 5 ] = 1688 waltls.
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Exampled.2. Alinear series plate modulated class C amplifier uses plate supply voltage of 1100 volls
and has plate circuit efficiency of 70 per cent. The unmodulated carrier power is 7.7 kW, Calculate (i) the
power fed from plate supply source. (ii) the d.c. compoment of plate current under wnmodulated condition
and (i) plate dissipation with no modulation. f the carrier is now modulated to a depth of 60 per cent by a
sinusoidal voltage from a class A modulating amplifier, calculate (i) amplitude of modulating voltage, (i)
plate dissipation in modulated amplfier with modulation and (i) audio power fed from moddating amplifier
into modulated amplifier. The modulating A, amplifier has maximum plate circuit efficiency of 25 per cent
and itis designed to produce audio output to produce a maximum of 100 per cent modulation. Calculate the
overall efficiency of modulating amplifier and modulated amplifier together for modulation of zero and 60
per cent.

solution: next slide

FRADEEP KUMAR, ET DEPT, RCET



Solution. Power from plate supply source is modulated amplifier is given

£,

I~ —
- Mas

where F_is the unmodulated carrier power and 'r]; is the plate circuit efficiency

7.7 KW

Hence Py, = 0.7 =11 kW

D.C. plate current under unmodulated condition is given by

; _Fu_l].mﬂwatl.s
b T V. 1100 volts

= 10 amperes

Plate dissipation with no modulation is given by
P

21

=P —P . =(11—-7.7T)KW =33 kW
Plate dissipation with modulation is given by

¥ -]

& =
Pia s .np,[l +%] —3.3 [1 g (“-:‘) ] = 3.894 kilowatts

Solve remaining parts.

2/23/2010 FRADEEP KUMAR, ET DEPT, RCET
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Example 43, In a linear series plate modulated amplfir, plate supply voltage Vy, = 1000 vols,
resistance of coilin tuned circuit s 5 ohms, Q) of plate tuned circuitis 0, o modulation d.c. plate curren =
10 amperes and r.m. lank current with sero modulation 1, = 38 amperes. On application of sinusoidal
modulating voltage from a class A, amplifer, carrier power increases to 782 KW, Caleulate () d.c. inpu
power from plale supply source, (i) plae circuit eficiency (i) wnmodulated carrier power, (i) r.m.s. plat
current with zero modulation, () modulation index, (v) amplitude of modulating voltage, (i) average power
fed from the modulating amplfier (vii)plate dissipation in modulated amplifier with and without modulation,

Solution:see next slide



Solution. () D.C. input power from supply source is given by
P =V . Iy = 1000 volts x 10 amperes = 10, 000 watts

(¢f) r.m.s tank current /, is related to the instantaneous plate supply voltage 4, by the relation.

I, =k, . o,

With zero modulation

F 38 amperes
j;: = Ve = 10C vOItE = ).038 mho

or
Further d.c. plate curent /, is related to #,, by the relation.
£, =k, .V
I -] Enbs &= 850
With zero modulation c
C
c= -
f 10 amperes |
or Kk, = VH = P = (.01 mho "l-{"glt I T n 8 ——
i 1-000volts l 17, % “ FRIM MODUL AT ING
=  AMPLIFIER
it SR
2 o =
Fig. 4.24.

Where Ry is the impedance of the tuned circuit at resonance.
Ry, =0Q%.R =(50)*.5 =12, 500 ohms.

Hence
Hence plate circuit efficiency of class C modulated amplifier is given by
Ro K2 12,500 = (0.038)
- = - = 0.724,
"> =k o2 0.01 = (50)°

Percentage plate circuit efficiency = 72 4%

(iv) Unmodulated carrier power is given by
'P-l - .Pu - T.-I.F ] 1ﬂi EDD > Dl?m

= 7240 watts.

Solve remaining parts S
' PRADEEP KUMAR, ET DEPT, RCET
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Example 44, A inear sries plate modulaed class C amplifer has plate supply volage Vi = 1000
volsand hasplate circwit effciency o 75 per cent. The wnmodlated carni power is8 kilowats, The carner
s amplitude modulated o a dapth of S0 per centby a sinusoidal volage from a clas Bpushplf!l modulating
amplfier which has maximum plate circuiteficiency of 66,66 per centat 100 per cent modulation and whose
plate circuit effciency i proportional to modulation index. Caleulate (7) .c. input power from ptarg supply
source in modulaied ampliier (i) d.c. current drawn from the supply in modulated amplfer, (i) plat
dissparion with and without modulation, (v) amplitude of modulating vollage (v) audio power fed from the
modulating amplifier into the modulated amplfer (i) overallefciency of modulated ampliier and mod-
ulating amplfier together under wnmodulated and modulated conditions,

Sol: solve as Assignment Question



ASSIGNMENT Questions:

Q1.Draw circuit for Emitter Modulation. Show
Input and output waveform?

Q2. Q1.Draw circuit for Base Modulation. Show
Input and output waveform?



S{Any Questions.....? 72?7

THANKYOU............. I
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