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Chapter 1

Introduction

Scilab code Exa 1.1 To find voltage drop in internal resistance and termi-
nal voltage for lead acid battery

//chapter 1
//example 1.1

//page8

Eg=24 // V
Ri=.01 // ohm
P=100 // W

I=P/Eg // we know that P=EgxI since for ideal source
, V is equivalent to Eg

Vi=I*Ri

V=Eg-(I*Ri)

printf ("voltage drop in internal resistance = %.3f V
\n”, Vi)
printf ("terminal voltage = %.3f V7 ,V)

17
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Scilab code Exa 1.2 Load current for dc source

//chapterl
//examplel .2

//pagel0

Eg=500 // V
Ri=1000 // ohm

// for RI=10 ohm

R11=10 // ohm

I1=Eg/(R11+Ri)

printf ("load current for RI=10ohm is %.3f A \n”,I1)

// for RI=10 ohm

R12=50 // ohm

I2=Eg/(R12+Ri)

printf ("load current for RI=500hm is %.3f A \n”,I2)

// for RI=10 ohm

R13=100 // ohm

13=Eg/(R13+Ri)

printf ("load current for RI=100ohm is %.3f A”,I3)

Scilab code Exa 1.3 Convert constant voltage source to constant current
source

//chapterl
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//examplel .3
//pagell

v=10 // V
R=10 // ohm

I=V/R // calculate short—circuit current by shorting

AB
printf (" equivalent current source has magnitude = %
Bf AT

// mno load is connected across AB and 10V source has
negligible resistance
// so resistance across AB is 10 ohm

// the constant voltage source when converted to
constant current source will thus have a source
of 1A in parallel with resistor of 10 ohm

Scilab code Exa 1.4 Convert constant current source to equivalent voltage
source

//chapterl
//examplel .4

//pagel2

I=6 // mA
R=2 // kilo ohm

V=I*R // by ohm law
printf ("voltage of voltage source = %.3f V’,V)

19



Figure 1.1: Convert constant voltage source to constant current source

10

11 // this voltage source when connected in series with
2000 ohm gives equivalent voltage source for the
given constant current source

Scilab code Exa 1.5 Power delivered to load by generator

//chapterl
//examplel .5

//pagel3

UL = W N~

E=200 // V
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Figure 1.2: Convert constant current source to equivalent voltage source

Ri=100 // ohm

R1=100 // for load=1000hm

I=E/(Ri+R1)

P1=1"2%*R1

Pt=I"2%(R1+Ri)

efficiency=(P1/Pt)*100

printf (" for load=100 ohm, power delivered to load= %
.3f W and efficiency=%.3f percentage \n \n”,Pl,
efficiency)

R1=300 //for load=3000hm

I=E/(Ri+R1)

P1=I"2%*R1

Pt=I"2%(R1+Ri)

efficiency=(P1/Pt)*100

printf (" for load=300 ohm, power delivered to load= %
3f W and efficiency=%.3f percentage \n \n”,P1l,

21
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efficiency)

printf ("comment: \n ”)

printf (" if load resistance is equal to internal
resistance ,maximum power is \n transferred but
efficiency is low \n 7)

printf (" if load resistance is more than internal
resistance , power transferred \n is less but
efficiency is high”)

Scilab code Exa 1.6 Resistance required for maximum power transfer and
power output

//chapterl
//examplel .6

//pagel4d

//for maximum power transfer , resistance of load and
amplifier should match
//so we take load=15 ohm

R1=15 // ohm
Ri=15 // ohm
v=12 // V

Rt=R1+Ri
I=V/Rt
P=I"2%R1

printf (" for maximum power transfer load must equal
amplifier resistance \nso required load = %d ohm)
n \n”,R1)

printf ("power delivered to load = %.3f W’ ,P)

22
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load 15 ohm

Figure 1.3: Resistance required for maximum power transfer and power out-
put

Scilab code Exa 1.7 Load for maximum power transfer and value of max-
imum power

//chapterl
//examplel .7

//pageld
V=50 // V

R1=100 // ohm
Zi=100+50%7%1

23
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Figure 1.4: Load for maximum power transfer and value of maximum power

//for maximum power transfer load impedence should
be conjugate of internal resistance so
Z1=100-50%%1

Zt=Zi+Z1
I=V/Zt
P=I"2%xR1

printf ("load for maximum power (in ohms)=")
disp(Z1)

printf ("maximum power transfered to load=.3f W’ ,P)
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Scilab code Exa 1.8 Thevenin theorem

//chapterl
//examplel .8

//pagel6

R=8 // ohm

R1=10 // ohm

R2=20 // ohm

R3=12 // ohm

R1=100 // ohm

//removing 100 ohm resistance , we form linear
equations by assuming currents I1 through loopl
and [2 through loop?2

//100=10%11+20%(11—1I2)
//0=(124+8)*12+20x(12—11)

//thus we get the following linear equations
//30%11 —20%12=100

/] —20%11+40%12=0

//solving these equations

a=[30 -20;-20 40]

b=[100;0]

x=inv(a)*b // matrix of Il and I2

I12=x(2,1) // current through 8 ohm resistor
E0O=I2%*R

printf (" voltage across AB with 100 ohm resistance

25
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10 ohm 12 ahm

Thewenin's circuit

Figure 1.5: Thevenin theorem

not connected = %.3f V \n”,E0)

R_equi=(R1*R2/(R1+R2))+R3

RO=R_equi*R/(R_equi+R)

printf ("resistance between AB with 100 ohm removed
and voltage source shorted = %.3f ohm \n”,R0)

I=E0/(RO+R1)
printf (" current through 100 ohm resistor = %.3f A”
)

Scilab code Exa 1.9 Thevenin equivalent circuit
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//chapterl
//exzmplel .8

//pagel6

R1=1 // kilo ohm
R2=1 // kilo ohm
R3=1 // kilo ohm
v=20 // V

EO=(R3/(R1+R2))*V // thevenin voltage = voltage
across R3 since A and B are open circuited which
means no drop across R2

RO=R2+(R1*R3/(R1+R3)) // thevenin resistance =
resistance between A and B with no load and
voltage source shorted

printf ("thevenin voltage = %.2f V \nthevenin
resistance = %.2f kilo ohm” ,E0,R0)

Scilab code Exa 1.10 Load resistance for maximum power transfer

//chapterl
//examplel .10

//pagel8
V=120 // V
R1=40 // ohm
R2=20 // ohm
R3=60 // ohm

//removing load , voltage across AB is

27
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1.6 kilo ohm

=5

Thewenin
cirzuit

Figure 1.6: Thevenin equivalent circuit

EO=R2*V/(R1+R2)

//replacing voltage source by short and removing
load , resistance across AB is
RO=R3+(R1*R2/(R1+R2))

//for maximum power transfer ; load must be equal to
resistance across AB so
R1=RO

P=E0"~2/(4*R1)

printf ("load resistance for maximum power transfer =
%.3f ohm \n” ,R1)

printf ("maximum power to load = %.3f W’ ,P)

28
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circuit

Figure 1.7: Load resistance for maximum power transfer

Scilab code Exa 1.11 Norton theorem

//chapterl
//examplel .11

//page20

R1=4 // ohm
R2=6 // ohm
R3=5 // ohm
R4=8 // ohm
v=40 // V

// load is removed and A and B are shorted
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load_source=R1+(R2*R3/(R2+R3))
source_current=V/load_source

norton_current=source_current*(R2/(R2+R3)) // short
circuit current in AB

printf ("shortcircuit current in AB = %.3f A \n”,
norton_current)

// load is removed and battery is replaced by a
short

norton_resistance=R3+(R1*R2/(R1+R2))

printf ("norton resistance= %.3f ohm \n”,
norton_resistance)

// equivalent circuit is norton current source in
parallel with norton resistance

I=norton_current*(norton_resistance/(
norton_resistance+R4)) // current through 8 ohm
resistance

printf (" current through 8ohm resistor = %.3f A”,I)

Scilab code Exa 1.12 Thevenin circuit and Norton circuit

// chapter 1
// example 1.12

// page 21

printf ("To find Norton equivalent circuit we need to
find \nNorton current I_N and Norton resistance
RN \n \n”)

30



for Norton resistance

Maorton circuit

Figure 1.8: Norton theorem
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Thewenin
circuit

Figure 1.9: Thevenin circuit and Norton circuit

printf (" If Thevenin resistnce = Ro and Thevenin
voltage = Eo then \n \n”)
printf ("To convert Thevenin circuit to Norton

circuit , \n”)

printf ("I_N=Eo/Ro and R.N=Ro \n \n”)

printf ("To convert Norton circuit to Thevenin
circuit , \n”)

printf ("Eo=I_N*R_N and Ro=R.-N \n”)
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Chapter 2

Electron emission

Scilab code Exa 2.1 Emission current of tungsten filament

//chapter 2
//example 2.1

//page 29

A=60.2d4 // ampere per square m per square kelvin
T=2500 // kelvin

phi=4.517 // eV

d=0.01d-2 // m

1=56d-2 // m

b=11600%phi
Js=A*T " 2%xexp(-b/T)
a=%pix*xdx1l

emission_current=Js*xa

printf (" emission current=%f A”,emission_current)
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Scilab code Exa 2.2 Work function of pure and contaminated tungsten

// Chapter 2

// example 2.2

// page 29

Js=0.1 // ampere per square cm

A=60.2 // ampere per square cm per square kelvin
T=1900 // kelvin

/] Js=AxT 2xexp(—b/T) so b=Txlog(Js/(AxT"2))
b=-T*log (Js/(A*T"2))

// b=11600%xphi so making phi as subject
phi=b/11600

printf ("work function=%f eV \n”,phi)
// the accurate answer is 3.521466
// but in the book it is mistakenly written as 3.56

if (2.63<phi & phi<4.52)
printf ("thoriated tungsten has work function
between 2.63e¢V to 4.52eV.\nSo sample is
likely to be thoriated tingsten”)
elseif (phi<=2.63 | phi>4.52)
printf (" tungsten is contaminated”) // for
pure tungsten , phi must be 4.52 exactly
else
printf ("tungsten is pure”) // phi=4.52 implies
tungsten 1is pure
end

34
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28 // please note that there is error in the answer of
work function phi in the book

29 // The correct answer is 3.521466 eV and not 3.56 eV
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Chapter 3

Vacuum tubes

Scilab code Exa 3.1 Plate voltage for desired plate current in a diode

//chapter3
//example3 .1

//pagedl

Ib1=10 // mA
Eb1=100 // V
Ib2=20 // mA

// Ib is proportional to Eb"(3/2)
// so we can say Ibl/Ib2 = Ebl1"1.5/Eb2°1.5
//thus we can write

log_Eb2=(2/3)*1og(Eb1"1.5%Ib2/Ibl)
Eb2=exp(log_Eb2)
printf ("required plate voltage = %.3f V’,Eb2)
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Scilab code Exa 3.2 Mutual conductance of triode

//chapter3
//example3 .2

//page4d9

mu=20
rp=8000 // ohm

gm=mu/rp // since mu=rpskgm

gm_micro=gm*x10"6 //micro mho

printf ("mutual conductance of triode = %f mho or %.3
f micro mho” ,gm,gm_micro)

Scilab code Exa 3.3 Static characteristic of vacuum triode

//chapter3
//example3 .3

//paged9

// for constant Ec=-1.5
Eb1=100 // V

Eb2=150 // V

Ib1=7.5d-3 // A
Ib2=12d-3 // A

Eb_diff=Eb2-Ebl
Ib_diff=Ib2-Ibl
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rp=Eb_diff/Ib_diff
rp_kilo_ohm=rp/10°3 //kilo ohm

printf (" plate resistance = %.3f ohm or %.3f kilo ohm
\n” ,rp,rp_kilo_ohm)

// for constant Eb=150
Ib1=5d-3 // A
Ib2=12d-3 // A

Ec1=-3 // V

Ec2=-1.5 // v

Ib_diff=Ib2-1Ibl
Ec_diff=Ec2-Ecl

gm=Ib_diff/Ec_diff

gm_micro_mho=gm*10°6 //micro mho

printf ("mutual conductance=).3f mho or %.3f micro
mho \n” ,gm,gm_micro_mho)

mu=rp*gm
printf ("amplification factor = %.3f{” ,mu)

//in book the answer of amplification factor i.e.
51.852 is rounded off to 52

Scilab code Exa 3.4 Plate current characteristic of triode

//chapter3
//example3 .4

//pageb0
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Eb=250 // V
Ec=-3 // V

// given that Ib=0.003%(Eb+30%Ec) 1.5 mA

// differentiating w.r.t Ec with Eb=constant , we get
gm=0.003%1.5%(Eb+30%Ec) ~0.5%x30%10" -3
mutual_inductance_micro=gm*1076

printf ("mutual conductance = %f mho or %.3f micro
mho \n” ,gm,mutual_inductance_micro)

// differentiating given equation w.r.t Ec with Ib=
constant , we get
// 0=0.003%10" —3%1.5%(Eb+Ec) "1.5%(mu+30) where mu is
equal to ratio of changes in Eb and Ec i.e.
amplification factor
// thus mu+30=0 hence we get
mu=-30
printf ("here negative sign of amplification
factor indicates that Eb and Ec are in
opposite direction. \n \n”)
// here we need not worry as to if mu may be
positive because the equation given in problem
statement will always give mu+30=0 i.e. mu=—30

printf (" amplification factor = %.3f \n”,mu)

rp=mu/gn

if rp<0 // rp can not be negative
rp=-rp

end

printf (" plate resistance = %.3f ohm \n”,rp)

//in book, the answers are less accurate. The
accurate answers are

// em=1707.630 micro mho

// plate resistance=17568.209 ohm
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Scilab code Exa 3.5 Tetrode vacuum tube

//chapter3
//example3 .5

//page58

// use of Rsg = to obtain desired potential on
screen grid since it is connected between power
supply and screen grid

// use of Csg = to provide ac grounding for the
screen

Ebb=300 // V
Ib=10d-3 // A
R1=4.7d43 // ohm
Rk=68 // ohm
Isg=3d-3 // A
Vsg=150 // V

cathode_voltage=Ebb-(Ib*R1l)
grid_cathode_bias=-Rk*(Ib+Isg) // since current
through cathode resistance is Ib+Isg
Rsg=(Ebb-Vsg)/Isg // since plate supply voltage =
grid voltage 4+ drop across Rsg
Rsg_kilo_ohm=Rsg/10°3 // in kilo ohm

printf ("zero signal plate cathode voltage = %.3f V \
n” ,cathode_voltage)

printf (" grid cathode bias = %.3f V \n”,
grid_cathode_bias)

printf (" Resistor Rsg = %.3f ohm or %.3f kilo ohm \n”

,Rsg ,Rsg_kilo_ohm)

40
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Chapter 4

Vacuum tube rectifiers

Scilab code Exa 4.1 dc and rms currents and rectification efficiency of half
wave rectifier

//chapterd
//exampled . 1

//page68

rp=300 // ohm
R1=1200 // ohm

Vm=200%2"0.5 //V
Im=Vm/(rp+R1)

Idc=Im/%pi // in ampere
Idc_mA=Idc*1000 // in mA
Irms=Im/2
Irms_mA=Irms*1000
Pdc=Idc"2*R1
Pac=Irms " 2*(rp+R1l)
efficiency=(Pdc/Pac)*100

printf ("dec current = %.3f A or %.3f mA \n”,Idc,

42
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Idc_mA)

printf ("rms current = %.3f A or %.3f mA \n”,Irms,
Irms_mA)

printf ("rectification efficiency = %.2f percentage”,
efficiency)

// accurate answer of rms current is 94.281 mA but
in book it is given as 94.5 mA

Scilab code Exa 4.2 ac voltage required and rectification efficiency of half
wave rectifier

//chapterd
//exampled .2

//page68

rp=200 // ohm
R1=800 // ohm
Edc=100 // V

// if maximum ac voltage required=Vm then
// Edc=IdcxRl i.e. Ede=Vm«RIl/(%pi*(rp+Rl1))
// thus

Vm=Edc*%pi*(rp+R1)/R1
efficiency=(0.406/(1+(rp/R1)))*100

printf ("required ac voltage = %.3f V \n”,Vm)
printf ("rectification efficiency = %.3f percentage”,
efficiency)
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Scilab code Exa 4.3 Ammeter and wattmeter readings of vacuum tube
half wave rectifier

//chapter4d
//example4 .3

//page69

Vm=1000 // V
rp=500 // ohm
R1=4500 // ohm

Im=Vm/(rp+R1l) // in A

Idc=Im/%pi // in A

Idc_mA=Idc*1000 // in mA

Irms=Im/2 // since ac current is equal to rms
current

Irms_mA=Irms*1000 // in mA

W=Irms " 2x(rp+R1l) // in watts

printf ("dc ammeter reading = %.3f A or %.3f mA \n”,
Idc,Idc_mA)

printf ("reading of ac ammeter = %.3f A or %.3f mA \n
7 Irms,Irms_mA)

printf ("reading of wattmeter = %.3f W ,W)

Scilab code Exa 4.4 ac power input and dc power output and rectification
efficiency of full wave single phase rectifier
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//chapter4d
//exampled .4

//pageT4

Vs=300 // V

rp=500 // ohm

R1=2000 // ohm
Vm=Vs*2-0.5 // in V
Im=Vm/(rp+R1) // A
Idc=2*%Im/%pi // A
Pdc=Idc"2%Rl // W
Irms=Im/2°0.5 //A
Pac=Irms 2% (rp+Rl) // W
efficiency=(Pdc/Pac)*100

printf (”dec power output = %.3f W \n”,Pdc)
printf ("ac power input = %.3f W \n”,Pac)
printf (" efficiency = %.2f percentage”,efficiency)

Scilab code Exa 4.5 dc and ac ammeter readings of full wave rectifier

//chapter4d
//example4d .5

//pageT4

Vm=1000 // V
rp=500 // ohm
R1=4500 // ohm

Im=Vm/(rp+R1) // in ampere
Idc=2*Im/%pi // in ampere
Idc_mA=Idc*1000 // in mA
Iac=Im/2°0.5 // in ampere

45
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ITac_mA=TIac*1000 // in mA

printf ("dc ammeter reading = %.3f A or %.3f mA \n”,

Idc,Idc_mA)

printf ("ac ammeter reading = %.3f A or %.3f mA”,Iac,

Tac_mA)
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Chapter 5

Vacuum tube amplifiers

Scilab code Exa 5.1 Voltage gain of triode amplifier

//chspterbh
//example5 .1

//page85

mu=20

rp=10 // kilo ohm
R1=15 // kilo ohm
Av=mux*R1/(rp+R1)

printf ("voltage gain = %.3f{”,Av)

Scilab code Exa 5.2 Voltage gain Load current and Output voltage of tri-
ode amplifier
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//chspterb
//exampleb .2

//page85

mu=20

rp=10 // kilo ohm
R1=15 // kilo ohm
Eg=3 // V

// the diagram in book is for understanding only.
Also we do not have a block of ”triode” in scilab
xcos. The figure is not required to solve the
problem .

Av=mux*R1/(rp+R1)
Ip=(mu*Eg/270.5) /(rp+R1l)
V_out=Ip*R1

printf ("voltage gain = %.3f \n”,Av)
printf ("load current = %.3f mA \n”,Ip)
printf ("output voltage = %.3f V’,V_out)

// the accurate answer for output voltage is 25.456V
but in book it is given as 25.35V

Scilab code Exa 5.3 Parameters of triode

//chapterb
//example5 .3

//page85

// for RI=50, Av=30
//for RI1=85, Av=34

48



© 00

10

12
13
14
15
16
17
18
19
20
21

22
23
24
25
26
27

N O U R W N =

// Av=muxRIl/(rp+Rl)
// thus
// Avsrp—muxRl=—Avxr]l

// substituting for RI=50 and RI=85 we get the

following linaer equations

// 30xrp—50%xmu=—1500 and
// 34%rp—85%mu=—2890
// solving by matrix

a=[30 34 ; -50 -85]
b=[-1500 -2890]
solution=b/a
mu=solution(1,2)

rp=solution(1,1) // in kilo ohms since RL was in

kilo ohm in the equations

gm_kilo_mho=mu/rp
gm=gm_kilo_mho /1000
printf ("mu = %.3f \n”,mu)

printf ("rp = %.3f kilo ohm \n”,rp)

printf ("gm = %.4f mho \n”,gn)

Scilab code Exa 5.4 AC power developed in load

//chapterb
//exampleb .4

//page86

mu=6
Eg=9 // V
rp=2400 // ohm
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R1=3000 // ohm

Ip=mu*Eg/(rp+R1l) // A
power=Ip~2%Rl1 // W

printf ("ac power in load = %.3f W’ ,power)

Scilab code Exa 5.5 Transformation ratio and power output

//chapterb
//example5 .5

//page95

rp=1000 // ohm
R1=10 // ohm
Eg=8 // V
mu=20

// the diagram in book is for understanding only.

Also we do not have a block of 7triode” in scilab

xcos. The figure is not required to solve the
problem .
// however, the equivalent circuit has been drawn
xcos for reference.

// since rp=n"2xRl for maximum power transfer so
n=(rp/R1) 0.5

// P_max=Ip "2«+RE where Ip=muxEg/(rp+RE) and RE=rp
// thus
P_max=((mux*xEg) ~2) /(4*rp)

printf ("transformation ratio n= %.2f \n”,n)
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R_E=n"2"R_L

Figure 5.1: Transformation ratio and power output

21 printf ("power supplied to speaker when signal is 8V
rms is = %.3f W ,P_max)
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Chapter 9

Semiconductor diode

Scilab code Exa 9.1 Check whether diodes are forward or reverse baised

//chapter9
//example9 .1

//pageld2

printf ("in fig. (i), the conventional current coming
out of battery flows in the \nbranch circuits.
In diode D1,the conventional current flows in the
\ndirection of arrowhead and hence this diode is
forward biased. \nHowever in diode D2, the
conventional current flows opposite \nto
arrowhead and hence this diode is reverse biased
An \n”)

printf ("in fig. (ii), During the positive half cycle
of input ac voltage, the \nconventional current
flows in the direction of arrowhead and hence
diode \nis forward biased. However, during the
negative half cycle \nof input ac voltage, the
diode is reverse biased.\n \n”)

printf ("in fig. (iii), During the positive half
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cycle of input ac voltage, the \nconventional
current flows in the direction of arrowhead in DI
but it flows \nopposite to arrowhead in D2. So
during positive half cycle, \ndiode DI is forward
biased and diode D2 is reverse biased. \nHowever
in the negative half cycle of the input ac
voltage , diode D2 \nis forward biased and diode
D1 is reverse biased.\n \n”)

8 printf(”in fig. (iv), During the positive half
cycle of input ac voltage, \nboth diodes are
reverse biased. However in the negative half
cycle of the \ninput ac voltage, both diodes are
forward biased.\n \n”)

Scilab code Exa 9.2 Peak current through diode and peak output voltage

1 //chapter9

2 //example9 .2

3 //pageldb

4

5 Vi_p=20 // V

6 rf=10 // ohm

7 R1=500 // ohm

8 Vo=0.7 // V

9 Vin=20 // V

10

11 // peak current through diode will occur when Vin=Vf
Yo)

12 Vf=Vin

13 // since VI{=Vo+If_peak (rf+Rl) making If_peak as

subject we get
14 If_peakl1=(Vf-Vo)/(rf+R1l) // in ampere
15 Vout_peakl=If_peakl*R1l
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Figure 9.1: Peak current through diode and peak output voltage

// for ideal diode, Vo=0 and

/] Vi=If_peakx*Rl so we get

If _peak2=Vf/Rl // in ampere

Vout_peak2=If_peak2*R1l

rf=0 so

printf ("peak current through given diode = %.3f mA
and peak output voltage = %.3f V \n”,If_peakl

*1000, Vout_peakl)

printf (" peak current through

ideal

diode = %.3f mA

and peak output voltage = %.3f V \n”,If_peak?2

*1000, Vout_peak?2)
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Scilab code Exa 9.3 Current through ideal diode

//chapter9
//example9 .3

//pageld6

R1=50 // ohm
R2=5 // ohm
v=10 // V

Eo=V*R2/(R1+R2) // thevenin voltage
Ro=R1*R2/(R1+R2) // thevenin resistance
I_D=Eo/Ro // current through diode in ampere

printf (" current through diode = %.3f mA \n”,I_D
*1000)

Scilab code Exa 9.4 Current through given resistor

//chapter9
//example9 .4

//pageld6
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Figure 9.2: Current through ideal diode

R=48 // ohm
R_D1=1 // ohm
R_D2=1 // ohm

// D1 and D3 are forward biased while D2 and D4 are
reverse biased thus

V_net=V-V_D1-V_D2

R_t=R_D1+R+R_D2

I=V_net/R_t

printf (" circuit current = %.3f mA \n”,I%*1000)
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03 is short

04 is open

Figure 9.3: Current through given resistor

Scilab code Exa 9.5 Current in given circuit

//chapter9
//example9 .5

//pageldT

E1=24 // V
E2=4 // V
Vo=0.7 // V
R=2 // kilo ohm

// diode D1 is forward biased and diode D2 is
reverse biased so

I=(E1-E2-Vo) /R

printf (" current in the circuit = %.3f mA \n”,I)
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Figure 9.4: Current in given circuit

Scilab code Exa 9.6 Simplified model of diode

//chapter9
//example9 .6

//pageldT

v=20 // V
V_D_Ge=0.3 // V

// when voltage is applied, Ge diode turns on first
and 0.3 V is maintained across circuit so Si
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Figure 9.5: Simplified model of diode

diode mnever turns on. So
9 V_A=V-V_D_Ge
10
11 printf ("voltage V_A at point A = %.3f V \n”,V_A)

Scilab code Exa 9.7 Simplified model of diode

//chapter9
//example9 .7

//pageld8

TU = W N =

v=10 // V
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Figure 9.6: Simplified model of diode

0
=2 // kilo ohm
// kilo ohm

// by Kirchoff voltage law we get

// —VD—I_D+*R.BC—2%I_D«R+V=0 thus making I.D as
subject we get

I_D=(V-V_D)/(R_BC+2%R)

V_Q=2xI_Dx*R

printf ("I.D = %.3f mA \n”,I_D)
printf ("V.Q = %.3f V \n”,v_Q)

60



© 00 N O U i W N

[ T = T T
U i W N = O

Scilab code Exa 9.8 Simplified model of diode

//chapter9
//example9 .8

//pageld8

5 //V
.5 // kilo ohm
=0.7 // V

< I <

=1
=0
_D
// both diodes are forward biased
I1=(V-V_D)/R

I_D1=I1/2

I_D2=I_D1

printf ("current through diode DI = %.3f mA and diode
D2 = %.3f mA \n”,I_D1,I_D2)

Scilab code Exa 9.9 Rectification efficiency

//chapter9
//example9.9

//pagelbl

P_dc=40 // W
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Figure 9.7: Simplified model of diode

P_ac=100 // W

efficiency=100*xP_dc/P_ac

printf ("rectification efficiency = %.3f percent \n \

n” ,efficiency)

printf ("remaining 60 watts are not lost. Crystal
diode consumes only a \nlittle power due to its

small internal

resistance. \nActualy 100 W ac

power is contained as 50 W in positive half \
ncycle and 50 W in negative half cycle.\nThe 50 W
of negative half cycle are not supplied at all.
\nThe 50 W of positive half cycle are converted

to 40 W \n”")
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Scilab code Exa 9.10 Output dc voltage and PIV

//chapter9
//example9 .10

//pagelb2

n=10
Vp=230 // V

Vpm=2"0.5*Vp
Vsm=Vpm/n // since n=Vpm/Vsm=NI1/N2

// Idc=Im/%pi and Vdec=IdcxRl so
// Vde=(Im/%pi)*«Rl .Also Im*RI=Vsm so
Vdc=Vsm/%pi

// in mnegative half cycle diode is reverse biased so
maximum secondary voltage appears across diode.
PIV=Vsm

printf ("output dec voltage = %.2f V \n”,Vdc)
printf ("peak inverse voltage = %.2f V \n” ,PIV)

// accurate answer for output dc voltage is 10.35 V
not 10.36 V

Scilab code Exa 9.11 Crystal diode in half wave rectifier
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//chapter9
//example9 .11

//pagelb2

rf=20 // ohm
R1=800 // ohm
Vm=50 // V

Im=Vm/(rf+R1) // in ampere
Idc=Im/%pi // in ampere
Irms=Im/2 // in ampere
Pac=Irms "2*(rf+R1)
Pdc=Idc"2*R1

Vout=Idc*R1
efficiency=100*xPdc/Pac

printf ("Im = %.1f mA \n”,Im*1000)

printf ("Idec = %.1f mA \n”,Idc*1000)

printf ("Irms = %.1f mA \n \n”,Irms*1000)

printf ("ac power input = %.3f W \n”,Pac)

printf ("dc power output = %.3f W \n \n”,Pdc)
printf ("dc output voltage = %.3f V \n \n”,Vout)
printf (" efficiency = %.3f percent \n”,efficiency)

Scilab code Exa 9.12 Required ac voltage

//chapter9
//example9 .12

//pagelb3
Vdc=50 // V

rf=25 // ohm
R1=800 // ohm
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// Vde=IdcxRl and Idc=Im/%pi so
// Vde=Imx*RI1/%pi

// but Im=Vm/(rf+RIl) so

// Vde=VmxR1/(%pi*(rf+R1))

// making Vm as subject we get

Vm=Vdc*%pi*(rf+R1)/R1

printf ("ac voltage required = %.1f V \n”,Vm)

Scilab code Exa 9.13 Mean and rms load currents

//chapter9
//example9 .13

//pagelbT7

rf=20 // ohm
R1=980 // ohm
Vs=50 // V

Vm=Vs*270.5

Im=Vm/(rf+R1)

Idc=2*Im/%pi // in ampere
Irms=Im/2°0.5 // in ampere

printf ("mean load current = %.3f mA \n”,Idc*1000)
printf ("rms load current = %.3f mA \n”,Irms*1000)
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Scilab code Exa 9.14 DC output voltage PIV and efficiency

//chapter9
//example9 .14

//pagelbT7

rf=0

n=5

Vp=230 // V rms
R1=100 //ohm

Vs=Vp/n // V rms

Vsm=Vs*2~0.5 // maximum voltage across secondary

Vm=Vsm/2 // maximum voltage across half secondary
winding

Idc=2*Vm/ (%pi*R1)

Vdc=Idc*R1

PIV=Vsm
efficiency=100%0.812/(1+rf/R1)

printf ("dc output voltage = %.3f V \n”,Vdc)
printf ("PIV = %.3f V \n” ,PIV)
printf (" efficiency = %.3f percent \n”,efficiency)

Scilab code Exa 9.15 DC output voltage PIV and output frequency

//chapter9
//example9 .15

//pagelb8

n=4
R1=200 // ohm
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fin=50 // Hz
Vp=230 // V rms

Vs=Vp/n // V rms
Vsm=Vs*2~0.5 // maximum voltage across secondary

Idc=2*Vsm/ (%pi*R1)
Vdc=Idc*R1
PIV=Vsm

// in full wave rectifier , output frequency is twice
input frequency since there are two ouput pulses
for each cycle of input

fout=2*fin

printf ("dc output voltage = %.3f V \n”,Vdc)
printf ("peak inverse voltage = %.3f V \n”,PIV)
printf ("output frequency = %.3f Hz”,fout)

// the accurate answer for dc output voltage is
51.768 V but in book it is given as 52 V

Scilab code Exa 9.16 DC output voltage and PIV for centre tap and bridge
circuit

//chapter9
//example9 .16

//pagelb8

// for dc output
// for centre—tap circuit
n=>5
Vp=230 // V rms
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37

R1=100 //ohm

Vs=Vp/n // V rms

Vsm=Vs*2~0.5 // maximum voltage across
secondary

Vm=Vsm/2 // maximum voltage across half
secondary winding

Vdc=2*Vm/%pi // since Vdc=Ildc*Rl and Idc=2x
Vm/ (%pixRI1)

// for bridge circuit

n_dash=5

Vp_dash=230 // V rms

R1_dash=100 //ohm

Vs_dash=Vp_dash/n_dash// V rms

Vsm_dash=Vs*2°0.5 // maximum voltage across
secondary

Vm_dash=Vsm_dash

Vdc_dash=2%Vm_dash/%pi // since Vdc=Idc*RI
and Idc=2+«Vm/(%pixRI)

// for same dc¢ output Vm must be same for both
circuits i.e. n=5 for centre—tap and n=10 for
bridge

// for centre—tap circuit

nl=5

Vsi=Vp/n1l // V rms

Vsm1=Vs1%2°0.5 // maximum voltage across
secondary

Vm1=Vsml/2

PIV1=2%Vm1l

// for bridge circuit

n2=>5

Vs2=Vp/n2 // V rms

Vsm2=Vs2%2°0.5 // maximum voltage across
secondary

Vm2=Vsm2/2
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PIV2=Vm2

printf ("dc output voltage for centre—tap circuit =
3 f V \n”,vdc)

printf ("dc output voltage for bridge circuit = %.3f
V \n \n”,Vdc_dash)

printf (" for same output, PIV for centre—tap circuit
= %.3f V and bridge circuit = %.3f V \n”,PIV1,
PIV2)

// the figure of transformer is for reference only.
Also it cannot be plotted in scilab since scilab
does not have centre—tap transformer

%

Scilab code Exa 9.17 Mean load current and power dissipated

//chapter9
//example9 .17

//pagel60

Vin=240 // V rms
R1=480 // ohm
rf=1 // ohm

Vm=Vin*2~0.5

// for bridge rectifier we know that
Im=Vm/(2*xrf+R1)

Idc=2*Im/%pi

Irms=Im/2

P=Irms " 2*xrf

printf ("mean load current = %.3f A \n”,Idc)
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printf ("power dissipated in each diode = %.3f

P)

// the accurate answers are mean load current =
0.448 A and power dissipated in each diode =

0.124 W

Scilab code Exa 9.18 Which is better power supply

//chapter9
//example9 .18

//pagel62

Vrms_A=0.
Vdc_A=10
Vrms_B=1
Vdc_B=25

/] V

/
v
v
v

~—
~— T T

ripple_A=Vrms_A/Vdc_A
ripple_B=Vrms_B/Vdc_B

if ripple_A>ripple_B

printf ("power supply B is better \n”)
elseif ripple_B>ripple_A

printf ("power supply A is better \n”)
else

printf ("both are equal \n”)
end
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Scilab code Exa 9.19 DC output voltage

//chapter9
//example9 .19
//pagel6h

// the waveform given in book is for understanding
only. It is not required to solve the problem.
Also it cannot be plotted in scilab unless Vm and
Vde are given.

R=25 // ohm
R1=750 // ohm
Vm=25.7 // V

Vdc_dash=2xVm/%pi
Vdc=Vdc_dash*R1/(R+R1)

printf ("voltage across load is %.3f V plus a small
ripple \n”,Vdc)

// the accurate answer is 15.833 V but in book it is
given as 15.9 V

Scilab code Exa 9.20 Output voltage Voltage drop and Zener current

//chapter9
//example9 .20

//pagelT0

R=5 // kilo ohm
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Figure 9.8: DC output voltage

R1=10 // kilo ohm
Ei=120 // V
Vz=50 // V

V=Ei*R1/(R+R1) // voltage across open circuit if
zener diode is removed

Vo=Vz // output voltage

V_R=Ei-Vz // drop across R

I1=Vz/R1 // load current

I=V_R/R // current through R

// by Kirchoff first law I=Iz+I1
Iz=I-1I1

printf ("output voltage = %.3f V \n”,Vo)

printf ("voltage drop across series resistance = %.3f

V \n”,V_R)

printf (" current through Zener diode = %.3f mA \n”,Iz
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Figure 9.9: Output voltage Voltage drop and Zener current

Scilab code Exa 9.21 Maximum and minimum zener current

//chapter9
//example9 .21

//pagelTl

Vmax=120 // V
Vmin=80 // V
Vz=50 // V

R_L=10 // kilo ohm
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R1=5 // kilo ohm

// zener diode is on for Vmax and Vmin both since
they are > Vz

// for max Iz
V_R1=Vmax-Vz
I=V_R1/R1 // current through Rl
I_L=Vz/R_L // current through load
// by Kirchoff first law I=I_L+Iz so applying it
we get
Iz_max=I-I_L

// for min Iz
V_R1_dash=Vmin-Vz
I_dash=V_R1_dash/R1// current through RI
I_L_dash=Vz/R_L // current through load
// by Kirchoff first law I=I_L+Iz so we get
Iz_min=I_dash-I_L_dash

printf ("maximum zener current = %.3f mA \n”,Iz_max)
printf ("minimum zener current = %.3f mA \n”,Iz_min)

Scilab code Exa 9.22 Required series resistance

//chapter9
//example9 .22

//pagelT2

Ei=12 // V
Vvz=7.2 // V
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Figure 9.10: Maximum and minimum zener current

Eo=Vz
Iz_min=104-3 // A
I1_max=1004-3 // A

// we see that R=(Ei—Eo)/(Iz—1I1) and minimum Iz
occurs when Il is maximum so
R=(Ei-Eo)/(Iz_min+Il_max)

printf ("required series resistance = %.3f ohm \n”,R)

// on inserting this series resistance the output
voltage will remain constant at 7.2 V

// the accurate answer is 43.636 ohm but in book it
is given as 43.5 ohm
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Scilab code Exa 9.23 Required series resistance

//chapter9
//example9 .23

//pagelT2

Ei=22 // V

vz=18 // V

R1=18 // ohm

Eo=Vz
Iz_min=2004-3 // A

// Zener current will be min when input voltage is
min

// load current is
I1l_max=Vz/R1

// we see that R=(Ei—Eo)/(Iz—I1) and minimum Iz
occurs when Il is maximum so
R=(Ei-Eo0)/(Iz_min+Il_max)

printf ("required series resistance = %.3f ohm \n”,R)

// on inserting this series resistance the output
voltage will remain constant at 18 V

Scilab code Exa 9.24 Required series resistance
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//chapter9
//example9 .24

//pagelT2

Ei=13 // V

vz=10 // V

Eo=Vz
Iz_min=15d4-3 // A
I1_max=85d4-3 // A

// Zener current will be min when input voltage is
min

/] we see that R=(Ei—Eo)/(Iz—11) and minimum Iz
occurs when Il is maximum so
R=(Ei-Eo0)/(Iz_min+I1l_max)

printf ("required series resistance = %.3f ohm \n”,R)

Scilab code Exa 9.25 Regulated output voltage and required series resis-
tance

//chapter9
//example9 .25

//pagelT3
Ei=45 // V
Vz1=15 // V

vz2=15 // V
I1z=2004-3 // current rating for each zener in ampere

Eo=Vz1+Vz2

77



12
13
14
15

© 00 J O U i W N

10
11
12
13
14
15
16
17

R=(Ei-Eo0)/Iz

printf ("regulated output voltage = %.3f V \n”,Eo0)

printf ("required series

resistance = %.3f ohm \n”,R)

Scilab code Exa 9.26 Required series resistance

//chapter9
//example9 .26

//pagelT3

Ei=45 // V
vz1=10 // V
vz2=10 // V
Vz3=10 // V

Iz=1000d-3 // current rating for

ampere
Eo=Vz1+Vz2+Vz3
R=(Ei-Eo0)/1Iz

printf ("required series

resistance = %.3f ohm \n”,R)

each zener 1in

// since zener diode is mnot available in xcos,
simple diodes are used to represent

in the circuit made

in Xcos

zener diode
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Figure 9.11: Required series resistance

Scilab code Exa 9.27 Range of input for Zener circuit

//chapter9
//example9 .27

//pagelT4

R=200 // ohm
R1=2000 // ohm
Eo=30 // V

// for minimum input voltage i.e. Iz=0

I1=Eo/R1l
I=I1 // since lz=0
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Vin_min=Eo+I*R

// for maximum input voltage i.e. I1z=25 mA
1z=25d-3 // A

I1_dash=Eo/R1l

I _dash=I1_dash+Iz

Vin_max=Eo+I_dash*R

printf ("minimum input voltage = %.3f V \n”,Vin_min)

printf ("maximum input voltage = %.3f V \n”,Vin_max)

printf ("thus range of input = %.3f to %.3f V \n”,
Vin_min,Vin_max)

Scilab code Exa 9.28 Design regulator and maximum wattage of zener

//chapter9
//example9 .28

//pagelT4

Ei=16 // V

vz=12 // V since we want to ragulate at 12 V
Eo=Vz

Iz_min=0 // A

I1_max=200d4-3 // A

// Zener current will be min when input voltage is
min

// we see that R=(Ei—Eo)/(Iz—I1) and minimum Iz
occurs when Il is maximum so
R=(Ei-Eo)/(Iz_min+I1l_max)

Izm=I1_max
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Pzm=Vz*xIzm

printf (" Zener voltage = %.3f V \n”,Vz)

printf ("required

series

resistance = %.3f ohm \n”,R)

printf ("maximum power rating of zener diode = %.3f W

\n”,Pzm)
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Chapter 10

Special purpose diodes

Scilab code Exa 10.1 Series resistor to limit current through LED

//chapter10
//examplel0.1

//pagel82
Vs=10 // V
vd=1.6 // V
I£=20d-3 // A
Rs=(Vs-Vd)/If

printf ("required series resistor = %.3f ohm”,Rs)

Scilab code Exa 10.2 Current through LED
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//chapter10
//examplel0 .2

//pagel83

Vs=15 // V

vd=2 // V
Rs=2.2d3 // ohm
If=(Vs-Vd)/Rs

printf ("current through LED = %.3f A or %.3f mA”,If,
If*x1000)

Scilab code Exa 10.3 Dark resistance

//chapter10
//examplel0 .3

//pagel87

//from graph, we see that for zero illumination , the
reverse current i.e. dark current is 50 micro
ampere

Ir=50d-6 // A
Vvr=10 // V

Rr=Vr/Ir

printf ("dark resistance = %.3f ohm or %.3f kilo ohm”
,Rr ,Rr/1000)
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Scilab code Exa 10.4 Reverse current through photo diode

//chapter10
//examplel0 .4

//pagel88

m=37.4 // microA /mW/cm"2
E=2.5 // mW/cm"2

//since reverse current = sensitivityxillumination
we can write

Ir=mx*E

printf ("reverse current = %.3f micro ampere”,Ir)

Scilab code Exa 10.5 Resonant frequency of LC tank circuit

//chapter10
//examplel0.5

//pagel92

L=1d-3 // H
C=100d4-12 // F

fr=1/(2%%pi*(L*C)~0.5)

printf ("resonant frequency = %.3f Hz or %.3f kHz”,fr
,fr/1000)

84



85



© 00 3 O U i W N

= e s e
U i W N = O

Chapter 11

Transistors

Scilab code Exa 11.1 Voltage amplification of common base transistor

//chapterll
//examplell .1

//page202

Rin=20 //ohm
Rout=100d3 //ohm
Rc=1d3 //ohm
signal=500d-3 //V

Ie=signal/Rin // A
Ic=1Ie

Vout=Ic*Rc
Av=Vout/signal

printf ("voltage amplification = %.2f \n”,Av)
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Figure 11.1: Voltage amplification of common base transistor

Scilab code Exa 11.2 Base current

//chapterll
//examplell .2

//page205

Ie=1 //mA
Ic=0.95 //mA

// since le=Ib+Ic we get
Ib=Ie-Ic

printf (" base current = %.3f mA \n”,Ib)
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Scilab code Exa 11.3 Base current

//chapterll
//examplell .3

//page205

alpha=0.9
Ie=1 //mA

// since alpha=Ic/le we get
Ic=alphaxIe

// since le=Ic+Ib we get
Ib=Ie-Ic

printf (" base current = %.3f mA \n”

,Ib)

Scilab code Exa 11.4 Find value of alpha

//chapterll
//examplell .4

//page205

Ic=0.95
Ib=0.05
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Ie=Ib+1Ic
alpha=Ic/Ie

printf (" amplification factor = %.3f \n”,alpha)

Scilab code Exa 11.5 Total collector current

//chapterll
//examplell .5

//page205

Ie=1 //mA
alpha=0.92
Icbo=50d-3 //mA
Ic=alphaxIe+Icbo

printf (" collector current = %.3f mA \n”,Ic)

Scilab code Exa 11.6 Base current

//chapterll
//examplell .6

//page205
alpha=0.95
V_Rc=2 // V
Rc=2 //kilo ohm
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Figure 11.2: Base current

Ic=V_Rc/Rc // mA

// since alpha=Ic/Ie
Ie=Ic/alpha

// since le=Ib+lc
Ib=Ie-1Ic

printf ("base current = %.3f mA \n”,Ib)

Scilab code Exa 11.7 Collector current and collector base voltage
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//chapterll
//examplell .7

//page206

Vbe=0.7 // V
Vcec=18 // V

Vee=8 // V

Rc=1.2 // kilo ohm
Re=1.5 //kilo ohm

// by Kirchoff ’s voltage law to emitter side loop,

we get Vee=lexRe+Vbe so
Ie=(Vee-Vbe)/Re
Ic=Ie // nearly

// by Kirchoff’s voltage law to collector side loop,

we get Vcece=lc*xRce=Vcb s
Vecb=Vcc-Icx*Rc

printf (" collector curent

O

= %.3f mA \n”,Ic)

printf (" collector base voltage = %3f V \n”,Vcb)

Scilab code Exa 11.8 Beta for various values of alpha

//chapterll
//examplell .8

//page209
alphal1=0.9
alpha2=0.98
alpha3=0.99

betal=alphal/(1-alphal)
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beta2=alpha2/(1-alpha2)
beta3=alpha3/(1-alpha3)

printf (" for alpha=0.9, beta=0t.1f \n”,betal)
printf (" for alpha=0.98, beta=%.1f \n” ,beta2)
printf (" for alpha=0.99, beta=.1f \n”,beta3)

Scilab code Exa 11.9 Emitter current of transistor

//chapterll
//examplell.9

//page210

gain_beta=50
Ib=20d-3 // mA

// since gain_beta = Ic/Ib we get
Ic=gain_betax*Ib
Ie=Ic+Ib

printf (" emitter current = %.3f mA \n”,Ie)

Scilab code Exa 11.10 Find collector current using given alpha and beta

//chapterll
//examplell.10

//page210

gain_beta=49
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Ib=240d-3 // mA
Ie=12 // mA

alpha=gain_beta/(l+gain_beta)
Ic=alphax*Ie // or lc=gain_betaxIb

printf (" collector current = %.3f mA \n”,Ic)

Scilab code Exa 11.11 Base current of transistor

//chapterll
//examplell .11

//page210

V_Rc=1
gain_beta=45
Rc=1 // kilo ohm

Ic=V_Rc/Rc
//since gain_beta=Ic/Ib
Ib=Ic/gain_beta

printf (”"base current = %.3f mA”,Ib)

Scilab code Exa 11.12 Collector emitter voltage and base current
//chapterll
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Figure 11.3: Base current of transistor

//examplell.12
//page210

Rc=800d-3 // kilo ohm
V_Rc=0.5 // V

Vce=8 // V

alpha=0.96

Vce=Vcc-V_Rc

Ic=V_Rc/Rc // mA
gain_beta=alpha/(1-alpha)
Ib=Ic/gain_beta

printf (" collector emitter voltage = %.3f V \n”,Vce)
printf (" base current = %.3f mA \n”,Ib)
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Scilab code Exa 11.13 Alpha base current and emitter current

//chapterll
//examplell .13

//page211l

Ic=1000 // micro ampere

// when emitter circuit is open, leakage current =
Icbo so

Icbo=0.2 // micro ampere

// when base is open, leakage current = Iceo so
Iceo=20 // micro ampere

//since Iceo=Icbo/(l1—alpha) we get
alpha=1-(Icbo/Iceo)

// since Ic=alphaxle+Icbo we get
Ie=(Ic-Icbo)/alpha
Ib=TIe-Ic

printf ("alpha = %.3f \n”,alpha)
printf (" emitter current = %.3f micro ampere \n”,Ie)
printf ("base current = %.3f micro ampere \n”,Ib)

Scilab code Exa 11.14 DC load line
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Figure 11.4: Alpha base current and emitter current

//chapterll
//examplell .14

//page218

Vcec=12.5 // V
Rc=2.5 // kilo ohm

// we know that Vce=Vcc—IcxRc
// when Ic=0, Vce=Vcc i.e. 12.5V
// when Vce=0, Ic=Vcc/Rec i.e.5mA

// so equation of load line becomes Ic=-0.4%xVce+h
x=linspace (0,12.5,5)

y=-0.4*x+5

clf ()

xtitle ("dc load line”,”Vce(volts)”,”Ic(mA)”)
plot2d(x,y,style=3,rect=[0,0,13,6])

96



leimA)

ot AUker O

dec load line

4 5 8 7 5 g 10 11 12

Weelvolts)

Figure 11.5: DC load line
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Figure 11.6: DC load line

Scilab code Exa 11.15 DC load line and Q point

//chapterll
//examplell .15

//page219

Vee=12 // V
Rc=6 // kilo ohm
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// we know that Vce=Vcc—Ic*Re
// when Ic=0, Vce=Vcc i.e. 12V
// when Vce=0, Ic=Vcc/Re i.e.2mA

// so equation of load line becomes Ic=—(1/6)*Vce+2
x=linspace(0,12,5)

y=-(1/6) xx+2

clf ()

xtitle ("dc load line”,”Vce(volts)”,”Ic(mA)”)
plot2d(x,y,style=3,rect=[0,0,13,6])

// for Q point
Ib=20d-3 // mA
gain_beta=50

Ic=gain_betax*Ib
Vce=Vcc-Icx*Rc

printf ("Q point = %.3f V and %.3f mA i.e. (%.3f,%.3f
) \n”,Vce,Ic,Vce,Ic)

Scilab code Exa 11.16 Operating point

//chapterll
//examplell .16

//page219

Vcc=10
Ic=1 // mA
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Rc1=4 // kilo ohm
Rc2=5 // kilo ohm

Vcel=Vcc-Icx*xRcl
Vce2=Vcc-Ic*xRc2

printf (" for collector load = 4 kilo ohm, operating
point is %.3f V,%.3f mA \n”,Vcel,Ic)
printf (" for collector load = 5 kilo ohm, operating

point is %.3f V,%.3f mA \n”,Vce2,Ic)

Scilab code Exa 11.17 Input resistance of transistor

//chapterll
//examplell.17

//page222

del_Vbe=200 //mV
del_Ib=100 // micro ampere

Ri=del_Vbe/del_Ib

printf ("input resistance = %.3f kilo ohm \n”,Ri)

Scilab code Exa 11.18 Output resistance of transistor

//chapterll
//examplell .18

//page222
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Vce2=10 // V
Vcel=2 // V
Icli=2 // mA
Ic2=3 // mA

del_Vce=Vce2-Vcel // V
del_Ic=Ic2-Icl // mA

Ro=del_Vce/del_Ic

printf ("output resistance = %.3f kilo ohm \n”,Ro)

Scilab code Exa 11.19 Voltage gain of amplifier

//chapterll
//examplell.19

//page223

Rc=2 // kilo ohm
Ri=1 // kilo ohm
gain_beta=50

// for single stage, R.AC=Rc so voltage gain becomes

Av=gain_beta*Rc/Ri

printf ("voltage gain = %.3f \n”,Av)

Scilab code Exa 11.20 Saturation and cutoff points
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//chapterll
//examplell.20

//page224

Vce=20 // V
Rc=1 // kilo ohm

// for saturation collector current, knee voltage
becomes 0V so we get
Ic_sat=Vcc/Rc

// it can be seen from the circuit that cut—off
voltage (i.e. when Ib=0) equals Vcc itself
Vce_cutoff=Vcc

// the equation of load line becomes Ic=—Vce+20

clf Q)

x=linspace (0,20,5)

y=-x+20

plot2d(x,y,style=3,rect=[0,0,21,21])

xtitle ("dc load line”,”Vce(volts)”,”Ic(mA)”)

printf ("saturation collector current = %.3f mA \n”,

Ic_sat)

printf ("cut—off collector emitter voltage = %.3f V \

n” ,Vce_cutoff)

Scilab code Exa 11.21 Maximum allowable collector current

//chapterll
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//examplell.21
//page225

Vce=20 // V
Pd=100 // mW

// since Pd=Vcexlc we get
Ic=Pd/Vce

printf ("maximum allowable collector

mA \n 7 ,Ic)

current = %.3f
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Chapter 12

Transistor biasing

Scilab code Exa 12.1 Maximum collector current and zero signal collector
current

// chapter 12
// example 12.1

// page 235

v_cc=6 // V
R_C=2.5 // kilo ohm

// for faithful amplification V_.CE should not be
less than V_.CC for Si transistor so

V_max=V_CC-1

I_max=V_max/R_C

// As negative and positive half cyces of input are
equal , change in collector current will be equal
and opposite so

I _min=I_max/2

printf ("Maximum allowable collector current = %.3f
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Figure 12.1: Maximum collector current and zero signal collector current

mA \n”,I_max)
printf ("Minimum zero signal collector current = %.3f
mA \n”,I_min)

// the circuit diagram is constructed on xcos and
its screenshot has been taken.

// the waveform given can not be obtained in xcos
unless we assume necessary values as data is
insufficient for plotting graph in scilab.

// so waveform is constructed as below

clf ()

x=linspace (1,5%%pi,100)

[t]l=sin(x)+1

plot(x,[t])

xtitle ("max and min allowable collector currents”,”t

’7,”i,C (H].A)”)

107



© 00 J O U i W N

= e s e
T i W N = O

© 00 J O U i W N

— =
= O

Scilab code Exa 12.2 Maximum input signal

//chapterl2
//examplel2 .2

//page236

Vece=13 // V
V_knee=1 // V
Rc=4 // kilo ohm
gain_beta=100

V_Rc=Vcc-V_knee

Ic=V_Rc/Rc

Ib=Ic/gain_beta

Vs=Ic/5 // since Ic/Vs = 5 mA/V given

printf ("maximum input signal voltage = %.3f V or %.3
f mV \n”,Vs,Vs*1000)

Scilab code Exa 12.3 Operating point and base resistance

//chapter12
//examplel2 .3

//page240

Vbb=2 // V

Vee=9 // V

Rc=2 // kilo ohm
Rb=100 // kilo ohm
gain_beta=50

// by Kirchoff voltage law on base side, we get Ibx
Rb+Vbe=Vbb so
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Ib=Vbb/Rb // Vbe is mnegligible
Ic=gain_betax*xIb

// by Kirchoff voltage law on collector side, we get
Ic*Rc+Vcece=Vcee so
Vce=Vcc-Icx*Rc

// now for Rb=50 kilo ohm
Rb2=50 // kilo ohm

// since Rb is halved, Ib is doubled so
Ib2=2%x1Ib

Ic2=Ib2*gain_beta

Vce2=Vcc-Ic2x*Rc

printf (" for Rb = 100 kilo ohm, collector current =%
.3f mA \nand collector emitter voltage = %.3f V \
n \n”,Ic,Vce)

printf ("for Rb = 50 kilo ohm, collector current = %
.3f mA \nand collector emitter voltage = %.3f V \
n”,Ic2,Vce2)

Scilab code Exa 12.4 DC load line and operating point

//chapter12
//examplel2 .4

//page241
Vece=6 // V

Rb=530 // kilo ohm
Rc=2 // kilo ohm
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Figure 12.2: Operating point and base resistance

gain_beta=100
Vbe=0.7 // V

// when Ic=0, Vce=Vcc i.e. Vce=6 and when Vce=0, Ic=
Vee/Re i.e. lc=6/2
// so equation of load line becomes Ic=-0.5%Vce+3

x=linspace (0,6,5)

y=-0.5*%xx+3
plot2d(x,y,style=3,rect=[0,0,7,4])

xtitle ("dc load line”,”Vce(volts)”,”Ic(mA)”)

// since Vce=IbxRb+Vbe we get
Ib=(Vcc-Vbe) /RDb
Ic=Ib*gain_beta

Vce=Vcc-Ic*Rc

printf ("the operating point is %.3f V and %.3f mA \n
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Figure 12.3: DC load line and operating point

7 Vece,Ic)

stability_factor=gain_beta+l

printf ("stability factor=%.1f \n”,stability_factor)
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Scilab code Exa 12.5 Base resistance and zero signal collector current

//chapter12
//examplel2.5

//page242

Vece=12 // V
gain_beta=100
Vbe=0.3 // V
Ic=1 // mA

// since gain_beta=Ic/Ib
Ib=Ic/gain_beta

// since Vce=IbxRb+Vbe we get
Rb=(Vcc-Vbe)/IDb

gain_beta2=50

// since Vce=IbxRb+Vbe we get
Ib2=(Vcc-Vbe)/Rb
Ic2=Ib2*gain_beta2

printf (" for beta = 100, base resistor = %.3f kilo
ohm \n”,Rb)
printf (" for beta = 50, zero signal collector current
for same Rb is = %.3f mA \n”,Ic2)
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Scilab code Exa 12.6 Three currents for given circuit

//chapterl2
//examplel2 .6

//page242

Vece=10 // V

R_B=1d3 // kilo ohm

R_E=1 // kilo ohm

Vbe=0 // since it is mnegligible
gain_beta=100

// by Kirchoff voltage law to base side we get Vce=
[_.B+*R_B4+Vbe+I_E*R_E

// but I_E=I_B4+I_.C and I.C=gain_betaxI_B

// so we get Vce=l_B*xR_B+Vbe+R_ExI_Bx(1+gain_beta)

// making I_.B as subject we get

(Vcc-Vbe) /(R_B+R_E*(1+gain_beta)) // in ampere
gain_betaxI_B // in ampere
=I_C+I_B // in ampere

I_B
I_C
I_E
printf (”base current = %.4f mA \n”,I_B)

printf (" collector current = %.4f mA \n”,I_C)
printf (" emitter current = %.4f mA \n” ,I_E)

Scilab code Exa 12.7 Required load resistance

//chapterl2
//examplel2 .7

//page243

v_cc=15 // V

113



© 00 N O

10

12
13
14
15
16
17
18
19

20

© 00 J O U i W N

—_ =
)

gain_beta=100

V_BE=0
V_CE=8

.6 /| V

/v

I_C=2 // mA

// here V.CC=V_CE4+I_CxR_.C so we get
R_C=(V_CC-V_CE)/I_C

I_B=I_C/gain_beta

// also V.CC=I_B*R_B+V_BE so we get
R_B=(V_CC-V_BE)/I_B

printf (" collector

)

resistance = %.3f kilo ohm \n” ,R_C

printf ("base resistance = %.3f kilo ohm \n”,R_B)

Scilab code Exa 12.8 Operating point

//chapter12
//examplel2 .8

//page245

v_cc=20 // V
R_B=100 // kilo ohm

R_C=1 // kilo ohm
.7 /] V

V_BE=0

gain_beta=100

// we know that R.B=(V.CC-V_BE-gain_betaxR.CxI_B)/

I_.B

so we get

114



Figure 12.4: Required load resistance

12 I_B=(V_CC-V_BE)/(R_B+gain_beta*R_C)

13

14 I_C=gain_betax*I_B

15

16 V_CE=V_CC-I_CxR_C

17

18 printf ("operating point is %.3f V, %.3f mA \n”,V_CE,

I_C)
19

20 // the accurate answer is 10.35V,9.65mA but in book
it is given as 10.4V,9.6mA

Scilab code Exa 12.9 Required feedback resistor and new operating point
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//chapterl2
//examplel2.9

//page245

v_cc=12 // V
gain_betal=100
gain_beta2=50
V_BE=0.3 // V
V_CE=8 // V
I_C=1 // mA

// here V.CC=V_CE4+I_CxR_.C so we get
R_C=(V_CC-V_CE)/I_C

I_B=I_C/gain_betal

// we know that R.B=(V.CC—V_BE—gain_betal*R.CxI_B)/
I_-B so
R_B=(V_CC-V_BE-gain_betal*R_C*I_B)/I_B

// for gain_beta=50 i.e. gain_beta?2

// we know that R_B=(V_.CC—V_BE—gain_beta2+«R._CxI_B)/
[.B so we get
I_B2=(V_CC-V_BE)/(R_B+gain_beta2*R_C)

I_C2=gain_betal2*I_B2

V_CE2=V_CC-I_C2*R_C

printf (" for beta=100,required base resistance = %.3f
kilo ohm \n”,R_B)

printf (" for beta=50,new operating point is %.3f V, %
.3f mA \n”,V_CE2,I_C2)
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Scilab code Exa 12.10 Base resistance

//chapter12
//examplel2.10

//page246
V_BE=0.7 // V
gain_beta=100
I_C=1 // mA
V_CE=2 /] V
I_B=I_C/gain_beta

// since V_CE=V_BE+V_CB we get
V_CB=V_CE-V_BE

R_B=V_CB/I_B

printf ("base resistance=%.3f kilo ohm \n” ,R_B)

Scilab code Exa 12.11 DC load line and operating point

//chapterl2
//examplel2.11

//page248

Vce=15 // V
Re=2 // kilo ohm
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Rc=1 // kilo ohm
gain_beta=100
Vbe=0.7 // V
R1=10 // kilo ohm
R2=5 // kilo ohm

// when Ic=0, Vce=Vcc i.e. Vce=6 and when Vce=0, Ilc=
Vee /(Re+Re) i.e. le=15/(1+42)
// so equation of load line becomes ITc=—(1/3)xVce+h

clf ()

x=linspace(0,15,5)

y=-(1/3) *x+5
plot2d(x,y,style=3,rect=[0,0,16,6])

xtitle ("dc load line”,”Vce(volts)”,”Ic(mA)”)

V2=Vcc*R2/(R1+R2) // voltage across R2 i.e. 5 kilo
ohm

Ie=(V2-Vbe) /Re

Ic=1Ie

Vce=Vcc-Ic*x(Rc+Re)

printf ("the operating point is %.3f V and %.3f mA \n
”? Vce,Ic)

Scilab code Exa 12.12 Operating point by thevenin theorem

//chapterl2
//examplel2.12

//page249
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Vece=15 // V

Re=2 // kilo ohm
Rc=1 // kilo ohm
gain_beta=100
Vbe=0.7 // V
R1=10 // kilo ohm
R2=5 // kilo ohm

Eo=Vcc*R2/(R1+R2)
Ro=R1*R2/(R1+R2)

printf ("thevenin voltage = %.3f V \n” ,Eo)
printf ("thevenin resistance = %.3f kilo ohm \n”,Ro)

// here Eo=IbxRo+Vbe+Iex*Re
// mow considering le=gain_betaxIb, and making Ib as
subject we get

// Ib=(Eo—Vbe) /(Ro+gain_betax*Re)

// lc=gain_betaxIb=gain_betax(Eo—Vbe)/(Rotgain_betax
Re)

// dividing numerator and denominator by gain_beta
we get

// lec=(Eo—Vbe) /(Re+Ro/gain_beta)

// Ro/gain_beta is mnegligible compared to Re so

Ic=(Eo-Vbe) /Re

Vce=Vcc-Ic*x(Rc+Re)

printf ("the operating point is %.3f V and %.3f mA \n
”? Vce,Ic)

Scilab code Exa 12.13 Value of collector current
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Figure 12.6: Operating point by thevenin theorem

//chapterl2
//examplel2.13

//page250

R1=50 // kilo ohm
R2=10 // kilo ohm
Re=1 // kilo ohm
Vece=12 // V
Vbe1=0.1 // V
Vbe2=0.3 // V

1 kila ohm

Thewvenin's circuit

V2=Vcc*R2/(R1+R2) // voltage across R2

// for Vbe=0.1 V
Ic1=(V2-Vbel) /Re

// for Vbe=0.3 V
Ic2=(V2-Vbe2) /Re
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printf (" for V.BE=0.1 V, collector current = %.3f mA
\n”,Icl)

printf (" for V.BE=0.3 V, collector current = %.3f mA
\n \n”,Ic2)

Vbe_change=100*%(Vbe2-Vbel)/Vbel

Ic_change=-100%(Ic2-Ic1)/Icl // negative sign since
Ic decreases

printf ("comment : if V_BE changes by %.5f percent , \
ncollector current changes by %.3f percent \n”,
Vbe_change ,Ic_change)

printf ("so collector current is independent of
transistor parameter variations \n”)

// the change in V.BE is 200 percent not 300 percent
.It is mistake in textbook

Scilab code Exa 12.14 Emitter current Collector emitter voltage and Col-
lector potential

//chapter12
//examplel2.14

//page251

Vcec=20 // V

Re=5 // kilo ohm

Rc=1 // kilo ohm

Vbe=0 // considering it as negligible
R1=10 // kilo ohm

R2=10 // kilo ohm

V2=Vcc*R2/(R1+R2)
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// since V2=Vbe+lexRe so
Ie=(V2-Vbe) /Re
Ic=1Ie

Vce=Vcc-Ic*x(Rc+Re)
Vc=Vcc-Ic*Rc

printf (" emitter current = %.3f mA \n”,Ie)
printf (" collector emitter voltage = %.3f V \n”,Vce)
printf (" collector potential = %.3f V \n”,Vc)

Scilab code Exa 12.15 R1 R2 and emitter resistance

//chapter12
//examplel2.15

//page252

R_C=2.2 // kilo ohm
v_cC=9 // V
gain_beta=50
V_BE=0.3 // V
I_C=2 // mA

V_CE=3 // V

I_B=I_C/gain_beta
I1=10*I_B

// 11=V_.CC/(R1+R2) so let Rt=R1+R2 thus we get
Rt=V_CC/I1

// by Kirchoff voltage law to collector side we get
/] V.CC=I_C+R_.C+V_CE4+I_ExR_E and also we have I.C=
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I.E so

/] V.CC=I_C+R_.C+V_CE+I_.C*xR_E so making R.E as
subject we get

R_E=((V_CC-V_CE)/I_C)-R_C // in kilo ohm

V2=V_BE+I_C*R_E // since V_E=I_CxR_E
R2=V2/1I1
R1=Rt-R2

printf (" emitter resistance = %.3f ohm \n” ,R_E*1000)
printf ("R1 = %3f kilo ohm \n”,R1)
printf ("R2 = %3f kilo ohm \n”,R2)

Scilab code Exa 12.16 R1 and collector resistance

//chapterl2
//examplel2.16

//page252

alpha=0.985
V_BE=0.3 // V
v_cc=16 /] V
V_CE=6 // V

I_C=2 // mA

R_E=2 // kilo ohm
R2=20 // kilo ohm

gain_beta=alpha/(1-alpha)
I_B=I_C/gain_beta

V_E=I_CxR_E

V2=V_BE+V_E
V1i=V_CC-V2
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I1=V2/R2
R1=V1/1I1

V_RC=V_CC-V_CE-V_E
R_C=V_RC/I_C

printf ("R1 = %.3f kilo ohm \n”,R1)
printf (" collector resistance = %.3f kilo ohm \n”,R_C

)

Scilab code Exa 12.17 Emitter current

//chapter12
//examplel2.17

//page253

Vce=15 // V

Re=2 // kilo ohm
Rc=1 // kilo ohm
gain_beta=100
Vbe=0.7 // V
R1=10 // kilo ohm
R2=5 // kilo ohm

Eo=Vcc*R2/(R1+R2)
Ro=R1*R2/(R1+R2)

printf ("thevenin voltage = %.3f V \n” ,Eo)
printf ("thevenin resistance = %.3f kilo ohm \n”,Ro)

// here Eo=IbxRo+Vbe+lexRe
// now considering le=gain_betaxIb, we can replace
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Figure 12.7: Emitter current

Ib=Ie/gain_beta
// Eo=(le/gain_beta)*Rot+Vbe+Ilex*xRe
// making le as subject we get
Ie=(Eo-Vbe)/(Re+Ro/gain_beta)

printf ("emitter current = %.3f mA \n”,Ie)

Scilab code Exa 12.18 R1

//chapter12
//examplel2.18

//page254
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// kilo ohm
// kilo ohm

V2=V_BE+I_Ex*R_E
I2=V2/R2

I1=I2+I_B
V1i=V_CC-V2
R1=V1/1I1

printf ("R1 = %.3f kilo ohm \n”,R1)

Scilab code Exa 12.19 Potential divider method of biasing

//chapter12

//examplel2.19

//page255

printf (” i) if R2 is shorted, base will be grounded.
[t will be \n left without forward bias and
transistor \n will be cutoff so output is zero
An \n”)

printf (” ii) if R2 is open,forward bias will be very
high. The \n collector current will be very
high and collector \n emitter voltage will be

very low. \n \n”)
printf (” iii) if R1 is shorted, transistor will be
in saturation \n due to excessive forward bias
The base will be at \n Vece and emitter will
be slightly below Vcc.\n \n”)
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printf (” iv) if Rl is open, transistor will be
without forward bias.\n Hence transistor will
be cutoff i.e. output will be zero. \n”)

Scilab code Exa 12.20 Check whether circuit is mid point biased

//chapterl2
//examplel2.20

//page256

Vce=8 // V

Rb=360 // kilo ohm
Rc=2 // kilo ohm
gain_beta=100
Vbe=0.7 // V

// when Ic=0, Vce=Vcc i.e. Vce=8 and when Vce=0, Ilc=
Vee/Re i.e. Ic=8/2
// so equation of load line becomes Ic=-0.5%xVce+4

clf ()

x=linspace (0,8,5)

y=-0.5*xx+4
plot2d(x,y,style=3,rect=[0,0,9,5])

xtitle ("dc load line”,”Vce(volts)”,”Ic(mA)”)

// since Vcce=Ib*Rb+Vbe we get
Ib=(Vcc-Vbe) /Rb
Ic=Ib*xgain_beta

Vce=Vcc-Icx*Rc
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Figure 12.8: Check whether circuit is mid point biased

printf ("the operating point is %.3f V and %.3f mA \n
7 Vce,Ic)
if Vce<Vcc/2+0.1 | Vce>Vcc/2-0.1 // check if V.CE is
nearly half of V.CC
printf (” circuit is mid—point biased \n”)
else
printf (" circuit is not mid—point biased. \n”)
end
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Scilab code Exa 12.21 Check whether circuit is mid point biased

//chapter12
//examplel2.21

//page257

v_cc=10 // V

R1=12 // kilo ohm
R2=2.7 // kilo ohm
V_BE=0.7 // V
R_E=180d4-3 // kilo ohm
R_C=620d-3 // kilo ohm

V2=V_CC*R2/(R1+R2)
I_E=(V2-V_BE)/R_E
I_C=I_E
V_CE=V_CC-I_C*(R_C+R_E)

printf ("the operating point is %.3f V and %.3f mA \n
”,V_CE,I_C)
if V_CE<V_CC/2+0.1 | V_CE>V_CC/2-0.1 // check if
V_CE is nearly half of V.CC
printf (" circuit is mid—point biased \n”)
else
printf (" circuit is not mid—point biased. \n”)
end

// the accurate answer for collector current is
6.315 mA but in book it is given as 6.33 mA
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Scilab code Exa 12.22 Base current

//chapter12
//examplel2 .22

//page257

v_cc=10 // V

R1=1.5 // kilo ohm
R2=0.68 // kilo ohm
R_E=0.24 // kilo ohm
V_BE=0.7 // V
beta_min=100
beta_max=400

V2=V_CC*R2/(R1+R2)
I_E=(V2-V_BE)/R_E
I_C=I_E

beta_avg=(beta_min*beta_max) 0.5
I_B=I_E/(beta_avg+1l)

printf (" base current = %f micro ampere \n”,I_B*1000)
// the accurate answer for base current is 50.151

micro ampere but in book it is given as 49.75
micro ampere
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Scilab code Exa 12.23 Collector cutoff current and percent change in zero
signal collector current

//chapter12
//examplel2.23

//page258

gain_beta=40
I_C1=2 // mA
t1=25 // degrees
t2=55 // degrees
I_CB01=5d-3 // mA

// for I.CBO=5 micro ampere at 25 degrees
I_CE01=(1+gain_beta)*I_CBO1

I_CB02=I_CBO1*2"((t2-t1)/10) // since it doubles
every 10 degrees. So for t2—tl, it becomes 2" ((t2
—t1)/10) times.

I_CE02=(1+gain_beta)*I_CB02

I_C2=I_CE02+I_C1

I_C_change=100%(I_C2-I_C1)/I_C1

// for I.CBO=0.1 micro ampere at 25 degrees
t1_dash=25 // degrees

t2_dash=55 // degrees

I_CBO1_dash=0.1d-3 // mA

I_Ci_dash=2 // mA

I_CB02_dash=I_CBO1_dash*2~((t2-t1)/10) // since it
doubles every 10 degrees. So for t2—tl, it
becomes 27 ((t2—t1)/10) times.

I_CEO0O2_dash=(1+gain_beta)*I_CB02_dash

I_C2_dash=I_CEO2_dash+I_C1_dash

I_C_change_dash=100*x(I_C2_dash-I_C1_dash)/I_C1l_dash

printf (" collector cutoff current = %.3f mA \n \n”,
I_CEO1)
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printf (" percent change in zero signal current given
that \nl_.CBO=5 micro ampere at 25 degree is = %.3
f percent \n \n”,I_C_change)

printf (" percent change in zero signal current given
that \nI.CBO=0.01 micro ampere at 25 degree is =
%.3f percent \n”,I_C_change_dash)

Scilab code Exa 12.24 Base current at given temperature

//chapter12
//examplel2 .24

//page259

alpha=0.99

I_E=1 // mA

t1=27 // degrees
t2=57 // degrees
I_CB01=0.02d-3 // mA

I_CB02=I_CBO1x*2"((t2-t1)/6) // since it doubles
every 6 degrees. So for t2—tl, it becomes 2" ((t2—
t1)/6) times.

C=alpha*xI_E+I_CB02
B=I_E-I_C

I_
I_

printf ("base current = %.1{ micro ampere” ,I_B*1000)

Scilab code Exa 12.25 Fault in given circuit
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//chapterl2
//examplel2.25

//page261

printf ("since base voltage is zero, it means that
there is no path \nfor current in the base
circuit. So the transistor will be off i.e. I.C
=0,I_E=0. \nSo V_.C=10V and V_E=0.\nSo obvious
fault is R1 is open.\n”)

Scilab code Exa 12.26 Fault in given circuit

//chapterl2
//examplel2 .26

//page261

R1=18 // kilo ohm
R2=4.7 // kilo ohm
Re=1 // kilo ohm

Vce=10 // V

V_B=Vcc*R2/(R1+R2)
printf (" voltage at base = %.3f V \n”,V_B)

printf ("The fact that V_.C=10V and V_E is nearly
equal to V.B reveals \nthat I.C=0 and I_.E=0.So

I .B drops to zero.So obvious fault is R.E is open

) \nn)
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Chapter 13

Single stage transistor
amplifiers

Scilab code Exa 13.1 Phenomenon of phase reversal

// chapter 13
// example 13.1

// page 272

Rc=4 // kilo ohm
Vece=10 // V
Ib_zero=104-3 // mA
Ib_max=15d-3 // mA
Ib_min=5d-3 // mA
gain_beta=100

Ic_zero=Ib_zero*gain_beta
Ic_max=Ib_max*gain_beta

Ic_min=Ib_min*gain_beta

Vc_zero=Vcc-Ic_zero*Rc
Vc_max=Vcc-Ic_max*Rc
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Vc_min=Vcc-Ic_min*Rc

printf ("As collector current increases from %.3f mA
to %.3f mA \noutput voltage decreases from %.3f V
to %.3f V \n”,Ic_zero,Ic_max,Vc_zero,Vc_max)

printf ("As collector current decreases from %.3f mA
to %.3f mA \noutput voltage increases from %.3f V
to %.3f V \n”,Ic_max,Ic_min,Vc_max,Vc_min)

printf (" Thus output voltage is 180 degrees out of
phase from input voltage \n”)

printf ("Note : \ni) input voltage and input current
are in phase \nii) input voltage and output

current are in phase \niii) output voltage is 180
degrees out of phase with input voltage\n”)

// plotting base current and collector current and

output voltage in same graph using following code
instead of xcos

clf O

x=linspace (0,2%%pi,100)

ib=6*sin(x)+10

ic=0.5*%xsin(x)+1

vc=-4*sin(x)+6

plot2d(x,ib,style=1,rect=[0,0,20,20])

xtitle (" base current (micro ampere) — Black
collector current (mA) —
Blue output voltage (V) — Green
7 , b2 t b2 )

plot2d(x,ic,style=2,rect=[0,0,20,20])
plot2d(x,vc,style=3,rect=[0,0,20,20])
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Figure 13.1: Phenomenon of phase reversal

Scilab code Exa 13.2 dc and ac load and collector emitter voltage and
collector current

// chapter 13
// example 13.2

// page 274

printf (”i)Refering to the Thevenin circuit , we see
that voltage source \nis short and resistances
except Rc and Re are bypassed.\nThus dc load = Rec

+ Re \n\n”)

printf (" Refering to ac equivalent circuit , Rc is
parallel with Rl.\nThus ac load = RcxRl/(Rc+RI1) \
n \n \n”)

printf (”ii)Since Vce=Vce+lc*(Rc+Re) we get \n max
Vce = Vee and max Ic = Vee/(Re+Re) \n \n \n”)
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Figure 13.2: dc and ac load and collector emitter voltage and collector current

8 printf(”iii)On applying ac signal, collector current
and collector emitter \nvoltage change about Q
point.\nMaximum collector current = Ic.\nMaximum
positive swing of ac collector emitter voltage =
[cxR.AC \n So total maximum collector emitter
voltage = Vcet+lc*R.AC \n\nMaximum positive swing
of ac collector current = Vce/R.AC so \nTotal
maximum collector current = Ic+Vce/RAC \n”)

Scilab code Exa 13.3 DC load line operating point and AC load line
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Figure 13.3: DC load line operating point and AC load line

// chapter 13
// example 13.3

// page 278

Vce=15 // V

Re=2 // kilo ohm
Rc=1 // kilo ohm
Rl1=1 // kilo ohm
Vbe=0.7 // V

// dc load line

// when Ic=0, Vce=Vcc i.e. Vce=15 and when Vce
=0, Ic=Vcc/(Rc+Re) i.e. lc=15/3

// so equation of load line becomes ITc=-—(1/3)x
Vece+15

clf ()

x=linspace(0,15,5)

y=-(1/3) *x+5

plot2d(x,y,style=3,rect=[0,0,16,6])

xtitle(”dc load line—green ac load line—
blue” ,” collector emitter voltage(volts)”,”
collector current (mA)”)

v2=5 // V

// since voltage across R2 is V2=5 V and V2=Vbe+
IexRe we get

Ie=(V2-Vbe) /Re

Ic=1Ie
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Vce=Vcc-Ic*x(Rc+Re)

printf ("the operating point
mA \n”,Vce, Ic)

// ac load line

is %.3f V and %.3f

R_AC=Rc*R1/(Rc+R1) // ac load
V_ce=Vce+Ic*R_AC // maximum collector emitter

voltage

I_c=Ic+Vce/R_AC // maximum collector current

// the equation of ac load line in terms of V_ce

and I_c¢ becomes
y=-(I_c/V_ce)*x+I_c
plot2d(x,y,style=2,rect=[0,0,10,20])

Scilab code Exa 13.4 DC and AC load lines

// chapter 13
// example 13.4

// page 279

Vce=20 // V
Re=0 // kilo ohm,
Rc=10 // kilo ohm
R1=30 // kilo ohm
Vbe=0.7 // V

Vce=10 // mV
Ic=1 // mA

since given as
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141




13
14
15
16

17

18
19
20
21
22
23

24
25
26
27
28

29
30

31

32
33

1

// dc load line

// when Ic=0, Vce=Vcc i.e. Vce=15 and when Vce
=0, Ic=Vcc/(Ret+Re) i.e. Ic=20/10 mA

// so equation of load line becomes Ic=-—(1/10)=x
Vce+2

clf ()

x=linspace (0,20,5)

y=-(1/10) *x+2

plot2d(x,y,style=3,rect=[0,0,21,6])

xtitle(”dc load line—green ac load line—
blue”,” collector emitter voltage(volts)”,”
collector current (mA)”)

// ac load line

R_AC=Rc*R1/(Rc+R1) // ac load

V_ce=Vce+Ic*R_AC // maximum collector emitter
voltage

I_c=Ic+Vce/R_AC // maximum collector current

// the equation of ac load line in terms of V_ce
and I_c becomes

x=linspace(0,V_ce,10)

y=-(I_c/V_ce)*x+I_c

plot2d(x,y,style=2,rect=[0,0,21,6])

Scilab code Exa 13.5 ac load line

// chapter 13
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// example 13.5
// page 280

printf ("operating point is (8V,1mA). During positive
half cycle of \nac signal collector current

swings from 1 mA to 1.5 mA \nand collector
emitter voltage swings from 8 V to 7 V.\nThis is
at A.During negative half cycle of \nac signal
collector current swings from 1 mA to 0.5 mA \
nand collector emitter voltage swings from 8 V to
9 V.\nThis is at B. \n \n”)

printf (" Note : When ac signal is applied, ac signal
collector current and \ncollector emitter voltage
variations take place about Q point. \nAlso,
operating point moves along load line.\n”)

clf O
x=linspace (-3*%pi,-%pi,10)
plot(x,-0.56*xsin(x)+1)

x=linspace(7,9,10)
plot (x,5-0.5%x)

x=linspace (-3*%pi,-%pi,10)

plot (-sin(x)+8,x)

plot (x,xgrid ())

xtitle(” collector current and collector emitter
voltage swings”,” collector emitter voltage (volts
)7 ,7 collector current (mA)”)

a=gca(); // Handle on axes entity

a.x_location = "origin’;

a.y_location = "origin”;

// Some operations on entities created by plot
a=gca();

a.isoview=’on’;

a.children // list the children of the axes : here
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it is an Compound child composed of 2 entities

polyl= a.children.children(2); //store polyline
handle into polyl

polyl.foreground = 4; // another way to change the
style ...

polyl.thickness = 3; // ...and the tickness of a
curve .

polyl.clip_state="off’ // clipping control

a.isoview=’off’;

Scilab code Exa 13.6 Voltage gain

//chapter13
//examplel3 .6

//page282

Rc=2 // kilo ohm
R1=0.5 // kilo ohm
Rin=1 // kilo ohm
gain_beta=60

R_AC=Rc*R1/(Rc+R1)
Av=gain_beta*R_AC/Rin

printf ("voltage gain = %.3f \n”,Av)

Scilab code Exa 13.7 Output voltage for given circuit
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//chapterl3
//examplel3 .7

//page282

Rc=10 // kilo ohm
R1=10 // kilo ohm
Rin=2.5 // kilo ohm
gain_beta=100

Vin=1 // mV

R_AC=Rc*R1/(Rc+R1)
Av=gain_beta*R_AC/Rin

// since Av=Vout/Vin we get
Vout=Av*Vin

printf ("output voltage = %.3f mV \n”,Vout)

Scilab code Exa 13.8 Various parameters for given transistor amplifier

//chapterl3
//examplel3 .8

//page282

del_Ib=10d-3 // mA
del_Ic=1 // mA
del_Vbe=0.02 // V
Rc=5 // kilo ohm
R1=10 // kilo ohm

Ai=del_Ic/del_Ib

Rin=del_Vbe/del_1Ib
R_AC=Rc*R1/(Rc+R1)
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Av=Ai*R_AC/Rin
Ap=AvxAi

printf (" current gain = %.3f \n”,Ai)

printf ("input impedence = %.3f kilo ohm \n” ,Rin)
printf ("ac load = %.3f kilo ohm \n” ,R_AC)

printf ("voltage gain = %.3f \n”,Av)

printf ("power gain = %.3f \n”,Ap)

// the accurate answer for voltage gain = 166.667
and for power gain = 16666.667 but in book they
are given as 165 and 16500 respectively.

Scilab code Exa 13.9 Output voltage for given circuit

//chapterl3
//examplel3 .9

//page283

Rc=3 // kilo ohm
R1=6 // kilo ohm
Rin=0.5 // kilo ohm
Vin=1 // mV
gain_beta=50

R_AC=Rc*R1/(Rc+R1)
Av=gain_beta*R_AC/Rin

// since Av=Vout/Vin we get
Vout=Av*Vin

printf ("output voltage = %.3f mV \n”,Vout)
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Scilab code Exa 13.10 Check operation of circuit

//chapterl3
//examplel3.10

//page283

Ri=1 // kilo ohm
R2=2 // kilo ohm
Vt=6 // V

Vb=Vt*R1/(R1+R2)

if Vb==
printf (" circuit is operating properly \n”)
else
printf (" circuit is not operating properly
because voltage at B should be %.1f V instead
of 4 V. \n”,Vb)

end

Scilab code Exa 13.11 AC emitter resistance

//chapterl3
//examplel3 .11

//page284

R1=40 // kilo ohm
R2=10 // kilo ohm
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Re=2 // kilo ohm
Vce=10 // V
Vbe=0.7 // V

V2=Vcc*R2/(R1+R2) //
Ve=V2-Vbe // voltage
Ie=Ve/Re
re_dash=25/1Ie

printf ("ac emitter resistance = %.3f ohm \n”,re_dash

)

voltage across R2

across Re

Scilab code Exa 13.12 Voltage gain

//chapterl3
//examplel3 .12

//page286

R1=150 // kilo ohm
R2=20 // kilo ohm
Re=2.2 // kilo ohm
Rc=12 // kilo ohm
Vcec=20 // V
Vbe=0.7 // V

V2=Vccx*xR2/(R1+R2) //
Ve=V2-Vbe // voltage
Ie=Ve/Re

voltage across R2

across Re

re_dash=1d-3*25/Ie // in kilo ohm

Av=Rc/re_dash

printf (" voltage gain

= %.3f \n”,Av)
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// the accurate answer is 360.642

Scilab code Exa 13.13 Voltage gain

//chapterl3
//examplel3.13

//page287

Rc=12 // kilo ohm
R1=6 // kilo ohm
re_dash=33.3d-3 // kilo ohm

R_AC=Rc*R1/(Rc+R1)
Av=R_AC/re_dash

printf ("voltage gain = %.3f \n”,Av)

// the accurate answer is 120.120

Scilab code Exa 13.14 Input impedence

//chapterl3
//examplel3 .14

//page288

R1=45 // kilo ohm
R2=15 // kilo ohm
Re=7.5 // kilo ohm
Vcc=30 // V
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Vbe=0.7 // V
gain_beta=200

V2=Vcc*R2/(R1+R2) // voltage across R2

Ve=V2-Vbe // voltage across Re

Ie=Ve/Re

re_dash=1d-3%25/Ie // in kilo ohm

Zin_base=gain_betax*re_dash

Zin=Zin_base*(R1*R2/(R1+R2))/(Zin_base+R1*R2/(R1+R2)
)

printf ("input impedence of amplifier circuit = %.3f
kilo ohm \n”,Zin)

// the accurate answer for input impedence is 3.701
kilo ohm but in book it is given as 3.45 kilo ohm

Scilab code Exa 13.15 Understanding of various parameters

//chapterl3
//examplel3 .15

//page289

printf (”i) Class A amplifier means that it raises
voltage level of signal and its \nmode of
operation is such that collector current flows
for whole input signal. \n \n”)

printf (”ii) Audio voltage amplifier means it raises
voltage level of audio signal \nand its mode of
operation is class A. \n \n”)

printf (7 1iii) Class B power amplifier means that it
raises power level of signal and its \nmode of
operation is such that collector current flows
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for half cycle of input signal only. \n \n”)
printf ("iv) Class A transformer coupled power

amplifier means that power amplification \nis

being done, coupling is by tranformer and mode of

operation is class A. \n”)

Scilab code Exa 13.16 Required input signal voltage

//chapterl3
//examplel3.16

//page290

Ao=1000

Rout=1 // ohm
R1=4 // ohm
Rin=2d3 // ohm
I12=0.5 // A

// here 12/11=AoxRin/(Rout+Rl) so
I1=I2*%(Rout+R1l)/(Ao*Rin)
Vi=I1*Rin // in V

printf ("required input signal voltage
Vix1d3)

= %.3f mV \n”,

Scilab code Exa 13.17 Output voltage and power gain
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Figure 13.7: Required input signal voltage

//chapter13
//examplel3 .17

//page291

Es=10d-3 // V
Rs=3d3 // ohm
Rin=7d3 // ohm
Rout=15 // ohm
R1=35 // ohm
Ao=1000

I1=Es/(Rs+Rin)

V1i=I1%*Rin
Av=Ao*R1/(Rout+R1)

// since V2/VI=Av, we get
V2=V1xAv

P2=V2"2/R1
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Figure 13.8: Output voltage and power gain

P1=V1"2/Rin
Ap=P2/P1

printf ("magnitude of output voltage = %.2f V \n”
printf ("power gain = %.2f \n”,Ap)

,V2)

Scilab code Exa 13.18 Required input signal voltage and current and power

gain

//chapter13
//examplel3.18
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//page292

Av=80

Ai=120

v2=1 // V
Rout=1 // ohm
R1=2 // ohm

Vi=V2/Av // in V

// Av=AoxRl/(Rout+Rl) and Ai=AoxRin/(Rout+Rl) so
// Av/Ai=RIl/Rin hence
Rin=R1*Ai/Av

I1=V1/Rin // in mA
Ap=Av*Ai

printf ("required signal voltage = %.2f mV and
current = %.2f micro ampere \n” ,V1*1d3,I1%1d3)
printf ("power gain = %.3f \n”,Ap)
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Chapter 14

Multistage transistor amplifiers

Scilab code Exa 14.1 Gain in db

//chapter 14
//example 14.1

//page 301

Av=20*10g10 (30)
Pv=10*x10g10(100)

printf ("voltage gain = %.3f db \n”,Av)
printf ("power gain = %.3f db \n”,Pv)

Scilab code Exa 14.2 Gain as a number

//chapter 14
//example 14.2
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//page 301

Ap1=40 // db
Ap2=43 // db

// since Ap = 10xloglO(power_gain), we get
power_gain1=10"(Ap1/10)
power_gain2=10"(Ap2/10)

printf ("power gain of 40 db = %.3f \n”,power_gainl)
printf ("power gain of 43 db = %.3f \n”,power_gain?2)

// the accurate answer for power gain of 43 db is
19952 but in book it is given as 20000 db

Scilab code Exa 14.3 Total voltage gain in db

//chapter 14
//example 14.3

//page 301

Av1=20%x10g10(100) // db
Av2=20%10g10(200) // db
Av3=20*10g10(400) // db
Av_total=Av1+Av2+Av3

printf ("total voltage gain = %.3f db \n”,Av_total)
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Scilab code Exa 14.4 Total gain of amplifier and resultant gain with neg-
ative feedback

//chapter 14
//example 14.4

//page 302

gain_abs=30
n=5

Ap1=10*logl0(gain_abs) // db
Ap_tot=Aplx*n
Ap_f=Ap_tot-10 // db

printf ("total power gain = %.3f db \n”,Ap_tot)
printf ("power gain with negative feedback = %.3f db
\n” ,Ap_£)

Scilab code Exa 14.5 Fall in gain

//chapter 14
//example 14.5

//page 302
P1=1.5 // W
P2=0.3 // W
Pi=10d4-3 // W

// power gain at 2 kHz
Ap1=10*10g10(P1/Pi)

// power gain at 20 Hz
Ap2=10%1og10(P2/Pi)
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Ap_diff=Apl-Ap2

printf (" fall in gain from 2 kHz to 20 Hz = %.3f db \

n”,Ap_diff)

Scilab code Exa 14.6 Output voltage of amplifier

//chapter 14
//example 14.6

//page 302

Av=15 // db
Vi=0.8 // V

// since db voltage gain Av=20xlogl0(V2/V1) making
V2 as subject we get

V2=V1%10~ (Av/20)

printf ("output voltage = %.2f V \n”,V2)

Scilab code Exa 14.7 Find minimum value of load resistance

//chapter 14
//example 14.7

//page 302

Ao_db=70 // db
Av_db=67 // db
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Rout=1.5 // kilo ohm

// since 20xlog(Ao)—20%log (Av)=Ao.db—Av_db we get

// 20xlog(Ao/Av) = Ao.db—Av_db so

// Ao/Av = 10" ((Ao-db—Av_db) /20)

// and also Ao/Av=1+Rout/Rl since Av/Ao=Rl/(RIl+Rout)

// so making Rl as subject we get
R1=Rout/ (10~ ((Ao_db-Av_db)/20) -1)

printf ("minimum value of load resistance = %.3f kilo
ohm \n” ,R1)

// the accurate answer is 3.636 kilo ohm

Scilab code Exa 14.8 Output voltage and load power

//chapter 14
//example 14.8

//page 303

gain_db=40 // db
Vin=10d-3 // mV
Rl=1 // kilo ohm

// we know that Vout/Vin=10"(gain_-db/20) so making
Vout as subject we get

Vout=Vin*10~(gain_db/20)

P_load=Vout "2/R1

printf ("output voltage = %.3f V \n”,Vout)
printf ("load power = %.3f mW \n” ,P_load)
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Scilab code Exa 14.9 Bandwidth and cutoff frequencies

// chapterl4
// exampleld .9

// page 303

// figure given in book is for reference only. It is
not required to solve the example since the
required details are very clearly specified in

the problem statement .
// moreover more data is needed to plot the graph
given in book.

Av_max1=2000 // for 2 kHz
Av_sqrt_2=1414 // for 10 kHz and 50 Hz

percent_Av_max1=70.7*Av_max1/100
printf ("70.7 percent of maximum gain 2000 is = %.3f
\n” ,percent_Av_max1)

if Av_sqrt_2==percent_Av_maxl

printf ("we observe that 70.7 percent of max gain
2000 is 1414 \n”)

printf (" this gain 1414 is at 50 Hz and 10 kHz \n”)

printf ("so bandwidth = 50 Hz to 10 kHz \n \n”)

printf ("since frequency on lower side at which gain
falls to \n70.7 percent is 50 Hz.So lower cutoff
frequency = 50 Hz \n \n”)

printf ("since frequency on upper side at which gain
falls to \n70.7 percent is 10 kHz.So upper cutoff
frequency = 10 kHz \n \n”)
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else printf(”"data is insuficient for finding
bandwidth and cutoff frequencies \n”)
end

Scilab code Exa 14.10 Overall gain for cascade stages

// chapterl4
// exampleld .10

// page 305

Rc=500 // ohm
Rin=1d3 // ohm

// gain of second stage is 60 since it has no
loading effect of any stage so

Av2=60

loadl=Rc*Rin/(Rc+Rin)

Avi=Av2*loadl/Rc

Av=Av1xAv2

printf ("total gain = %.3f \n”,Av)

printf ("comment : gain of one stage=60.So total gain
should be 60%60=%d but here it is %.3f.\nThis is
because of loading effect of input impedence of
second stage on first stage. \n” ,60%60,Av)

printf ("So gain of first stage decreases.\nHowever,
second stage has no loading effect of any next
stage.So its gain does not decrease. \n”)

// the accurate answer for total gain is 2400 but in
book it is given as 2397
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Scilab code Exa 14.11 Voltage gain of individual stages and overall volt-
age gain

// chapterl4
// exampleld .11

// page 306

Rin=1 // kilo ohm
Rc= 2 // kilo ohm
gain_beta=100

// since first stage has loading effect of input
impedence of second stage, we get effective load
of first stage as

R_AC=Rc*Rin/(Rc+Rin)

Avi=gain_beta*R_AC/Rin

// second stage has no loading effect so its gain
Av2=gain_beta*Rc/Rin
Av=Av1xAv2

printf ("voltage gain of first stage = %.3f \n”,Av1)
printf ("voltage gain of second stage = %.3f \n”,Av2)
printf ("total voltage gain = %.3f \n”,Av)

// the accurate answer for gain of first stage is
66.667 and total gain is 13333.33 but in book
they are given as 66 and 13200 respectively
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Scilab code Exa 14.12 Voltage gain of single stage

// chapterl4
// exampleld .12

// page 307

Rin=1d3 // ohm
Rc= 1043 // ohm
R1=100 // ohm
gain_beta=100

/] effective collector load is
R_AC=Rc*R1/(Rc+R1)
Av=gain_beta*R_AC/Rin

printf (" voltage gain = %.3f \n”,Av)

printf ("comment : load is only 100 ohm so efective
load of amplifier is too much reduced.\nThus
voltage gain is very small.\n”)

printf ("In such cases we can use a step down
transformer to serve the purpose. \n”)

Scilab code Exa 14.13 Biasing potential and replacement of coupling ca-
pacitor by a wire

// chapterl4
// exampleld .13

// page 307
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Vcec=20 // V

R3=10 // kilo ohm
R4=2.2 // kilo ohm
Rc=3.6 // kilo ohm

V_B=Vcc*R4/(R3+R4)

// replacing Cc by wire
Req=R3*Rc/(R3+Rc)
V_B2=Vcc*R4/(Req+R4)

printf (" biasing potential before replacing Cc = %.3f
V \n”,V_B)

printf (" biasing potential after replacing Cc = %.3f
V \n \n”,V_B2)

printf ("thus biasing potential of second stage
changes.\nThis could cause the transistor to
saturate and it would not work as amplifier.\n”)

printf (" Also, we see the use of coupling capacitor
to maintain \nindependent biasing potential for
each stage.\nThis allows ac output from one stage

to pass to next stage.\n”)

Scilab code Exa 14.14 Voltage gain of individual stages and overall volt-
age gain

// chapterl4
// exampleld .14

// page 308

Vece=15 // V
R1=22 // kilo ohm
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R2=3.3 // kilo ohm
R3=5 // kilo ohm
R4=1 // kilo ohm
R6=15 // kilo ohm
R6=2.5 // kilo ohm
R8=1 // kilo ohm
R3=5 // kilo ohm
R7=5 // kilo ohm
R1=10 // kilo ohm
gain_beta=200
Vbe=0.7 // V

// for second stage

V_R6=Vcc*R6/(R6+R5)

V_R8=V_R6-Vbe

I_E2=V_R8/R8 // emitter current in RS

re_dash2=25d-3/I_E2

Zin_base=gain_beta*re_dash2

Zin=R5*(R6*Zin_base/(R6+Zin_base))/(R5+(R6*xZin_base
/(R6+Zin_base)))

R_AC2=R7*R1/(R7+R1)

Av2=R_AC2/re_dash?2

// for first stage
V_R2=Vcc*R2/(R2+R1)

V_R4=V_R2-Vbe

I_E1=V_R4/R4 // emitter current in R4
re_dash1=25d-3/I_E1
R_AC1=R3*Zin/(R3+Zin)
Avi=R_AC1/re_dashl

Av=Av1xAv2

printf ("voltage gain of first stage = %.3f \n”,Avl)
printf ("voltage gain of second stage = %.3f \n”,Av2)
printf ("overall voltage gain= %.3f \n”,Av)

// the accurate answers are voltage gain of first
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stage = 52.616, voltage gain of second

192.381, overall voltage gain= 10122.329.
the answers are 53,191.4 and 10144

respectively

stage =
In book

Scilab code Exa 14.15 Turns ratio for maximum power transfer

//
//
//

chapterl4
exampleld .15
page 311

// for maximum power transfer , primary impedence
transistor output impedence and secondary
impedence = load impedence

Rp=
Rs=

1d3 // ohm
10 // ohm

// since Rp=(Np/Ns) 2xRs, making Np/Ns i.e. n

n=(

subject we get
Rp/Rs) ~(0.5)

printf ("required turn ratio = %d \n”,n)

if

els

els

end

n>1

printf ("transformer required is step down

tranformer \n”)
eif n<1

printf ("transformer required is step up

tranformer \n”)

e // n=1

printf ("transformer

is not required \n”)

as
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Scilab code Exa 14.16 Turns ratio for maximum power transfer and volt-

age across load

// chapterl4
// exampleld .16

// page 312

Vp=10 // V

// for maximum power transfer ,
output impedence of aource

Rp=10d3 // ohm
Rs=16 // ohm

primary

impedence

// since Rp=(Np/Ns) 2%«Rs, making Np/Ns i.e. n

subject we get
n=(Rp/Rs) " (0.5)

// since Vs/Vp=Ns/Np, making Vs as subject we get

Vs=(1/n)*Vp

printf ("required turn ratio = %d \n”,n)
printf ("voltage across external load = %.3f V \n”,Vs

)

as

Scilab code Exa 14.17 Turns ratio for maximum power transfer

// chapterl4
// exampleld . 17

// page 312
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Rp=300 //ohm
Rs=3 // ohm
Ro=3d3 // ohm

// since output resistance of transistor Ro=Rp+n”"2x
Rs for maximum power transfer , making n as
subject we get

n=((Ro-Rp)/Rs) ~0.5

printf ("turn ratio for maximum power transfer = %d \

n” ,Il)

Scilab code Exa 14.18 Required primary and secondary inductance

// chapterl4
// exampleld .18

// page 313

£=200 // Hz
Ro=10d3 // ohm, transistor output impedence
Zi2=2.5d3 // ohm, input impedence of next stage

// since Ro=2x%pixf*Lp, making Lp as subject we get
Lp=Ro/(2*%pixf)

// since Zi2=2x%pixfxLs, making Ls as subject we get
Ls=Zi2/(2x%pix*f)

printf ("primary inductance = %.1f H \n”,Lp)
printf ("secondary inductance = %.1f H \n”,Ls)
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Scilab code Exa 14.19 Required primary and secondary turns

// chapterl4
// exampleld .19

// page 313

L=10d-6 // H
N=1 // turn
Lp=8 // H
Ls=2 // H

// since L is proportional

K as subject we get
K=L/N"2

// Lp=K«Np~"2 so
Np=(Lp/K)~0.5

// Ls=KxNs"2 so
Ns=(Ls/K)~0.5

printf ("primary turns = %d \n” ,Np)
printf ("secondary turns = %d \n”,Ns)
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Chapter 15

Transistor audio power

amplifiers

Scilab code Exa 15.1 maximum collector current

//chapterlh
//examplelb .1

//page321

v=12 // V
P=2 // W

// since P=Vxlc we get
Ic_max=P/V // in ampere

printf ("maximum collector
Ic_max*1000)

current = %.3f mA \n”,
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Scilab code Exa 15.2 Maximum collector current

//chapterlh
//examplelh .2

//page321

v=12 // V
R=4 // kilo ohm

//since maximum collector current will flow when
whole battery voltgage is dropped across Rc, we
get

Ic_max=V/R

printf ("maximum collector current = %.3f mA \n”,
Ic_max)

Scilab code Exa 15.3 AC output voltage and current

//chapterl5
//examplelb .3

//page321

P=50 // W
R=8 // ohm

// since p=V"2/R we get
V=(P*R) 0.5
I=V/R

printf ("ac output voltage = %.3f V \n”,V)
printf ("ac output current = %.3f A \n”,I)
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Scilab code Exa 15.4 Output power input power and efficiency

//chapterlh
//examplelb .4

//page325

Vce=20 // V
Vbe=0.7 // V
Rb=1d3 // ohm
Rc=20 // ohm
gain=25

Ib=(Vcc-Vbe)/RDb
Ic=Ib*gain
Vce=Vcc-Icx*Rc

ib_peak=10d4-3
ic_peak=gain*ib_peak
Po_ac=ic_peak"2*Rc/2
P_dc=Vccx*Ic
eta=(Po_ac/P_dc)*100

printf ("operating point = %.3f V and %.3f mA \n”,Vce
,Ic*x1000)

printf ("output power = %.3f W \n” ,Po_ac)

printf ("input power = %.3f W \n” ,P_dc)

printf (" collector efficiency = %.3f percent \n”,eta)

// when Ic=0, Vce=Vcc i.e. Vce=8 and when Vce=0, lc=

Vee/Re i.e. 1¢=20/20
// so equation of load line becomes Ic=-50%Vce+1000
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Figure 15.1: Output power input power and efficiency

// plot the load line

clf ()

x=linspace (0,20,5)
y=-50%x+1000

plot2d(x,y,style=3,rect=[0,0,25,1100])
xtitle ("dc load line”,”Vce(volts)”,”Ic(mA)”)
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Scilab code Exa 15.5 Collector efficiency and power rating of transistor

//chapterlh
//examplelb .5

//page328

Pdc=10 // W
Po=4 // W

eta=(Po/Pdc) *100
// maximum power dissipation in a transistor occurs
under zero signal conditions so

P=Pdc

printf (" collector efficiency = %.3f percent \n”,eta)
printf ("power rating of transistor = %.3f W \n”,P)

Scilab code Exa 15.6 Maximum ac power output

//chapterlh
//examplelh .6

//page328
R1=100 // ohm

n=10
Ic=1004-3 // ampere
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Rl1_1=n"2%xR1
Pmax=0.5xIc"2xR1_1

printf ("maximum ac power output = %.3f W \n”,Pmax)

Scilab code Exa 15.7 AC power output power rating and collector effi-
ciency

//chapterlh
//examplelh .7

//page329

Vce=5 // V
Ic=50d-3 // ampere

Pac_max=Vcc*Ic/2
Pdc=Vccx*xIc
Pdis=Pac_max*2
eta=(Pac_max/Pdc) *100

printf ("maximum power output= %.3f mW \n”,Pac_max
*1000)

printf ("power dissipation = %.3f mW \n” ,Pdis*1000)

printf ("maximum collector efficiency = %.3f percent
\n” ,eta)

Scilab code Exa 15.8 Power transferred to loudspeaker and turns ratio
//chapterlh
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//examplelh .8
//page329

del_Ic=100d-3 // ampere
del_Vce=12 // V
R1=5 // ohm

//case 1 : louspeaker directly connected
V=del_TIc*R1
P=Vxdel_Ic

//case2 : loudspreaker transformer coupled

R_primary=del_Vce/del_Ic // for maximum power
transfer the primary resistance should be equal
to R

n=(R_primary/R1)°0.5

V_secondary=del_Vce/n

I1=V_secondary/R1

P_1=T1"2%*R1

printf (" casel : loudspeaker connected directly \n
power transferred to loudspeaker = %.3f mW \
n” ,P*x1000)
printf (" case2 : loudspeaker is transformer coupled \
n power transferred to loudspeaker = %.3f mW
\n” ,P_1%1000)

Scilab code Exa 15.9 Parameters for common emitter class A amplifier

//chapterlh
//examplelh .9

//page3d3l
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Vcc=17.5 // V
ic_max=35d-3 // ampere
ic_min=1d-3 // ampere
IC=18 // ampere
gain=100

vce_max=30 // V
vce_min=5 // V

R1=81.6 // ohm

IC=ic_min+((ic_max-ic_min) /2)
IB=IC/gain
VCE=vce_min+((vce_max-vce_min)/2)

Pdc=Vcc*IC
Vce=(vce_max-vce_min)/(2%¥2°0.5)
Ic=(ic_max-ic_min)/(2*x270.5)
Pac=VcexIc

eta=(Pac/Pdc) *x100

slope=(ic_max-ic_min)/(vce_min-vce_max)
R1_dash=-1/slope
n=(R1_dash/R1)"0.5

printf ("zero signal collector current = %.3f mA \n”,
IC*x1000)

printf (”zero signal base current = %.3f mA \n”,IB
*1000)

printf ("dc power = %.3f mW and ac power = %.3f mW \n
7 ,Pdc*1000,Pac*1000)

printf (" collector efficiency = %.3f percent \n”,eta)

printf ("transformer turn ratio = %.1f \n”,n)
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Scilab code Exa 15.10 Maximum ambient temperature

//chapterlh
//examplel5.10

//page333

P_total=4 // W
T_Jmax=90 // degree celcius
theta=10 // degree celcius per watt

// P_total=(T_Jmax—Tamb)/theta so making Tamb as
subject we get
Tamb=T_Jmax-P_total*theta

printf ("maximum ambient temperature at which
transistor can be operated = %.3f degree C \n”,
Tamb)

Scilab code Exa 15.11 Maximum permissible power dissipation

//chapterlh
//examplel5 .11

//page333

T_Jmax=90 // degree celcius
T_amb=30 // degree celcius

//case 1 : without heat sink
thetal=300 // degree celcius per watt
P_totall=(T_Jmax-T_amb)/thetal

//case 2 : with heat sink
theta2=60 // degree celcius per watt
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P_total2=(T_Jmax-T_amb)/theta?2

printf ("case 1 : without heat sink \n maximum
power dissipation = %.3f mW \n” ,P_totall1*1000)
printf ("case 2 : with heat sink \n maximum power

dissipation = %.3f mW \n” ,P_total2*1000)

Scilab code Exa 15.12 Allowed collector current

//chapterl5
//examplelb .12

//page334

T_Jmax=200 // degree celcius
T_amb1=25 // degree celcius
T_amb2=75 // degree celcius
theta=20 // degree celcius per watt
Vece=4 /) V

P_totall=(T_Jmax-T_ambl)/theta
Icl1=P_totall/Vcc

P_total2=(T_Jmax-T_amb2)/theta
Ic2=P_total2/Vcc

printf (" for ambient = 25 degree C, allowed collector

current = %.3f A \n”,Icl)

printf (" for ambient = 75 degree C, allowed collector

current = %.3f A \n”,Ic2)
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Chapter 16

Amplifiers with negative
feedback

Scilab code Exa 16.1 voltage gain with feedback

//chapter16
//examplel6 .1

//page34b

Av=3000
mv=0.01

AvEf=Av/(1+Av*mv)
printf ("voltge gain with negative feedback = %.3f \n
7, AvE)

// accurate answer is 96.774 but in book it is given
as 97
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Scilab code Exa 16.2 fraction of output fed back to input

//chapterl6
//examplel6 .2

//page346

Av=140
AvE=17.5

// since Avf=Av/(14+Avsmv), making mv as subject we
get

mv=_(Av/Avf-1)/Av

printf (" fraction of output fed back to input = %.3f
\n” ,mv)

Scilab code Exa 16.3 find required gain and feedback fraction

//chapterl6
//examplel6 .3

//page346

Av1=100
AvE1=50
AvE2=75

// since Avf=Av/(14+Avxmv), we get

mv=(Avl/Avfl-1)/Av1
Av2=AvE2/(1-mv*xAvEf2)
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printf (" fraction of output fed back to input = %.3f
\n” ,mv)

printf ("for overall gain = 75 and same fraction ,
required gain = %.3f \n”,Av2)

Scilab code Exa 16.4 gain without feedback and feedback fraction

//chapter16
//examplel6 .4

//page346

Vo=10
Vi=0.25
Vif=0.5

Av=Vo/Vi
Avf=Vo/Vif

// since Avf=Av/(14+Avxmv), we get
mv=(Av/Avf-1)/Av

printf (" fraction of output fed back to input = %.3f
\n” ,mv)

Scilab code Exa 16.5 reduction in gain with and witout feedback

//chapterl6
//examplel6 .5
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//pageddT

Av=50
Avf=25

// since Avi=Av/(1+Avsmv), we get
mv=_(Av/Avf-1)/Av

// without feedback , gain falls from 50 to 40
Av1=50

Av2=40

reduction1=100*(Avl-Av2)/Avl

// with feedback

Av3=25

Avd=Av2/(1+mv*Av2)
reduction2=100* (Av3-Av4)/Av3

printf (" percentage reduction in gain : \n with
feedback = %.3f percent \n ”,reductionl)
printf (" without feedback = %.3f perent”,reduction?2)

Scilab code Exa 16.6 percent change in gain

//chapterl6
//examplel6 .6

//pageddT

Av=100
mv=0.1

AvEf=Av/(1+Av*mv)
mv=(Av/AvEf-1)/Av
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--rexec('C:\Users\kavan\Desktop\Principles of electronics\CH16\Ex16 T\Exlé_T.sce', -1)
Ivolt,age gain with negative feedback = 47.368

-1

Figure 16.1: Voltage gain with negative feedback

// fall in gain is 6dB so 20log (Av/Avl)=6
// making Avl as subject we get
Avi=Av/exp(6xlog(10) /20)
Avf_new=Av1/(1+Avi*mv)
change=100* (Avf -Avf_new) /Avf

printf (" percentage change in gain = %.3f percent \n”

,change)

// the accurate answer is 8.297 percent but
it 1s given as &8.36 percent

Scilab code Exa 16.7 Voltage gain with negative feedback

//chapterl6
//examplel6 .7

//page348

A0=1000
Rout=100 // ohm
R1=900
mv=1/50

Av=A0x*R1/(Rout+R1)
Avf=Av/(1+Av*mv)
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Figure 16.2: Voltage gain with negative feedback

12 printf(”voltage gain with negative feedback = %.3f \
n” ,Avf)

13

14 // the accurate answer is 47.368 but in book it is
given as 47.4

Scilab code Exa 16.8 overall gain and output voltage

//chapterl6
//examplel6 .8

//page3bl

ENENGURE
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Av=10000

R1=2 // kilo ohm
R2=18 // kilo ohm
vi=1 // mV

mv=R1/(R1+R2)
AvEf=Av/(1+Av*xmv)
Vout=Avf*Vi

printf (" feedback fraction

printf ("voltage gain with negative feedback = %.1f \

n” ,Avf)

printf ("output voltage = %.1f mV \n”,Vout)

= %.1f \n” ,mv)

Scilab code Exa 16.9 parameters for given circuit

//chapterl6
//examplel6 .9

//page3bl

Av=10000

R1=10 // kilo ohm

R2=90 // kilo ohm
Zin=10 // kilo ohm
Zout=1004-3 // kilo ohm

mv=R1/(R1+R2)
AvE=Av/(1+Av*mv)
Zin_dash=(1+Av*mv)*Zin
Zout_dash=Zout/(1+Av*mv)
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printf (" feedbackfraction = %.1f \n”,mv)

printf ("voltage gain with negative feedback = %.1f \
n” ,Avf)

printf ("input impedence with feedback = %.3f kilo
ohm or %.3f mega ohm \n”,Zin_dash,Zin_dash/1000)

printf ("output impedence with feedback = %f kilo ohm
or %.3f ohm \n”,Zout_dash,Zout_dash*1000)

Scilab code Exa 16.10 distortion of amplifier with feedback

//chapter16
//examplel6.10

//page352

Av=150

D=5/100

mv=10/100

Dvf=100*D/(1+Av*mv) // in percent

printf (" distortion of amplifier with negative
feedback = %.3f percent” ,Dvf)

Scilab code Exa 16.11 cutoff frequencies
//chapterl6
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//examplel6.11
//page352

Av=1000

mv=0.01

f1=1.5 // kHz
£2=501.5 // kHz

f_1f=f1/(1+Av*mv)
f_2f=f2*x(1+mv*Av)

printf ("new lower cutoff frequency with negative
feedback = %.3f kHz or %.3f Hz \n” ,f_1f,f_1f
*1000)

printf ("new upper cutoff frequency with negative
feedback = %.3f kHz or %.3f MHz \n”,f_2f ,f_2f
/1000)

// the accurate answers are 136.364 Hz and 5.516 MHz
but in book they are given as 136.4 Hz and 5.52
MHz respectively

Scilab code Exa 16.12 effective current gain

//chapterl6
//examplel6 .12

//page3b3

Ai=200
mi=0.012

Aif=Ai/(1+mix*Ai)
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printf (" effective current gain of amplifier = %.3f \
n” ,Aif)

Scilab code Exa 16.13 input impedence of amplifier

//chapterl6
//examplel6.13

//page3b4

Zin=15// kilo ohm
Ai=240

mi=0.015
Zin_dash=Zin/(1+mix*Ai)

printf ("input impedence with negative feedback = %.3
f kilo ohm \n”,Zin_dash)

Scilab code Exa 16.14 output impedence of amplifier

//chapterl6
//examplel6.14

//pagedbb

Zout=3 // kilo ohm
Ai=200

mi=0.01
Zout_dash=Zout*(1+mi*Ai)
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printf ("output impedence with negative
.3f kilo ohm \n”,Zout_dash)

feedback =%

Scilab code Exa 16.15 bandwidth of amplifier

//chapterl6
//examplel6.15

//page3bb
BW=400 // kHz
Ai=250
mi=0.01

BW_dash=BWx* (1+mix*Ai)

printf (”Bandwidth with negative feedback = %.3f kHz

\n” ,BW_dash)

Scilab code Exa 16.16 dc load line

//chapterl6
//examplel6.16

//page3b6

Vce=18 // V
R1=16 // kilo ohm
R2=22 // kilo ohm
Vbe=0.7 // V
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Re=910d-3 // kilo ohm

V2=Vcc*R2/(R1+R2)
Ve=V2-Vbe
Ie=Ve/Re

printf ("voltage across Re = %.3f V \n”,Ve)

printf ("emitter current = %.3f mA \n”,6Ie)

clf ()

x=linspace (0,18,100)
y=-(19.78/18) *x+19.78
xtitle ("dc load line”,”Vce(volts)”,”Ic(mA)”)

plot2d(x,y,style=3,rect=[0,0,19,20])

Scilab code Exa 16.17 voltage gain of emitter follower

//chapter16
//examplel6.17

//pagedbT

Vce=10 // V

Ri= 10 // kilo ohm
R2=10 // kilo ohm
Vbe=0.7 // V
Re=5000 // ohm

V2=Vcc*R2/(R1+R2)
Ve=V2-Vbe

Ie=Ve/(Re/1000) // in mA

re_dash=25/1e¢
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Av=Re/(re_dash+Re)

printf ("voltage gain = %.3f \n”,Av)

Scilab code Exa 16.18 voltage gain of emitter follower

//chapterl6
//examplel6.18

//page3b8

Re=5d3 // ohm
R1=5d3 // ohm
re_dash=29.1 // in ohm, from example 16_17

Re_dash=Re*R1/(Re+R1l)
Av=Re_dash/(re_dash+Re_dash)

printf ("voltage gain = %.3f \n”,Av)

Scilab code Exa 16.19 input impedence of emitter follower

//chapterl6
//examplel6.19

//page3b9

Vce=10 // V
Ri= 10 // kilo ohm
R2=10 // kilo ohm
Vbe=0.7 // V
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Re=4.3 // kilo ohm
gain_beta=200
R1=10 // kilo ohm

V2=Vcc*R2/(R1+R2)

Ve=V2-Vbe

Ie=Ve/Re

re_dash=25/1Ie

Re_dash=Re*R1/(Re+R1)

Zin_base=gain_beta*(re_dash+Re_dash)

Zin=Zin_base*x(R1*R2/(R1+R2))/(Zin_base+R1*R2/(R1+R2)
)

printf ("input impedence = %.3f kilo ohm \n”,Zin)

// the accurate answer is 4.996 kilo ohm but in book
it is given as 4.96 kilo ohm

Scilab code Exa 16.20 output impedence of emitter follower

//chapterl6
//examplel6.20

//page361

R1=3d3 // ohm
R2=4.7d3 // ohm
Rs=600 // ohm
re_dash=20// ohm
gain_beta=200

Rin_dash=R1*(R2*Rs/(R2+Rs))/(R1+(R2*Rs/(R2+Rs)))

Zout=re_dash+Rin_dash/gain_beta
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Chapter 17

Sinusoidal oscillations

Scilab code Exa 17.1 Frequency of oscillations for radio

//chapterl?
//examplel7 .1

//page3T5h

L1=58.6d-6 // H
€1=300d-12 // F

f=1/(2%%pi*(L1%C1)~0.5)
printf (" frequency of oscillations = %.3f Hz or %.3f
kHz” ,£,£/1000)

// in book the answer is 1199 kHz but the accurate
answer is 1200.358 kHz

Scilab code Exa 17.2 Colpitt oscillator
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//chapterl?
//examplel7 .2

//page3T7

C1=0.001d-6 // F
€2=0.01d-6 // F
L=15d-6 // H

Ct=C1*C2/(C1+C2) // since both are in series

£f=1/(2%%pi*(L*Ct)"0.5)
mv=C1/C2

printf ("operating frequency = %.3f Hz or %.3f kHz \n
7 ,f,£/1000)
printf (" feedback function = %.3{” ,mv)

//in book the answer given is 1361 kHz but accurate
answer is 1362.922 kHz

Scilab code Exa 17.3 Hartley oscillator

//chapterl?
//examplel7 .3

//page379
L1=1000d-6 // H
L2=100d-6 // H
M=20d-6 // H
c=20d-12 // F

Lt=L1+L2+2xM
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f=1/(2%%pi*(Lt*C)~0.5)

mv=L2/L1

printf ("operating frequency = %.3f Hz or %.3f kHz \n

7,£,£/1000)

printf (" feedback function = %.3f{” ,mv)

//in book the answer is 1052 kHz but the accurate

answer 1s 1054.029 kHz

Scilab code Exa 17.4 Phase shift oscillator

//chapterl?
//examplel7 .4

//page381

R=1d6 // ohm
c=68d-12 // F

fo=1/(2%%pi*R*C*(6) ~0.5)

printf (" frequency of oscillations = %.3f Hz”,fo)

// in book the answer given is 954 Hz

accurate answer

1s

955.511 Hz

but the

Scilab code Exa 17.5 Wien bridge oscillator

//chapterl?
//examplel7.5
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//page382

R=220d43 // ohm
c=250d-12 // F

f=1/(2*%pi*R*C)
printf ("frequency of oscillations = %.3f Hz”,f)

//in book the answer given is 2892 Hz but the
accurate answer is 2893.726 Hz

Scilab code Exa 17.6 Frequency and thickness of crystal

//chapterl?
//examplel7 .6

//page387

// frequency is inversely proportional to thickness
// so if thickness is reduced by 1%, frequency
increases by 1%

printf (" If thickness of crystal is reduced by 1
percent , then \nfrequency is increased by 1
percent \nbecause frequency is inversely
proportional to thickness \n”)

Scilab code Exa 17.7 Series and parallel resonant frequency
//chapterl?
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//examplel7 .7
//page387

L=1 // H
€=0.01d-12 // F
Cm=20d4-12 // F

fs=1/(2x%pi*(L*C)~0.5)
Ct=C*Cm/(C+Cm)
fp=1/(2%%pi*(L*xCt) ~0.5)

printf (" series resonant frequency = %.3f Hz or %.3f
kHz\n” , fs,£s/1000)

printf (" parallel resonant frequency = %.3f Hz or %.3
f kHz\n” ,fp,fp/1000)

// in book the answer given is 1589 kHz for series
resonant frequency but the accurate answer is
1591.549 kHz

// in book the answer given is 1590 kHz for parallel

resonant frequency but the accurate answer is

1591.947 kHz
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Chapter 18

Transistor tuned amplifiers

Scilab code Exa 18.1 Parameters of parallel resonant circuit

//chapterl8
//examplel8.1
//page396
L=1.25d-3 // H
c=250d-12 // F
R=10 // ohm

fr=(((1/(L*C))-(R"2/L"2))°0.5) /(2*%pi)
Zr=L/(C*R)
Q=2*x%pixfr*xL/R

printf ("resonant frequency of circuit = %.3f Hz or %
.3f kHz \n” ,fr,fr/1000)
printf ("impedence of circuit at resonance = %.3f ohm

or %.3f kilo ohm \n”,Zr,Zr/1000)
printf (" quality factor of the circuit = %.3{7,Q)
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Scilab code Exa 18.2 Parameters of parallel resonant circuit

//chapterl8
//examplel8 .2

//page396

L=100d-6 // H
c=100d-12 // F
R=10 // ohm

v=10 // V

fr=(((1/(L*xC))-(R"2/L"2))"0.5) /(2x%}pi)

Zr=L/(C*R)

I1=V/Zr

printf ("resonant frequency of circuit = %.3f Hz or %
.3f kHz \n” ,fr,fr/1000)

printf (”impedence of circuit at resonance = %.3f ohm

or %.3f kilo ohm or %.3f mega ohm\n”,Zr,Zr/1000,
Zr/1d6)

printf (”"line current = %.4f ampere or %.3f micro
ampere” ,I1,I%1d6)

// the accurate answer for resonant frequency is
1591.470 kHz

Scilab code Exa 18.3 Bandwidth and cutoff frequency for tuned amplifier
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//chapterl8
//examplelT7 .3

//page398

fr=1200 // kHz
Q=60

BW=fr/Q
fi=fr-(BW/2)
f2=fr+(BW/2)

printf ("bandwidth = %.3f kHz \n” ,BW)
printf ("lower cut—off frequency = %.3f kHz \n”,f1)
printf ("upper cut—off frequency = %.3f kHz \n”,£f2)

Scilab code Exa 18.4 Resonant frequency and  and bandwidth of tuned
amplifier

//chapterl8
//examplel8 .4

//paged01

L=33d-3 // H
C=0.1d-6 // F
R=25 // ohm

fr=1/(2*x%pi*(L*C)~0.5)
X1=2*}pi*xfr*L

Q=X1/R

BWw=fr/Q

printf ("resonant frequency = %.3f Hz or %.3f kHz \n”
,fr,fr/1000)
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printf (" quality factor = %.3f \n”,Q)
printf ("bandwidth = %.3f Hz \n”,BW)

// the accurate answer for bandwidth is 120.572 Hz
but in book it is given as 120 Hz

// the accurate answer for quality factor is 22.978
but in book it is given as 23

Scilab code Exa 18.5 coefficient of coupling for double tuned circuit

//chapterl8
//examplel8.5

//paged02

BW=200 // kiz
fr=10d3 // kHz

k=BW/fr

printf ("co—efficient of coupling = %.3f \n”,k)

Scilab code Exa 18.6 Resonant frequency and ac and dc loads for given
circuit

//chapterl8
//examplel8 .6

//paged05
L=50.7d-6 // H
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c=500d-12 // F
R=10 // ohm
R1=1d6 // ohm

fr=1/(2%%pi*x(L*C)~0.5)
R_dc=R

X1=2*}pix*xfr*L

Q=X1/R

Rp=Q*X1
R_ac=Rp*R1/(Rp+R1)

printf ("resonant frequency = %.3f Hz or %.3f kHz \n”
,fr,fr/1000) // amswer in book is incorrect

printf ("dc load = %.3f ohm \n”,R_dc)

printf ("ac load = %.3f ohm or %.3f kilo ohm \n”,R_ac
,R_ac/1000)

// in book the aswer for resonant frequency is 106
Hz which is incorrect
// the correct answer is 999.611 kHz

// the accurate answer for ac load is 10.038 kilo
ohm

Scilab code Exa 18.7 ac load and maximum load power for given circuit

//chapterl8
//examplel8 .7

//paged06

Vce=50 // V
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Figure 18.1: Resonant frequency and ac and dc loads for given circuit

Np=5

Ns=1

R=50 // ohm
R_ac=(Np/Ns) "2*R
Po=Vcc~2/R_ac

printf ("ac load = %.3f ohm \n”,R_ac)
printf ("maximum load power = %.3f W \n”,Po)
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Chapter 19

Modulation and demodulation

Scilab code Exa 19.1 Modulation factor

//chapter19
//examplel9 .1

//paged16

// the figure in book is for reference only as
equations for Ec and Es are already explained in
the theory in the book.

printf (”Ec=(Vmax+Vmin) /2 \n”)

printf (" Es=(Vmax—Vmin) /2 \n”)

printf ("But, Es=mxEc \n”)

printf ("So (Vmax—Vmin) /2 = mx*(Vmax+Vmin) /2 \n”)
printf ("thus, m = (Vmax—Vmin) /(Vmax+Vmin) \n”)

Scilab code Exa 19.2 Modulation factor
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//chapter19
//examplel9 .2

//paged16

// figure is given in book for understanding purpose
only.It is not required for solving the example
as maximum and minimum peak voltages are given in
the problem statement itself.

Vmax_pp=16 // mV
Vmin_pp=4 // mV

Vmax=Vmax_pp/2
Vmin=Vmin_pp/2

m=(Vmax-Vmin)/(Vmax+Vmin)

printf ("modulation factor = %.3f \n”,m)

Scilab code Exa 19.3 modulation factor

//chapterl9
//examplel9 .3

//pagedl7

Es=50 // V
Ec=100 // V

m=Es/Ec

printf (" modulation factor = %.3f \n”,m)
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Scilab code Exa 19.4 Required bandwidth for RF amplifier

//chapterl9
//examplel9 .4

//paged19

fc=2500 // kHz
fs_min=0.05 // kHz
fs_max=15 // kHz

upper_sideband_min=fc+fs_min
upper_sideband_max=fc+fs_max

lower_sideband_min=fc-fs_min
lower_sideband_max=fc-fs_max

BW=upper_sideband_max-lower_sideband_max

printf ("lower sideband is from %.3f to %.3f kHz \n”,
lower_sideband_min,lower_sideband_max)

printf ("upper sideband is from %.3f to %.3f kHz \n”,
upper_sideband_min ,upper_sideband_max)

printf (" Bandwidth for RF amplifier = %.3f kHz \n”,BW
)

Scilab code Exa 19.5 Frequency components and amplitudes in AM wave
//chapterl9
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//examplel9 .5
//paged20

/] v=b%(14+0.6%cos (6280*t))*sin (211d4*t) V

// compare with v=Ecx*(l4+mkcos (wsx*t))*xsin(wc*t) we
get

Ec=56 // V

m=0.6

fs=6280/(2*%pi) // Hz

fc=211d4/(2x%pi) // Hz

Vmin=Ec-m*Ec
Vmax=Ec+m*Ec

f1=(fc-£s) /1000 // in kHz
£f2=fc/1000 // in kHz
£3=(fc+fs) /1000 // in kHz

Vi=mx*Ec/2
V2=Ec
V3=m*Ec/2

printf ("minimum amplitude = %.3f V and maximum
amplitude = %.3f V \n”,Vmin, Vmax)

printf (" frequency components = %.1f kHz, %.1f Hz, %

1fkHz \n”,f1,£2,£3)

printf ("amplitudes of components = %.3f V, %.3f V, %

3f V \n”,v1,vV2,V3)

// in book there is error of 0.2 kHz in every
frequency component. The accurate answers are

334.8,335.8,336.8 kHz
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Scilab code Exa 19.6 Frequency and amplitude of sideband terms

//chapter19
//examplel9 .6

//paged20

fc=1000 // kHz
fs=5 // kHz
m=0.5

Ec=100 // V

lower_sideband=fc-fs
upper_sideband=fc+fs
amplitude=m*Ec/2

printf ("lower and upper sideband frequencies = %.3f
kHz and %.3f kHz \n”,lower_sideband,
upper_sideband)

printf ("amplitude of each sideband term = %.3f V \n”
,amplitude)

Scilab code Exa 19.7 Power of sidebands and modulated wave

//chapter19
//examplel9 .7

//paged22

Pc=500 // W

m=1

Ps=0.5*m~2*Pc
Pt=Pc+Ps
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printf (”sideband power = %.3f W \n”,Ps)
printf ("power of modulated wave = %.3f W \n” ,Pt)

Scilab code Exa 19.8 Total sideband power

//chapter19
//examplel9 .8

//paged22

m1=0.8
m2=0.1
Pc=50 // kW

Ps1=0.5*ml1 " 2*Pc
Ps2=0.5*%*m2 " 2*Pc

printf (" for m=0.8, sideband power = %.3f kW \n”,Ps1)
printf (" for m=0.1, sideband power = %.3f kW \n”,Ps2)

Scilab code Exa 19.9 Carrier power after modulation and audio power

//chapterl9
//examplel9 .9

//paged22

// block diagram is for understanding purpose inly .
It is not required to solve the example

m=1

eta=0.72
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Figure 19.1: Carrier power after modulation and audio power

// carrier is not affected by modulating signal so
its power level remains unchanged before and
after modulation

Pc=40 // kW

Ps=0.5*m"2*Pc

P_audio=Ps/eta

printf (" carrier power after modulation = %.3f kW \n”
,Pc)
printf ("required audio power = %.3f kW \n” ,P_audio)

Scilab code Exa 19.10 Sideband frequencies and bandwidth
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//chapter19
//examplel9.10

//paged23

fc=500 // kHz
fs=1 // kHz

lower_sideband=fc-fs
upper_sideband=fc+fs
BW=upper_sideband -lower_sideband

printf (”"sideband frequencies = %.3f kHz and %.3f kHz
\n”,lower_sideband ,upper_sideband)
printf (”bandwidth required = %.3f kHz \n”,BW)

Scilab code Exa 19.11 Antenna current

//chapter19
//examplel9.11

//paged23

m=0.4

Ic=8 // A

// Pt=Pc+Ps and Ps=0.5%xm"2xPc so Pt=Pcx*(14+m"2/2)

// so Pt/Pc=1+m"2/2 but P is proportional to I"2 so
// (It/lc) 2=1+m"2/2 and thus we get

It=Ic*x(1+m~2/2) 0.5

printf ("antenna current for m=0.4 is = %.3f A \n”,It
)
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Scilab code Exa 19.12 Percentage modulation

//chapterl9
//examplel9.12

//paged24

It=8.93 // A
Ic=8 // A

// we know that (It/Ic)"2=1+m"2/2 so making m as
subject we get
m=(2*%((It/Ic)"2-1))"0.5

printf ("modulation factor = %.3f or %.3f percent \n”
,m,m*100)

Scilab code Exa 19.13 Modulation index

//chapter19
//examplel9 .13

//paged24

Vt=110 // V
Vc=100 // V

// since Pt/Pc=1+4m"2/2 and P is proportional to V"2

we get (Vt/Vc) 2=1+m"2/2
// making m as subject we get

218



10
11
12
13

© 00 J O Ut i W N =

—_
]

—_
—_

12
13
14
15
16
17
18
19
20
21

22

m=(2*x((Vt/Vc)~"2-1))"0.5

printf ("modulation factor = %.3f or %.3f percent \n”
,m,m*x100)

Scilab code Exa 19.14 Sideband components and total power

//chapterl9
//examplel9 .14

//paged24

Ve=5 // V
V_lower=2.5 // V
V_upper=2.5 // V
R=2 // kilo ohm

// figure given in book is just for understanding
purpose. It is not a part of solution.

// however , the figure has been made in xcos and
screenshot has been attached for reference

// since power=(rms voltage) 2/R we get

Pc=(0.707*Vc) "2/R
P_lower=(0.707xV_lower) "2/R
P_upper=(0.707*V_upper) "2/R
Pt=Pc+P_lower+P_upper

printf ("power delivered by carrier = %.3f mW \n” ,Pc)

printf ("power delivered by lower sideband = %.3f mW
\n” ,P_lower)

printf ("power delivered by upper sideband = %.3f mW
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Figure 19.2: Sideband components and total power

\n” ,P_upper)
23 printf(”total power delivered by AM wave = %.3f mW \
n”,Pt)
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Chapter 20

Regulated dc power supply

Scilab code Exa 20.1 Percentage voltage regulation

//chapter20
//example20 .1

//paged3T

V_NL=400 // V
V_FL=300 // V

regulation=((V_NL-V_FL)/V_FL)=*100

printf (" percent voltage regulation = %.3f percent \n

7

,regulation)

-->exec ('C:\Users\kavan\Desktop\Principles of electronics\CH20\Ex20 1\Ex20 1.sce', -1)
ercent voltage regulation = 33.333 percent

-

Figure 20.1: Percentage voltage regulation
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Scilab code Exa 20.2 Full load voltage

//chapter20
//example20 .2

//paged3T7

V_NL=30 // V
regulation=1

// since regulation=((V.NL-V_FL)/V_FL)%100, we get
V_FL as

V_FL=100%V_NL/(100+regulation)
printf (” full load voltage = %.3f V \n”,V_FL)

Scilab code Exa 20.3 Better power supply

//chapter20
//example20 .3

//paged37

// for power supply A

V_NL1=30 // V

V_FL1=25 // V
regulationl=((V_NL1-V_FL1)/V_FL1)*100
//for power supply B
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V_NL2=30 // V
V_FL2=29 // V

regulation2=((V_NL2-V_FL2)/V_FL2)*100

printf ("regulation for power supply A =%.3f percent
\n” ,regulationl)

printf ("regulation for power supply B =%.3f percent
\n” ,regulation?2)

if regulationl>regulation2 then
printf ("thus, power supply B is better \n”)
elseif regulation2>regulationl then
printf ("thus, power supply A is better \n”)
else printf ("both are equally good \n”)
end

Scilab code Exa 20.4 Voltage regulation and minimum load resistance

//chapter20
//example20 .4

//paged38

V_NL=500 // V

V_FL=300 // V

I_FL=120 // mA
regulation=((V_NL-V_FL)/V_FL)*100
Rl_min=V_FL/I_FL

printf ("voltage regulation = %.3f percent \n”,
regulation)
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printf ("minimum load resistance = %.3f kilo ohm \n”,
Rl_min)

Scilab code Exa 20.5 Various currents for Zener regulator

//chapter20
//example20 .5

//pageddl

Vin=24 // V
Vout=12 // V
Rs=160 // ohm
R1_min=200 // ohm

Is=(Vin-Vout)/Rs // in ampere

// minimum load occurs when Rl tends to infinity so
I1_min=0

// maximum load occurs when R1=200 ohm
I1_max=Vout/Rl_min // in ampere

Iz_min=Is-Il_max // in ampere
Iz_max=Is-Il_min // in ampere

printf (" current through series reistance = %.3f mA \
n \n”,Is*x1000)

printf ("minimum load current = %.3f mA \n”,Il_min
*1000)

printf ("maximum load current = %.3f mA \n”,Il_max
*1000)

printf ("minimum zener current = %.3f mA \n”,Iz_min
*1000)
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25 printf ("maximum zener current = %.3f mA \n \n”,
Iz_max*1000)

26

27 printf ("comment : current Is through Rs is constant
\nAs load current increases from 0 to 60 mA,
zener current decreases from 75 to 15 mA, \
nmaintaining Is constant.\nThis is the normal
operation of zener regulator \ni.e.Is and Vout
remain constant inspite of changes in load or
source voltage.”)

Scilab code Exa 20.6 Required series resistance

//chapter20
//example20 .6

//pageddl

Vin_min=22 // V
Vout=15 // V
I1_max=0.1 // A

© 00 J O Ut i W N

// for maximum series resistance , we consider the
case when input voltage is minimum and load
current is maximum because then zener current
drops to minimum. Thus,

10 Rs_max=(Vin_min-Vout)/Il_max

11

12 printf ("required series resistance = %.3f ohm \n”,

Rs_max)
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--rexec('C:\Users\kavan\Desktop\Principles of electronics\CH20\Ex20_8\Ex20 8.=sce', -1)

required breakdown wvoltage for zener diode = 6€.500 V
required value of Rs = 116.667 ohm

Figure 20.2: Design of series voltage regulator

Scilab code Exa 20.7 Load voltage and load current

//chapter20
//example20 .7

//pagedd?2

vz=10 // V
Vbe=0.5 // V
R1=1000 // ohm

Vout=Vz-Vbe
Il1=Vout/R1l

printf ("load voltage = %.3f V \n”,Vout)
printf ("load current = %.3f mA \n”,I1%1000)

Scilab code Exa 20.8 Design of series voltage regulator

//chapter20
//example20 .8
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//paged4dl

Ic=1 // A
gain=50
Vout=6 // V
Vbe=0.5 // V
Vin=10 // V
Iz=104-3 // A

Ib=Ic/gain
Vz=Vbe+Vout // Vout=Vz—Vbe

V_Rs=Vin-Vz
Rs=V_Rs/(Ib+Iz)

printf ("required breakdown

%.3f V \n”,Vz)

voltage for

zener

diode

printf ("required value of Rs = %.3f ohm \n”,Rs)

// in book Rs=117 ohm but accurate answer is

ohm

// mote : in xcos, there is no Zener diode so
used to

result (circuit) file a simple diode is

represent a zener diode

116.667

in the

Scilab code Exa 20.9 Output voltage and Zener current

//chapter20
//example20.9

//pagedd3
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Figure 20.3: Design of series voltage regulator

——>exec ('C:\Users\kavan\Desktop\Principles of electronics\CH20\Ex20 9\Ex20 9.sce', -1)
output voltage = 11.300 V

zener current = 36.138 mh

-

Figure 20.4: Output voltage and Zener current
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-->exec ('C:\Users\kavan\Desktop\Principles of electronics\CH20\Ex20_10\Ex20_10.sce', -1)
regulated output voltage = 20.100 V

-

Figure 20.5: Regulated output voltage

vz=12 // V
Vbe=0.7 // V
Vin=20 // V
Rs=220 // ohm
R1=1d3 // ohm
gain=50

Vout=Vz-Vbe
V_Rs=Vin-Vz
I_Rs=V_Rs/Rs
I1=Vout/R1l
Ic=11
Ib=Ic/gain
Iz=I_Rs-1IDb

printf ("output voltage = %.3f V \n”,Vout)
printf (" zener current = %.3f mA \n”,Iz*1000)

Scilab code Exa 20.10 Regulated output voltage

//chapter20
//example20.10

//pageddb

R2=1 // kilo ohm
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——»exec('C:\Users\kavan\Desktop\Principles of electronics\CH20\Ex20 11\Ex20 11l.sce', -1)
closed loop voltage gain = 4.000

-]
Figure 20.6: Closed loop voltage gain

R1=2 // kilo ohm
vz=6 // V
Vbe=0.7 // V

m=R2/(R1+R2)
A _CL=1/m
Vout=A_CL*(Vz+Vbe)

printf ("regulated output voltage = %.3f V \n”,Vout)

Scilab code Exa 20.11 Closed loop voltage gain

//chapter20
//example20.11

//pageddb

R2=10 // kilo ohm
R1=30 // kilo ohm

m=R2/(R1+R2)
A_CL=1/m

printf (" closed loop voltage gain = %.3f \n”,A_CL)
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--rexec('C:\Users\kavan\Desktop\Principles of electronics\CHZ0\Ex20 12\Ex20_12.sce', -1)
regulated output voltage = 9.000 V

load current = 90.000 mA

current through Rs = 100.000 mA

collector current = 10.000 mA

o

Figure 20.7: Regulated voltage and various currents for shunt regulator

Scilab code Exa 20.12 Regulated voltage and various currents for shunt
regulator
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//chapter20
//example20 .12

//pagedd6

vz=8.3 // V
Vbe=0.7 // V
R1=100 // ohm
Rs=130 // ohm
Vin=22 // V

Vout=Vz+Vbe
I1=Vout/R1l
Is=(Vin-Vout)/Rs
Ic=Is-11

printf ("regulated output voltage = %.3f V \n”,Vout)
printf ("load current = %.3f mA \n”,I1%1000)
printf (" current through Rs = %.3f mA \n”,Is*1000)
current = %.3f mA \n”,Ic*x1000)

printf (" collector
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Chapter 21

Solid state switching circuits

Scilab code Exa 21.1 Voltage required to saturate transistor

//chapter21
//example21 .1

//paged56

Vce=10 // V
Vbe=0.7 // V
Rb=47d3 // ohm
Rc=1d3 // ohm
gain=100

Ic_sat=Vcc/Rc
Ib=Ic_sat/gain
V_plus=Ib*xRb+Vbe

printf ("voltage required to saturate transistor = 4%
3f V \n”,V_plus)
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Scilab code Exa 21.2 Time period and frequency of square wave

//chapter21
//example21 .2

//paged63

R=10d3 // ohm
€=0.01d-6 // F

T=1.4%R*C
f=1/T

printf ("time period of square wave = %.3f ms \n”,T
*1000)

printf (" frequency of square wave = %.3f kHz \n”,f
/1000)

// the accurate answer for frequency is 7.143 kHz
but in book it is given 7 kHz

Scilab code Exa 21.3 Effect of RC time constant and output waveform of

differentiating circuit

// chapter 21
// example 21.3

// page 468
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printf ("In RC differentiating circuit , the output
votage is taken across \nR and waveform of output
depends on time constant of \ncircuit. For
proper functioning , product RC should be many \
ntimes smaller than time period of input wave. \n

77)

This code can be downloaded from the website wwww.scilab.in

Scilab code Exa 21.4 Output voltage of differentiating circuit

//chapter2l
//example21 .4

//paged68

R=10d3 // ohm
c=2.2d-6 // F
vi=o // V
v2=10 // V
t1=0 // sec
t2=0.4 // sec

Eo=R*Cx(V2-V1)/(t2-t1)

printf ("output voltage = %.3f V \n”,Eo)
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Figure 21.1: Effect of RC time constant and output waveform of differenti-
ating circuit
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Scilab code Exa 21.5 Peak output voltage

//chapter21
//example21 .5

//pagedT72
Vin_peak=12 // V

// for positive half cycle diode conducts so
Vout_peak=Vin_peak-0.7 // V

// for mnegative half cycle diode does not conduct so
Vout_min=0 // V

printf ("peak output voltage = %.3f V in positive
half cycle and \n %.3f V in
negative half cycle” ,Vout_peak,Vout_min)

// plotting input and output waveforms in same graph
using following code instead of using xcos

clf O

t=linspace (0,2%%pi,100)

Vin=12*sin (t)

Vout=Vout_peak*sin(t)+Vout_min

plot2d (t,Vin,style=2,rect=[0,0,10,20])

xtitle ("input — blue output — green”,”t”,” volts”
)

plot2d(t,Vout,style=3,rect=[0,0,10,20])

Scilab code Exa 21.6 Peak output voltage
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Figure 21.2: Peak output voltage

//chapter21
//example21 .6

//pagedT72

Rl1=4 // kilo ohm
R=1 // kilo ohm
Vin_peak=10 // V

Vout_peak=Vin_peak*R1/(R1+R)
Vout_min=0 // because of diode

printf ("peak output voltage = %.3f V \n”,Vout_peak)

// plotting input and output waveforms in same graph

using following code instead of using xcos
clf O)
t=1linspace (0,2%%pi,100)
Vin=Vin_peak*sin(t)
Vout=Vout_peak*sin(t)+Vout_min
plot2d (t,Vin,style=2,rect=[0,0,10,20])
xtitle("input — blue output — green”,”t”,

)

Y

237

"volts”



- Viewport = DR + Graphic window number 0 =

Viewport 2 File Tools Edit 7

Baa e

Graphic windaw number 0

Figure 21.3: Peak output voltage

20 plot2d(t,Vout,style=3,rect=[0,0,10,20])

Scilab code Exa 21.7 Output voltage and voltage across resistor

//chapter21
//example21 .7

//paged73

v=-10 // V
Vout=-0.7 // V

Vr=V-Vout

© 00 N O U W N

—
]

printf ("output voltage = %.3f V \n”,Vout)
printf ("voltage across R = %.3f V \n”,Vr)

—_
—_
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Figure 21.4: Output voltage and voltage across resistor

// plotting input and output waveforms in same graph
instead of using xcos

using following code
clf O
t=linspace (0, %pi,100)
Vin=Vx*sin(t)
Vout=Vr*sin (t)
subplot (1,2,2)

plot2d (t,Vout,style=3,rect=[0,-0.7,10,11])

xtitle ("Vout” ,”t” ,” volts”

subplot (1,2,1)

)

plot2d(t,Vin,style=2,rect=[0,-11,10,1])

xtitle ("Vin”,”t”7,” volts”)
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Scilab code Exa 21.8 Output voltage for each input alterations

//chapter21
//example21 .8

//pagedT3

R1=1d3 // ohm
R=200 // ohm

// for positive half cycle, diode is forward biased
and since load is in parallel with diode we get
V_out_p=0.7 // V

// for mnegative half cycle, diode is reverse biased
so it is open. Hence

V_in=-10 // V

V_out_n=V_in*R1/(R1+R)

printf ("output voltage for positive cycle = %.3f V \
nand for negative cycle = %.3f V’,V_out_p,V_out_n
)

// plotting input and output waveforms in same graph
using following code instead of using xcos

clf O

t=linspace (0, %pi,100)

Vin=V_in*sin (t)

Vout=-V_out_n*sin(t)

subplot (2,2,1)

plot2d(t,-Vin,style=3,rect=[0,0,10,11])

xtitle (" Vin +ve” ,”t”,” volts”)

subplot (2,2,2)

plot2d(t,Vout,style=2,rect=[0,-5,10,0.7]1)

xtitle ("Vout” ,”t” ,” volts”)

t=linspace (%pi,2*%pi,100)

Vin=V_in*sin(t)

subplot (2,2,3)

plot2d(t,-Vin,style=3,rect=[0,-11,10,0])
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Figure 21.5: Output voltage for each input alterations

xtitle (" Vin —ve” ,”t” ,” volts”)

subplot (2,2,4)
plot2d(t,-Vout,style=2,rect=[0,-11,10,0])
xtitle (" Vout”,”t”,” volts”)

Scilab code Exa 21.9 Purpose of series resistance

//chapter21
//example21 .9

//pagedT4

printf ("The purpose of using series resistance R is
: \n 1) if R is not present, diode will short
voltage source in positive half cycle \n 2) so
large current will flow which may damage voltage
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Figure 21.6: Sketch output waveform

source or diode. \n To prevent this i.e. to
protect diode and voltage source, R is used.”)

Scilab code Exa 21.10 Sketch output waveform

// chapter 21
// example 21.10

// page 478

v=2 // V
Vin=5 // V

// during positive half cycle
Vc_p=Vin-V // since Vin—Vc—V=0
// thus capacitor charges to Vc_p

// during negative half cycle
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Figure 21.7: Sketch output waveform

Vout=-Vin-Vc_p // since Vin—Vc_p—Vout=0

// we plot input and output waveforms using the

following code instead of using xcos

clf O
t=0:0.1:5%%pi
plot (t,b*squarewave (t,50))

plot2d(t,-Vc_p+(-Vout+V)*squarewave (t,50)/2,style=3)

xtitle(”input — blue
green” ,”t” ,”VOltS”)

output —

Scilab code Exa 21.11 Sketch output waveform

// chapter 21
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Figure 21.8: Sketch output waveform

// example 21.11
// page 479

v=-2 // V
Vin=5 // V

// during positive half cycle
Ve_p=Vin-V // since Vin—Vce—V=0
// thus capacitor charges to Vc.p

// during negative half cycle
Vout=-Vin-Vc_p // since Vin—Vc_p—Vout=0

// we plot input and output waveforms using the
following code instead of using =xcos

clf ()

t=0:0.1:5%%pi

plot (t,5*squarewave (t,50))

plot2d(t,-Vc_p+(-Vout+V)*squarewave (t,50)/2,style=3)

xtitle ("input — blue output —
green” ,”t” ,” volts”)
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Chapter 22

Field Effect Transistors

Scilab code Exa 22.1 Equation of drain current

//chpater22
//example22 .1

//paged9l

I_DSS=12 // mA
V_GS_off=-5 // V

printf (" I1-D=%d*(1+V_GS/%d) "2 mA \n” ,I_DSS,-V_GS_off)

Scilab code Exa 22.2 Value of drain current

//chapter22
//example22 .2

//paged9l
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I_DSS=32 // mA

V_GS=-4.5 // V

V_GS_off=-8 // V
I_D=I_DSS*(1-V_GS/V_GS_off) "2

printf ("drain current = %.3f mA \n”,I_D)

Scilab code Exa 22.3 Gate source voltage and pinchoff voltage

//chapter22
//example22 .3

//paged91

I_D=5 // mA
I_DSS=10 // mA
V_GS_off=-6 // V

// we know that I_-D=I_DSS%(1-V_GS/V_GS_off) "2 so
making V_GS as subject we get

V_GS=V_GS_off*x(1-(I_D/I_DSS)"0.5)
V_P=-V_GS_off

printf (" gate source voltage = %.3f V \n”,V_GS)
printf ("pinch off voltage = %.3f V \n”,V_P)

Scilab code Exa 22.4 Resistance between gate and source
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//chapter22
//example22 .4

//paged93

V_GS=15 // V
I_G=1d-9 // A

R_GS=V_GS/I_G

printf (" gate source resistance = %.3f ohm or %.3f
mega ohm \n” ,R_GS,R_GS/1d6)

Scilab code Exa 22.5 Transconductance

//chapter22
//example22 .5

//paged93

Vgsi=-3.1 // V
Vgs2=-3 // V
Id1=14-3 // A
Id2=1.3d-3 // A

g_fs=(Id2-Id1)/(Vgs2-Vgsl)

printf ("transconductance = %.3f mho or %.3f micro
mho \n” ,g_fs,g_fsx1d6)
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Scilab code Exa 22.6 AC drain resistance transconductance and amplifi-

cation factor

//chapter22
//example22 .6

//paged93

// for V_.GS = 0V constant
vV_DS1=7 // V

vV_DS2=15 // V

I_D1=10 // mA

I1_D2=10.25 // mA

rd=(V_DS2-V_DS1)/(I_D2-I_D1)

// for V.DS = 15V constant

V_GS1=0
V_GS2=0.2
I_D1=9.65
I_D2=10.25

g_fs=(I_D2-I_D1)/(V_GS2-V_GS1)

mu=rd*xg_=fs

printf ("ac drain resistance = %.3f ohm or %.3f kilo

ohm \n”,rd/1000,rd)

printf ("transconductance = %.3f mho or %.3f micro

mho \n” ,g_fs,g_£fs*1000)

printf (" amplification factor = %.3f \n”,mu)

Scilab code Exa 22.7 Rs and Rd
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//chapter22
//example22 .7

//paged96

I_DSS=5d-3 // A
V_DD=20 // V
V_DS=10 // V
V_P=-2 // V
V_G=0 // V
I_D=1.5d-3 // A

V_GS=V_P*(1-((I_D/I_DSS)"0.5)) // I.D=I.DSS*(1-V_.GS/
V_P)" 2

V_S=V_G-V_GS

R_S=V_S/I_D

// by Kirchoff ’s law we get V.DD=I_Dx*xR_D+V_DS+I_Dx
R_S so making R.D as subject we get

R_D=(V_DD-V_DS-I_D*R_S)/I_D

printf ("Rs = %.3f kilo ohm and Rd = %.3f kilo ohm \n
”,R_S/1000,R_D/1000)

Scilab code Exa 22.8 Rs

//chapter22
//example22 .8

//paged96

V_P=-5 // V
V_DD=30 // V
I_DSS=10 // mA
I_D=2.5 // mA
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R1=1000 // kilo ohm
R2=500 // kilo ohm

// since I.D=I_DSSx(1—(V_.GS/V_P)) "2, making V_.GS as

subject we get
V_GS=V_P*(1-(I_D/I_DSS)"0.5)
V2=V_DD*R2/(R1+R2)

// since V2 = V.GS + I_.DxRs, making Rs as subject we
get

Rs=(V2-V_GS)/I_D

printf ("required value of Rs = %.3f kilo ohm \n”,6Rs)

Scilab code Exa 22.9 Voltage amplification

//chapter22
//example22 .9

//paged9T

R_L=10d3 // ohm
g_£fs=3000d-6 // mho

// since rd >> R.L, we can write
Av=g_fs*R_L

printf ("voltage amplification of the circuit = %.3f
\n”,Av)
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Scilab code Exa 22.10 Drain source voltage and gate source voltage

//chapter22
//example22 .10

//paged98

V_DD=30 // V

I_D=2.5d-3 // A
R_D=5d3 // ohm
R_S=200 // ohm

V_DS=V_DD-I_D*(R_D+R_S)
V_GS=-I_Dx*R_S

printf ("V.DS = %.3f V \n”,V_DS)
printf ("V.GS = %.3f V \n”,V_GS)

Scilab code Exa 22.11 DC voltage of drain and source for each stage

//chapter22
//example22 .11

//paged98

V_DD=30 // V
I_D1=2.154-3 // A
I_D2=9.154-3 // A
R_D1=8.2d3 // ohm
R_D2=2d3 // ohm
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10 R_S1=680 // ohm

11 R_S2=220 // ohm

12

13 V_RD1=I_D1x*R_D1

14 V_D1=V_DD-V_RD1

15 V_S1=I_D1*R_S1

16

17 V_RD2=I_D2x*R_D2

18 V_D2=V_DD-V_RD2

19 V_S2=I_D2x*R_S2

20

21 printf("For stage 1 : dc voltage of drain = %.3f V
and source = %.3f V \n”,V_D1,V_S1)

22 printf (”For stage 2 : dc voltage of drain = %.3f V
and source = %.3f V \n”,V_D2,V_S2)
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Chapter 23

Silicon controlled rectifiers

Scilab code Exa 23.1 SCR specifications

//chapter23
//example23 .1

//pageb09

printf (”1) Breakover voltage of 400V : It means that
if gate is open and the \n”)

printf (7 supply voltage is 400V, then SCR will
start conducting heavily. \n”)

printf (7 However ,as long as the supply voltage <
400V, SCR stays open. \n \n”)

printf (72) Trigger current of 10mA : It means that

if the supply voltage is \n”)

printf (” less than breakover voltage and a minimum
gate current of 10 mA \n”)
printf (7 is passed, SCR conducts. It wont conduct

if gate current is less \n”)
printf (7 than 10mA. \n \n”)
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printf (”3) Holding current of 10mA : When SCR is
conducting , it will not open \n”)

printf (7 even if triggering current is removed.
However, if supply voltage \n”)

printf (” is reduced, anode current also decreases.
When anode current drops \n”)

printf (7 to 10mA, the holding current , SCR turns
off . \n \n”)

printf (”4) If gate current is increased to 15mA, the
SCR will be turned on \n”)
printf (7 lower supply voltage. \n”)

Scilab code Exa 23.2 Fuse rating of SCR

//chapter23
//example23 .2

//pageb10

t=12d-3 // sec
I=50 // A

fuse_rating=I1"2%t

if fuse_rating < 90
printf ("rating = %.3f ampere square second
which is less than maximum \nrating so
device will not be destroyed \n”,fuse_rating
)
else printf ("rating = %.3f ampere square second
which is more than maximum \nrating so device may
get damaged \n”,fuse_rating)

end
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Scilab code Exa 23.3 Maximum allowable duration of surge

//chapter23
//example23 .3

//pageb10

rating=50 // ampere square second

Is=100 // A
t_max=rating/Is"2

printf ("maximum allowable duration of surge = %.3f s
or %.3f ms\n”,t_max,t_max*1000)

Scilab code Exa 23.4 Firing angle conduction angle and average current
of half wave rectifier employing SCR

//chapter23
//example23 .4

//pagebl4d

v=100 // V
Vm=200 // V
R_L=100 // ohm

// since v=Vmxsin (theta), we get
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theta=asin(v/Vm)*180/%pi // in terms of degrees
phi=180-theta
V_avg=Vm*(1l+cos(thetax*x%pi/180))/(2*%pi)
I_avg=V_avg/R_L

printf (" firing angle = %.2f degrees \n”,theta)
printf (" conduction angle = %.2f degrees \n”,phi)

printf ("average current = %.4f A \n”,I_avg)

// the accurate answer for average current is 0.594
A but in book it is given as 0.5925 A

Scilab code Exa 23.5 Firing angle average output voltage average current
and power output of half wave rectifier

//chapter23
//example23.5

//pageblh

Vm=400 // V

v=150 // V

R_L=200 // ohm

// since v=Vmxsin (theta), we get
theta=asin(v/Vm)*180/%pi // in terms of degrees
V_av=Vm*(1+cos(thetax*x’pi/180))/(2*%pi)

I_av=V_av/R_L
P=V_av*I_av
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printf (" firing angle = %.2f degrees \n”,theta)

printf ("average output voltage = %.3f V \n”,V_av)

printf (" average current for load of 200 ohm = %.3f A
\n”,I_av)

printf ("power output = %.3f W \n”,P)

// the accurate answer for power output is 75.250 W
but in book it is given as 75.15 W

Scilab code Exa 23.6 Off duration of SCR

//chapter23
//example23 .6

//pageblh

Vm=240 // V
v=180 // V

// figure given is for understanding purpose only.
It is not required to solve the example

// SCR remains off till it reaches 180 V i.e.
forward breakdown voltage

// since v=Vmxsin (theta), we get
theta=asin(v/Vm) // firing angle in terms of degrees
// since theta=314xt, we get

t=theta/314 // seconds
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printf (" off duration of SCR = %.3f ms \n”,t*1000) //
multiply t by 1000 to display time in
milliseconds

Scilab code Exa 23.7 DC output voltage and load current for full wave
rectifier

//chapter23
//example23.7

//pagebl7

alpha=60 // degrees

Vm=200 // V

R_L=100 // ohm

V_av=Vm*(1+cos (alpha*%pi/180))/%pi
I_av=V_av/R_L

printf ("dc output voltage = %.3f V \n”,V_av)

printf ("load current for firing angle of 60 degrees

= %.3f A \n”,I_av)
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Chapter 24

Power electronics

Scilab code Exa 24.1 Values of RB1 and RB2

//chapter24
//example24 .1

//pageb33

RBB=10 // kilo ohm
eta=0.6

//eta=RB1/(RB1+RB2) = RB1/Rbb so
RBl1=eta*RBB

RB2=RBB-RB1

printf ("RB1 = %.3f kilo ohm \n”,RB1)
printf ("RB2 = %.3f kilo ohm” ,RB2)

Scilab code Exa 24.2 Standoff voltage and peak point voltage
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//chapter24
//example24 .2

//pageb33

VBB=10 // Vv
eta=0.65
VD=0.7 // V

stand_off_voltage=eta*xVBB
peak_point_voltage=VD+eta*xVBB

printf ("stand off voltage = %.3f V \n”,
stand_off_voltage)

printf (" peak point voltage = %.3f V \n”
peak_point_voltage)
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Electronic instruments

Scilab code Exa 25.1 Sensitivity of multimeter

//chapter25b
//example25 .1
//pageb43

Ig=1d-3 // A
S=1/1g

printf ("sensitivity = %.3f ohm per volt \n”,S)

Scilab code Exa 25.2 Limitation of multimeter

//chapter25b
//example25 .2

//pageb43
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S=1000 // ohm per volt
V=50 // V
R=50d3 // ohm

R_meter=S*V

R_equi=R*R_meter/(R+R_meter) //equivalent resistance
of meter and given resistance across which meter

is connected

printf ("ratio of circuit resistance before and after

connecting multimeter = %.3f \n” ,R/R_equi)
printf ("Thus equivalent resistance is reduced to
half. So current drawn is double \n”)
printf (" Thus multimeter will give highly incorrect
reading \n \n”)
printf ("As a rule, multimeter resistance should be
100 times the resistance across \nwhich voltage
is to be measured \n”)

Scilab code Exa 25.3 Reading of multimeter in given circuit

//chapter25b
//example25 .3

//pagebdd

S=4 // kilo ohm per volt
V_range=10 // V

V=20 // V

R=10 // kilo ohm
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Figure 25.1: Limitation of multimeter

R_meter=8S*V_range
R_equi=R+R*R_meter/(R+R_meter)
I=V/R_equi
V_reading=I*R*R_meter/(R+R_meter)

printf ("voltage read by multimeter = %.3f V \n”,
V_reading)

Scilab code Exa 25.4 Reading of multimeter
//chapter25b
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Figure 25.2: Reading of multimeter in given circuit

//example25 .4
//pageb44d

S=20 // kilo ohm per volt
V_range=10 // V

v=20 // V

R=10 // kilo ohm

R_meter=8S*V_range
R_equi=R+R*R_meter/(R+R_meter)
I=V/R_equi
V_reading=I*R*R_meter/(R+R_meter)

printf ("voltage read by multimeter = %.3f V \n”,
V_reading)

// answer in book is 9.88V but accurate answer is
9.756V
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Scilab code Exa 25.5 Readings before and after connecting the meter

//chapter25h
//example25 .5

//pageb4h

R1=20d3 // ohm
R2=20d3 // ohm
R3=30d3 // ohm
R4=30d3 // ohm
V=100 // V

Rm=60d3 // ohm

// case 1 : meter is not connected
R=R1+R2+R3+R4

I=V/R

V_A=V

V_B=V-IxR2

V_C=V-I*(R1+R2)
V_D=V-I*(R1+R2+R3)

// case2 : meter is connected

/] At A
V_A1=V

// At B
R_total_B=R1+(Rm*(R2+R3+R4)/(Rm+R2+R3+R4))
I1=V/R_total_B
V_B1=I1*(Rm*(R2+R3+R4)/(Rm+R2+R3+R4))

/] At C
R_total_C=R1+R2+(Rm*(R3+R4)/(Rm+R3+R4))
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I2=V/R_total_C
V_C1=V*x(Rm*(R3+R4)/(Rm+R3+R4))/R_total_C

/] At D
R_total_D=R1+R2+R3+(Rm*R4/(Rm+R4))
I2=V/R_total_D
V_D1=V*x(Rm*R4/(Rm+R4))/R_total_D

printf ("CASE 1 : meter is not connected \n

Voltage at A = %.3f V \n Volatge at B = %.3f
V \n Volatge at C = %.3f V \n Volatge at
D=%3fV \n",V_A,V_B,V_C,V_D)

printf ("CASE 2 : meter is connected \n At A
then voltage at A = %.3f V”,V_A1)

printf (”\n At B then voltage at B = %.3f V",
V_B1)

printf ("\n At C then voltage at C = %.3f V7,
V_C1)

printf ("\n At D then voltage at D = %.3f V \n \
n”,vV_D1)

printf ("resistance of voltmeter should be 100 times
the resistance across \nwhich voltage is to be
measured . Since this condition is not \nsatisfied
here, readings are wrong. \n”)

Scilab code Exa 25.6 Spot shift

//chapter25h
//example25 .6
//pagebh2

S=0.01 //mm per volt
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V=400 // V
spot_shift=SxV

printf ("spot shift = %.3f mm \n”,spot_shift)

Scilab code Exa 25.7 Voltage applied to CRT

//chapter25h
//example25.7

//pagebh2

S=0.03 // mm per volt
spot_shift=3 // mm

V=spot_shift/S // since spot shift = deflection
sensitivity x applied voltage

printf ("applied voltage = %.3f V \n”,V)

Scilab code Exa 25.8 Voltage for given deflection

//chapter25h
//example25 .8

//pagebbb

V1i=200 // V
di=2 // cm
d2=3 // cm
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// since sensitivity = voltage / deflcetion we get
S=v1/d1
V2=8%*d2

printf ("unknown voltage = %.3f V’,v2)

Scilab code Exa 25.9 Find unknown frequencies

//chapter25b
//example25 .9

//pagebb6

fh=1000 // Hz

// case (i) :— ratio of fv to fh = 1:1
fvi=1xfh

// case (ii) :— ratio = 2:1

fv2=2xfh

// case (1iii) :— ratio = 6:1

fv3=6*fh

printf (" for casel i.e. fv/fth = 1/1, fv = %.3f Hz \n”
,fvl)

printf (" for case2 i.e. fv/fth = 2/1, fv = %.3f Hz \n”
,fv2)

printf (" for cased i.e. fv/fh = 6/1, fv = %.3f Hz \n”
,fv3)
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Chapter 26

Integrated circuits

Scilab code Exa 26.1 LM 317 voltage regulator

//chapter26
//example26 .1

//pagedT70

R2=2.4d3 // ohm
R1=240 // ohm

V_out=1.25*%(1+R2/R1)

printf ("regulated dc output voltage = %.3f V \n”,
V_out)

270



0 J O T = W N

Chapter 27

Hybrid parameters

Scilab code Exa 27.1 h parameters

//chapter27
//example27 .1

//pagebT4

R1=10 // ohm
R2=5 // ohm

// for hll and h21, imagine that output terminals
are shorted hence it is clear that input
impedence is equal to RI.

-->exec ('C:\Users\kavan\Desktop\Principles of electronics\CH2T\Ex27_1\Ex27_1.sce', -1)
h1l = 10.000 ohm

h2l = -1.000

hi2 = 1.000

nZ2 = 0.200 ohm

-

Figure 27.1: h parameters
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// this is hll by definition so
h11=R1

// now current will flow of same magnitude but
in opposite directions through input and
output terminals so output_current/

input_current = —1
// but this ratio is h21 by definition. Thus
h21=-1

// for hl2 and h22 imagine a voltage source on

output terminals

// this voltage will be avilable on input
terminals also since current through 10 ohm
resistor = 0.

// hence input_voltage/output_voltage = 1

// but this ratio is hl2 by definition. Thus

hi12=1

// here output impedence looking into output

terminals with input terminals open is 5 ohm.
// its reciprocal is h22 by definition. Thus
h22=1/5

printf ("h1l = %.3f ohm \n”,h11)
printf ("h21 = %.3f \n”,h21)
printf ("h12 = %.3f \n”,h12)
printf ("h22 = %.3f ohm \n”,h22)

Scilab code Exa 27.2 h parameters
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5 ohm short

B

for hi11 and h21 for h12 and h22

Figure 27.2: h parameters

--»exec ('C:\Users\kavan\Desktop\Principles of electronics\CH2T\Ex27 2\Ex27_2.sce', -1)

11 = 6.000 ohm
21 = -0.500
12 = 0.500
22 = 0.125 chm

)

Figure 27.3: h parameters
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//chapter27
//example27 .2

//pagebT75h

R1=4 // ohm
R2=4 // ohm
R3=4 // ohm

// for hll and h21, imagine that output terminals
are shorted hence it is clear that input
impedence is equal to RI1+R2%R3/(R24+R3)

// this is hll by definition so
h11=R1+R2*R3/(R2+R3)

// now current will divide equally at junction
of 4 ohm resistors so output_current/

input_current = —0.5
// but this ratio is h21 by definition. Thus
h21=-0.5

// for h12 and h22 imagine a voltage source on
output terminals
// this voltage will be divided by a factor 2
// hence input_voltage/output_voltage = 0.5
// but this ratio is hl2 by definition. Thus
h12=0.5

// here output impedence looking into output

terminals with input terminals open is 8 ohm.
// its reciprocal is h22 by definition. Thus
h22=1/8

printf ("h1l = %.3f ohm \n”,h11)
printf ("h21l = %.3f \n”,h21)
printf ("h12 = %.3f \n”,h12)
printf ("h22 = %.3f ohm \n”,h22)
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4 ohm 4 ohm 4 ahm 4 ohm

4 ahm short 4 ahm

for h11 and h21 for h12 and h22

Figure 27.4: h parameters

Scilab code Exa 27.3 Input impedence and voltage gain of given circuit

//chapter27
//example27 .3

//pagebT8

h11=10
h12=1
h21=-1
h22=0.2
rL=5 // ohm

Zin=h11-(h12*h21/(h22+1/rL))
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Av=-h21/(Zin*(h22+1/1rL))

printf ("input impedence = %.3f ohm \n”,Zin)
printf ("voltage gain of circuit = %.3f \n”,Av)

Scilab code Exa 27.4 Input impedence current gain and voltage gain

//chapter27
//example27 .4

//pageb81

hie=2000 // ohm
hoe=1d-4 // mho
hre=1d-3

hfe=50

rL=600 // ohm

Zin=hie-hrexhfe/(hoe+1/rL)

// here second term can be neglected compared to hie
o)

Zin_approx=hie

Ai=hfe/(1+hoex*rL)

// if hoexrL << 1 then
Ai_approx=hfe
Av=-hfe/(Zin*(hoe+1/rL))

// mnegative sign indicates phase shift between input
and output

printf ("input impedence = %.3f ohm \n”,Zin)
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printf (" current gain = %.3f \n”,Ai)
printf ("voltage gain = %.3f. Here negative sign
indicates phase shift between input and output.\n

\n”,Av)

printf ("approximate input impedence = %.3f ohm \n”,
Zin_approx)

printf ("approximate current gain = %.3f \n”,
Ai_approx)

Scilab code Exa 27.5 Input impedence current gain and voltage gain

//chapter27
//example27 .5

//pageb82

hie=1700 // ohm
hre=1.3d-4
hoe=6d-6 // mho
hfe=38

rL=2000 // ohm

Zin=hie-hrex*hfe/(hoe+1/rL)

Ai=hfe/(1+hoex*rL)

Av=-hfe/(Zinx*(hoe+1/rL))

printf ("input impedence = %.3f ohm \n”,Zin)
printf (" current gain = %.3f \n”,Ai)

printf ("voltage gain = %.3f \n”,-Av) // considering

magnitude of Av,we neglect its negative sign and
so we display —Av instead of Av
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Scilab code Exa 27.6 AC input impedence and voltage gain

//chapter27
//example27 .6

//pageb82

hie=1500 // ohm
hre=4d-4
hoe=5d-5 // mho
hfe=50

Rc=10d3 // ohm
R_L=30d3 // ohm
R1=80d3 // ohm
R2=40d3 // ohm

rL=Rc*R_L/(Rc+R_L)
Zin=hie-hrexhfe/(hoe+1/rL)
Zin_stage=Zin*(R1*R2/(R1+R2))/(Zin+(R1*R2/(R1+R2)))

Av=-hfe/(Zin*(hoe+1/rL))

printf ("input impedence = %.3f ohm \n”,Zin_stage)
printf ("voltage gain = %.3f \n”,Av)

// the accurate answers are input impedence =
1321.957 ohm and voltage gain = —196.078 but in
book they are given as 1320 ohm and —196
respectively
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Scilab code Exa 27.7 h parameters

//chapter27
//example27 .7

//pageb84

Vbe=10d-3 // V
Vbe2=0.65d-3 // V
Vce=1 // V
Ib=10d-6 // A
Ic=1d4-3 // A
Ic2=60d-6 // A

hie=Vbe/Ib // in ohm
hfe=Ic/Ib // in ohm
hre=Vbe2/Vce
hoe=Ic2/Vce // in mho

printf (" hie = %.3f ohm \n”,hie)
printf (" hfe = %.3f ohm \n” ,hfe)

printf ("hre = %.5f \n” ,hre)

printf ("hoe = %.3f micro mho \n” ,hoex*x1d6)
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Chapter 28

Digital electronics

Scilab code Exa 28.1 Convert decimal number to binary

//chapter28
//example28 .1

//pageb90

a= dec2bin (37)
disp(a, "binary equivalent of decimal number 37

)

Scilab code Exa 28.2 Convert decimal number to binary

//chapter28
//example28 .2

//pageb90

a= dec2bin (23)
disp(a, "binary equivalent of decimal number 23
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Scilab code Exa 28.3 Convert binary number to decimal

//chapter28
//example28 .3

//pageb9l

a= bin2dec ( ’ 110001 * )
printf ("equivalent decimal of binary 110001 is %d \n
77,a)

Scilab code Exa 28.4 Obtain truth table for given circuit

//chapter28

//example28 .4

//pageb98

disp(” A B Y_dash = A + B Y = Y_dash.A
77)

disp(” 0 0 0 0 7)

disp(” 1 0 1 1 ”)

disp(” 0O 1 1 0 ")

disp(” 1 1 1 1 7y

printf ("\nexplanation: \n”)
printf ("A=0 and B=0 give A‘=1 and B‘=1 so Y_dash = A
+ B is 0 and Y = Y_dash.A is 0 \n”)
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printf ("A=1 and B=0 give A‘=0 and B‘=1 so Y _dash
+ B is 1 and Y = Y_dash.A is 1 \n”)

printf ("A=0 and B=1 give A‘=1 and B‘=0 so Y_dash
+ B is 1 and Y = Y._dash.A is 0 \n”)

printf ("A=1 and B=1 give A‘=0 and B‘=0 so Y_dash
+ B is 1 and Y = Y_.dash.A is 1 \n”)

Scilab code Exa 28.5 Obtain truth table for given circuit

//chapter28

//example28.5

//pageb98

disp(” A B At Y _dash = A*. B B

Y = Y_dash + B* 7)

disp(” 0 0 1 0 1
17

disp(” 1 0 0 0 1
7))

disp(” 0O 1 1 1 0
1 7)

disp(” 1 1 0 0 0
0 7)

printf ("\nexplanation: \n”)
printf ("A=0 and B=0 give A‘=1 and B‘=1 so Y_dash
“.B is 0 and Y = Y_dash + B‘ is 1 \n”)

printf ("A=1 and B=0 give A‘=0 and B‘=1 so Y_dash
“.B is 0 and Y = Y_dash + B* is 1 \n”)
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printf ("A=0 and B=1 give A‘=1 and B‘=0 so Y_dash =
“.B is 1 and Y = Y_dash + B* is 1 \n”)

printf ("A=1 and B=1 give A‘=0 and B‘=0 so Y_dash =
“.B is 0 and Y = Y_dash + B* is 0 \n”)

Scilab code Exa 28.6 Simplify using Boolean techniques

// chapter28
// example28.6

//page606

printf (Y = A .

B . C . D’

printf ("taking out the common factors \n”)

printf (Y = B

B . C¢
+ A . B

¢ . D¢

(A+ A %)
printf ("By theorem 3 \n”)

printf ("Y = B

printf ("again factorize \n”)

ct . D¢

D(
C

(

+ B

printf (Y =B . D¢ ( C + C¢
printf ("By theorem 3 \n”)
printf("Y =B . D¢ . 1 \n”)

printf (”thus \n”)

printf (Y = B

DL \n77)

+ A . B . C¢
- D¢ \nn)

A+A" ) +B

C . D' \n”)

) \n™)

. D¢

C

+ A

. D¢

Scilab code Exa 28.7 Simplify using Boolean techniques

// chapter28

283



U = W N

(@)

10
11
12
13
14
15
16
17
18
19
20
21
22
23

O U W N =

// example28.7
//page606

printf("Y=A . B+A . (B+C)+B . (B+C) \n
”)

printf ("By thoerem 14 \n”)

printf("Y=A . B+A . B+A . C+B.B+B .C\n”
)

printf ("By theorem 6 \n”)

printf("Y=A . B+ A . B+A . C+B+B .C\n")

printf ("By theorem 5 \n”)

printf("Y=A . B+ A . C+B+B . C\n")

printf (" Factor B out of last 2 terms \n”)

printf("Y=A . B+A . C+B . (1+C) \n")

printf (" Apply cummulative law and theorem 7 \n”)

printf ("Y =A . B+ A . C+B . 1 \n")

printf (" Apply theorem 2 \n”)

printf("Y =A . B+ A . C+ B \n")

printf (" Factor B out of first and third terms \n”)

printf("Y =B . (A+1 )+ A . C\n")

printf (" Apply theorem 7 \n”)

printf (Y =B . 1 + A . C \n")

printf (" Apply theorem 2 \n”)

printf (Y =B + A . C \n”)

Scilab code Exa 28.8 Simplify to minimum number of literals

//chapter28
//example28 .8

//page607

printf("i) Y =A + A* . B \n”)
printf (7 By theorem 16 \n”)
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printf (7 Y=A+A . B+ A B \n")

printf (7 =A+B ( A+ A \n")

printf (” By theorem 3 \n”)

printf (7 = A+ B \n \n")

printf("ii) Y =A . B + A° C+B . C\n")

printf (7 =A . B+ A C+B . C(A+ A )\n”
)

printf (7 =A . B+ A C+A . B . C+ A B

C \n”)

printf (7 =A . B (1+C) + A C(1+B ) \n
77)

printf (7 =A . B+ A¢ C \n”)

Scilab code Exa 28.9 Determine output expression for given circuit

//chapter28
//example28.9

//page607

printf (Y = ( (A+B ) . C . D )‘ \n")
printf (" Using De Morgan theorem \n”)
printf("Y = ( A+ B ) + C° + D \n")
printf (Y = A+ B + C° + D \n")

Scilab code Exa 28.10 Find complement of given expressions

//chapter28
//example28.10
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//page607

printf(?1) Y =A . B . C  +A . (B . C)‘ \n")

printf (7 Y =(A.B.C 4+A. (B.C)" )" \n”
)

printf (” By De Morgan theorem \n”)

printf (7 Y =(A.B.CH)“ . (A. (B.C* )
\n”)

printf (7 By De Morgan theorem \n”)

printf (7 Y = (A 4+B " +C ). (A +B+C) \n
\n77)
printf(”2) Y =A‘ . (B .C: +B° . C ) \n")

printf (" YO =(A . (B .C-+B° . C) )" \n")
printf (7 By De Morgan theorem \n”)

printf (" Y'=A4+ (B . C" +B° .C )‘ \n")
printf (” By De Morgan theorem \n”)

printf (™ Y ' =A4+ (B . C)¢ . (B . C )" \n")
printf (7 By De Morgan theorem \n”)

printf (7 Y =A+ (B*4+4C) . (B+C") \n")
printf (” Y =A4+(B.C)"+ (B .C

O T W N~

Scilab code Exa 28.11 Simplify given Boolean expressions

//chapter28

//example28 .11

//page608

printf("1) Y= (A+B+C ) . (A+B ) \n")

printf (7 Y=A.A+A . B+B.A+B . B+ C.
+ C . B \n")

printf (7 Using A . A = A we get \n”)

printf (7 Y=A+A . B+A.B+B+A.C+B.
\n77)
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printf (”
printf (”
printf (7
printf (”
printf (”
printf (7
printf (7
printf (7

printf (”
printf (”
printf (”
printf (7
printf (7

printf (”
A .
printf (”

3)

B(

. C+ (

printf (”
printf (7
printf (”

printf (7 4)

printf (”
printf (7
printf (7
printf (7
printf (7
”)
printf (”

Using A . B+ A . B=A . B we get \n”)
Y=A+A . B+B+A . C+B.C\n")
Using A + A . B =A we get \n”)
Y = +B+A.C+B.C\n”)
= (1 +C) + (1 +C ) \n")
Using 1 + C = 1 we get \n”)
Y=A.1+B . 1\n")
Y=A+ B \n \n")
Y=A.B+A.B.C+A.B.C \n”")
=A . B+A.B(C+C" ) \n")
Since C + C* =1 we get \n”)
Y=A.B+A . B\n")
=A . B \n \n")
Y=1+A . ( Ct+B . C+ B CY) +
C+A . C\n")
Using 1 + A=1and 1 +A . (B. C" 4+ B
B.C)‘ ) =1 we get \n”)
Y=1+A.B" .C+A.C\n"
Y=1+A . C\n")
Y =1 \n \n")
Y=((A+B +C )+ (B+C ))" \n")
By De Morgan theorem \n”)
Y=(A+B +C)° ( B+ C" ) \n")
By De Morgan theorem \n”)
Y= (A" . B.C) ( B C ) \n")
Since B . B* =0 and C . C* = 0 we get \n
Y =0 \n")
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Scilab code Exa 28.12 Simplify given Boolean expression

//chapter28

//example28.12

//page609

printf(” Y=A . B . D+ A . B* . D' \n")
printf (7 Factor out A . B‘ by theorem 14 \n”)
printf (" Y=A . B* ( D+ D ) \n")

printf (” But by theorem 3 D + D‘ =1 \n”)
printf (" Y =A . B . 1 \n")

printf (” By theorem 2 \n”)

printf (" Y = A . B° \n")

Scilab code Exa 28.13 Simplify given Boolean expression

//chapter28
//example28.13

//page609

printf (”
printf (7
printf (”
printf (7
printf (7
printf (”

printf (”
printf (”
printf (”
printf (”
printf (”
printf (”

Y= (A" +B)
By theorem 15 \n”)

(A+ B ) \n")

Y = A° . A+ A B+B . A+8B
By theorem 4 and 6 \n”)

Y =0+ A° B+B . A+ B \n”")
Y = A° B+B . A+ B \n")

By theorem 14 \n”)
(A +A+ 1) \n")
By theorem 7 \n”)
(A + 1 ) \n")
By theorem 7 \n”)

Y =B

Y =B

Y =B

1 ) \n")
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18 printf (” By theorem 2 \n”)
19 printf(” Y = B \n”)
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