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Network Theory

Basics, Circuit Elements,
CHAPTER Nodal & Mesh Analysis
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Solution:
3 Q and 6 Q resistors are in parallel because they are connected to same two nodes ¢ and b. Their combined

resistance is

30ll40 = X0 59
3+6
Similarly, 12 Q and 4 Q resistors are in parallel since they are connected to same two nodes d and b.
Hence, 12Qll4Q = 12x4 50
12+4

Also, 1 Q and 5 Q resistors are in series, hence combined resistance,
1Q+5Q=00Q

o l\gv"% : Al‘v%v g
a
‘—‘ = = =
S2Q S3Q S6Q
R < < <
eq
b
o
b b
. . . . 3Qx6Q
Further 3 Q and 6 Q in parallel gives equivalent resistance = ——— =
(3+6)Q
This 2 Q is in series with 1 Q.
Given equivalent as (2 + 1) Q = 3 Q as shown below.
10 Q c
o MWW
a
220 230
Req < <
b
(=
Now 2 Q and 3 Q parallel's combination in series with 10 Q resistance.
Hence, R.p=FRee=100+20l130Q)

2x3

=10+ =11.2Q
2+3




Electronics
. . POSTAL
4 Engineering BOOK PACKAGE 2027 MRDE ERSY
Use resistance and source combinations to determine the current i in figure shown and power delivered
by 80 V source.

i 10 Q 7Q 5Q
———WW— |l —WW——WW—
—if;

30V

sov(®) ®2v

8Q
Solution:
The circuit can be redrawn as,
10Q 7Q
—_'|+—+|
30V 20V
+ <
80V T i =50
—_ <>
8Q
AAAA

yvvy
Further combining the three voltage sources into an equivalent source of 90 V as shown below.
All the resistance, combined in series as,

F?eq=(10+7+5+8)§2=3052

Simply applying kVL,  -90 + 30i = 0 sy~ D S0
Hence, i=3A <
Power delivered by 80V source = 80V x 3 A =240 W
The following mesh equations pertain to a network:
81,-51,-1; =110
=61, +101,+0=0
-I,+0+7I;=115
Draw network showing each element.
Solution:
All the mesh equations can be rearrangement as,
81,-51,-1; = 110
= 5, ~1,)+ (I, -1+ 2, = 110 (1)
~51, +10L,+ 0 =0
= 5(,-1,)+51,=0 ..(2)
=1, +0+71;=115
= (I,—1,) + 61, = 115 .(3)
On the basis of equation (1), (2) and (3), we can draw the network as,
6Q
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X} Find mesh currents in the circuit,
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Solution:
iy—iy = 3A (1)
BY KVL for super mesh,
2(i, —i,) + Alis—1i,) + 8iy; = 6
2i, —6i, + 12i; = 6 ..(2)

By KVL for second mesh,
2iy + iy —i5) + 2(i,—iy) = O
8i,—4iy—2i; = 0 ..(3)
Solving equations (1), (2) and (3), we get

i, = 3473A
i, = 1.105A
i, = 0.473A
[EX] For the circuit shown in the figure determine V,/Igusing nodal analysis.
v
MW oV,
Iy
I CT) Rs %E R %E Wy CD §: Rs

Solution:
V= Ib (1) v 1Q (@
Node (1), o AW @ oV,
b
(4 S1a 210 D3, =10

V-V, =1, (2) ® 3 3 OF 3

Node (2),
%+VO—V+31b =0 Ri=R,=Ry=R,=1Q,1=3

2V,- V=3I, .(3)
From equation (1), I, = Vputinequation (3)

2V,-V=-3V

2V =-2V

= V=-V,
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Putting, V = -V, in equation (2)
3(=Vy) -V = I
-4V, = I
Yo - =-0.25
1

S

m For the circuit shown in figure, determine the currents i,, i, and i; using nodal analysis.

20 4V
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Solution:
4v
T A e W
\AAAJ -
@ ~ |®
24v<:> Eéeg Egssz
L) i3
-
By nodal analysis, ~i;—i,+i=0
— H + _M +17 _O
2 6 -
v-24 V =0
2
V,=V-4
KCL at node 1,
—1+£+3 =0
8
V-4
=|—+3
=
Combining (1) and (2),
V-ea V. V-4 . 3_9
2 6 8
Solving, V=12V
V, =8V
o 2412 g
2
12
ih=—-—=-2A
2 6
i=iz+3

'.'l=l1+12
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1 Introduction

CHAPTER

K3l (2) A control system is defined by following mathematical relationship
d’x  6dx
R— + R
a2 dt
Find the response of the system at t —»

+5x=12(1-e7)

(b) A function y(t) satisfies the following differential equation

ay(t
0 4yt =50
Where 8(t) is delta function. Assuming zero initial condition and denoting unit step function by u(t).
Find y(t).
Solution:
(a) Taking LT on both sides
(s2 + 65+ 5) X(s) = 12[1_L}
S S+2
24
s+ 1)(s+5)X(s) =
( ) ( ) X(s) )
24
X(s) =
(s) S(s+N(s+2)(s+5)
Response at t — e
Using final value theorem,
lim x(t) = im [sX(s)] ] _ jim sx24 _o4
i 520 s—05(s+1)(s+2)(s+5)

(b) Taking Laplace transform on both sides
Y(s)[s+ 1] =1
Y(s)=
s+1

By taking inverse Laplace transform
y(t) = eu(l)
(a) The Laplace equation for the charging current, i(f) of a capacitor arranged in series with a resistance
is given by
sC
-E
1+ sRC (s)
The circuit is connected to a supply voltage of E. If E= 100V, R =2 MQ, C = 1 uF. Calculate the
initial value of the charging current.

I(s) =

(b) A series circuit consisting of resistance R and an inductance of L is connected to a d.c. supply
voltage of E. Derive an expression for the steady-state value of the current flowing in the circuit
using final value theorem.
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Solution:
(a) Since, E =100 v(1)
Taking Laplace Transform,  E = 100 (t) volts,
s

Substituting the given values,

i) = 1x10s /100 _10°s 100
(2x10°x1x10%s+17) s 2s+1 s

Applying the initial value theorem,

i(0%) = lim i(t) = lim s I(s)

t—0 S— oo
-4 -4
i(0%) = lim s- 10 _ jim -10 =50 pA
S—o0 + 28 S—oo R,
S

147

(b) The differential equation relating the current i(t) flowing in the circuit and the input voltage E'is given by

+Ldi(z‘)
at
Taking Laplace transform of the equation yields,
E(s) = RI(s) + L[(sI(s)—i(0*))]
Assume, i(0*) =0
E(s) = RI(s) + LsI(s)
-+ Eis constant (d.c. voltage)

E= Ri()

E(s) = g: RI(s) + LsI(s)
E
I[s) = ——=——
(s) Ss(R+sL)
Applying the final value theorem,
. . SE

.= lim i) = limsi(s)=lim ———
fss [lml(t) s|—>OS (S) sI—>O S(R+ SL)

. E

lss = E

i(f)

o

The impulse response of a system S, is given by y,(f) = 4e!. The step response of a system S, is given
by y,(1) = 2(1 - e73). The two systems are cascaded together without any interaction. Find response of

the cascaded system for unit ramp input.

Solution:
(a) Taking the Laplace transform of the response of S, we get
4
Yi(s)= ——,
o) $+2
Xi(s) = 1. (x(t) =5(t))
Therefore, Gy(s) = Yi(s) -4
X((8) s+2
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YA = < (D) = D)
_Y(s) __6 6
Thus, Gele) = xzz(s) "~ s(s+3) ° 543
(b) The transfer function of the cascaded system is
3 3 24
A R )

;
The Laplace transform of unit ramp is R(s) = 2 Therefore,

as)= 24 .1
(s+2)(s+3) &
_A B _C D
=t —t—F0t—F
s S s+2 s+3
A- 24 |y
(s+2)(s+3)ls
d
B= %I:SZC(S)JS:O
_ﬂ{ 24 }__ 24(2s + 5) |
"~ Os|(s+2)(s+3)| (s+ 2)2(s+3)2|s=0
- _10
3
24 _
C= sZ(s+3)S:_2_6
24 :_§
D= 82(S+2)S=—3 3

c i_Es+i_8 -3t
=732 3

Taking inverse Laplace transform.

Therefore, o) = 4t- %u(t) +6e7 - %e’w
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Basic Semiconductor Physics

CHAPTER

EX} What is doping? Give the advantage of doping.

Solution:
Addition of impurities to the pure semiconductor and making it impure is called doping.
Adding pentavalent impurity can cause 4 covalent bonds with the semiconductor and 1 electron is left free.
Adding this donor causes a new energy level, below the conduction band.

E. (conduction level) n-type
————————————————— Ep (Donor level) ® @ @
® ® ®

E,, (Valence level)

Adding trivalentimpurity causes 3 covalent bonds and there is absence of 1 electron which will get occupied
in acceptor level just above valence band.

E (conduction level) p-type

e 6 6,
""""""""" En (Acceptorlevel) | g o ©,
— Ey (Valencelevel)

Doping increases the conductance of semiconductor.

A semiconductor has a bandgap of 0.62 eV. Find the maximum wavelength for resistance change in
the material by photon absorption. (Note: 1 eV = 1.6 x 10-'° Joules)

Solution:
hc

We know that =
Where, E = Energy bandgap = 0.62 eV (given)

h = Planck constant = 6.626 x 10-3* Joule-sec

¢ = Velocity of light in free space = 3 x 108 m/sec

A = Wavelength

-34 8

So. k:h—c _ 6.626x107"" x3x10

E 0.62x1.6x107"°
A= 2.004x 1076 =2.004 ym

(a) Describe the ‘Einstein Relationship’?
(b) Find the probability of finding an electron 0.2 eV above the Fermi level at 300°K?

Solution:
(a) Since both diffusion and mobility are statistical thermodynamic phenomena so diffusion constant (D) and
mobility (u) are not independent. The relationship between the D and u is given by the ‘Einstein
Relationship’, which is mathematically given as,
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D, b
P _ —n=y,
Ky [
where, V_is the ‘Volt-equivalent of temperature’ and is defined by,
kT T

V. =
™ g 11600

where, k is the Boltzmann constant in J/°K

Atroom temperaturei.e. T = 300°K,
V;=0.026V =26 mV
and u=39D
D, for Ge = p V;=99 cm?/sec
and D, =u, Vy=13 cm?sec
(b) Given that, T = 300°K
and E-E-=02eV
ie. E=E-+02eV
also, V= KT=0.026V
Probability of finding an electron 0.2 eV above the Fermi level is given by,
fE=E.+0.2eV) = E . J - — exp1(7_692) = 4561 x 10
1+exp| ———=
0.026
= 0.0004561

XY Explain Hall effect.

An n-type germanium sample is 2 mm wide and 0.2 mm thick. A current of 10 mA is passed through the
sample (x-direction) and a field of 0.1 Weber/m2 is directed perpendicular to the current flow
(z-direction). The developed Hall voltage is — 1.0 mV. Calculate the Hall constant and the number of

electrons/ms3.

Solution: y
Hall effect:

e |f a specimen (metal or semiconductor) carrying a current I’ is

placed in a transverse magnetic field ‘B’, an electric field ‘E is E

phenomenon known as the Hall effect. It is used to determine

=

whether a semiconductor is n-type or p-type and to find the carrier B
concentration. z

T
KX
induced in the direction perpendicular to both 7 and B. This %VH
1

)

Semiconductor bar

e As shown in the figure above, if ‘I’ is in the positive x-direction and ‘B’ is in the positive
z-direction, a force will be exerted in the negative y-direction on the current carriers. The current Imay be due
to holes moving from left to right or to free electrons travelling from right to left in the semiconductor specimen.
Hence, independently of whether the carriers are holes or electrons, they will be forced downward towards
side 1in the figure. Hence a potential, called the Hall voltage, V,, appears between surface 1 and 2. If the
polarity of V,, is positive at terminal 2 with respect to terminal 1, then the carriers must be electrons. If
terminal 1 becomes charged positively with respect to terminal 2, the semiconductor must be p-type.

Giventhat, w=2mm; d=02mm; I=10mA; B=0.1 Weber/m% Vy=-1.0mV

BI
V| = Sy = 1omv

where, p = change density (C/m3)

BI -3
_0.1x10x10 — 05 x 10% C/m3

b= VH—W 1x 103 x2x 1073
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Hall constant A, is defined by

R,=1/lp
- R, = 1/0.5=2x103m3C
since p=nqg
where n = number of electrons /m3
and g = charge of electron = 1.6 x 107° Coulomb
= _ 05x10° 506 g
1.6x 107

Therefore, Hall constant, R, =2 x 103 m3/C
and number of electrons per m3, n=3.125 x 1021

m A sample of Germanium is doped to the extent of 10'* donor atoms/cm?3 and 5 x 10'3 acceptor atoms/cm3.
At 300°K, the resistivity of the intrinsic Germanium is 60 Q-cm. If the applied electric field is 2 V/cm. Find
the total conduction current density? (Assume p.p/p.,, = 1/2 and n, = 2.5 x 10'3/cm?3 at 300°K)

Solution:
Giventhat, n,=2.5x10"%/cm3at300°K and p,=2p,and E=2V/cm
Ny = 10™ atoms/cm? = Np>N,
N, = 5x 10" atoms/cm?3
and also, p; = 60Q-cm
— 1 — 1 — —1
0= o= gg = 00166 (@-om)

For an intrinsic “Ge” semiconductor,
o, = n.qlu, + 1]
or 0.0166 = 2.5 x 103 x 1.6 x 10‘19x3up
or w, = 1388.8 cm?/V-sec = 1389 cm?/V-sec
. W, = 2u,=2778 cm?/V-sec
As we know that when semiconductor is smultaneously doped with donor and acceptor impurities then the
type of semiconductor it is can be determined as:
= If Ny> N, then this semiconductor turns into the n-type semiconductor and in this case conductivity (c,)
is equal to,

c,=qgu[Ny—N,]=16x10"19%x2778[10" -5 x 10'%]
o, = 0.02215 (Q-cm)™’!
So the total current density (here assume only n-type semiconductor, so only electrons are majority carriers) is,
J=o0,| El =0.02215 x 2 = 0.0443 A/lcm?
J = 44.3mA/cm?

m Consider the intrinsic germanium and silicon at room temperature i.e. at 300°K. By what percentage
does the conductivity increases per degree rise in temperature?

Solution:
The conductivity of an intrinsic semiconductor is given by the relation,
Oy = NM, +1,)G (1)
where, n, = intrinsic concentration
u, = mobility of electrons

1, = mobility of holes
q = electronic charge in Coulomb
As we know that with increasing the temperature, the density of hole-electron pairs increases and correspondingly,
the conductivity increases.
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From equation (i) itis clear that ‘o' depends upon ‘n,” as well as u , and My For finding the percentage change
in conductivity per degree change in temperature, we take an assumption that mobility (u) does not vary with

temperature i.e. it is more or less constant. In this situation, the conductivity (o, ) varies as ‘n;
= A, T2 e 0" (i)
where, A, = Constantindependent of T
Eg, = Energy gap at 0°K
k = Boltzmann constant
Now, from equation (ii),
ni = A(1)/2 T3/2 e_EGO/ZkT
Taking ‘In’ both sides we get,
Inn = — ! —InA, +31nT—
2 2 2kT
an. E, E,
- _’=§ﬂ+%d7=§+&.£
n; 2 T 2kT? 2 2kT) T
an;
n 2kT (i)
At T=300°K, kT =V;=26mV =0.026 V

Case-l: For Germanium (Ge):

an.
i) _ 154278 (LJMOO%
n, 0.052 || 300

increases = 5.53% per degree rise in temperature

Iﬂt

Case-ll: For Silicon (Si):
From equation (iii) we have,

an,
= 15+ 2L s 100%
n; 0.052 |\ 300
o, increases = 8.25% per degree rise in temperature.

Derive the expression for the Fermi-Energy level (E,) in an intrinsic semiconductor. For the same
effective masses of holes and electrons, show that ‘E. lies in the centre of the forbidden energy band.
Draw the appropriate diagram for this.

Solution:
Fermi level is the energy level where probability of finding electrons is 50% (when temperature is not 0°K).
As we know that the concentration of electrons in C.B is given by,

n=N, e(Ec—EF)/kT ()
where, N_ = amaterial constant
=132
N, = 2{2’”2—gﬂ} (i)
and similarly the concentration of holes in the V.B is given by,
p=N, o (EF—EV)IKT ... (i)
where, N, = amaterial constant

—13/2
N, = 2{%‘3”} (V)
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In equation (i) and (iv),

m,, = effective-mass of electrons
m, = effective-mass of holes

k = Boltzmann constant (in joules/°K)

h = Planck’s constant
In anintrinsic material, n= p = n,and since the crystal must be electrically neutral so, from equation (i) and (iii)
we get,

= n=p
—(E.—Eg)/KT _ —(EF-E,)/ kT

or NC e c™EF = N\/ e F~Ev

N e—(EF—EV)/kT

C

or L -

N, = o E IR

Nc (-EF + E, + E; — EF)/KT
or N_ = e F v c F (V)

v
Taking the logarithm of both sides in equation (v) we have,

m(%) _E tE -2E

(7]

N, kT

NC

or E.+E,~2E.= KT In| —=
NV

E. (Vi)

—— In| =<
2 2 N

This equation (vi) represents the expression of Fermi-Energy level (E,) in an intrinsic semiconductor.
Now if the effective masses of hole and electrons are equal i.e. m, = mpthen from equation (ii) and (iv) we can
conclude,

_E.+E, KT (NJ

v

N, =N,
. N,
In this case, In|—<| =1In(1)=0
NV
so, equation (vi) may reduced to,
Fermi-energy level (Ep) = Ee J2r E, -.(vii)

This equation (vii) represents that Fermi level lies in the centre of the forbidden energy band which is shown in
the diagram below:

E

Conduction|Band
L e -

T =300°K
T=0°K
Er / Eg
e e -
0 Valence|Band
0.5 1.0
— f(E)

(Energy band diagram for an intrinsic semiconductor and Fermi-dirac
probability function {E) at 0°K and at 300°K).
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E E
Density of electron in
n CB
L e AT
=
Density of holes

R e N
Ve

— > NE) —p(E)

(Density of status) (Density of carriers)

m The Fermi-level of an n-type Germanium film is at 0.2 eV above the intrinsic Fermi level (towards the
conduction band). The thickness of the film is 0.5 um. Calculate the sheet resistance of the film?
(Assume : n;= 10" cm3, u, = 3500 cm?/V-sec, p, = 1500 cm?/V-sec and k7/q = 0.026 V).

Solution:
Let us consider all the values of ‘E;/ and ‘E; are in eV. For this we have,

E-—E = len(”—Oj

ni
_ My
= 0.2g9= 0.026q In o
. 0.2 13
= n, = antilo x10
b g{o.ozes}
n, = Free (-)ve charge concentration
= 2191.4x 10" cm3 (D)
Now, from the concept of Mass-Action Law, we have,
e _ (10
Py = =

ny 2191.4x10"
Free (+)ve charge concentration
= 45633 x 109cm™3 ..(i)
The conductivity of this type of semiconductor is given by,
6= Q(no ) Mp)

Po

= c=16x10"° [(2191 4x10™ x 3500) + (4.5633 x 10° x 1500)]
— (76699.0069 x 1015) x 1.6 x 10719
6= 12.272 (Q@-cm) ! (i)
Since, Resistivity (p) = —-
(e}
o p = 0.0815Q-cm
So, sheet resistance of the film
L p-L
- R-= DT = th [~ Area = Length x Width]
= p= 00815, - 9163 102g
0.5um 1076

R =1630Q
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Analog Circuits

Diode Circuits

CHAPTER

m A voltage source V,; = 4 sin ot, is applied across the terminals A and B of the circuit. The diodes are
assumed to be ideal. Find the impedance offered by the circuit across the terminals A and B in kilo ohm.

A NI
1
D, Dz
4sinu)t<~) S 10k
10 kQ )
B
Solution:
In +ve half cycle D, - off (R.B.)
D,-on (FB.)
. Equivalent circuit will be A L
VAB o <
Lip = = 4 sin ot 0.C. < 10kQ
AB 10 kQ sSin ° p—
R = Vas _ 10k .
IAB B
For —ve half cycle,
D1 on, D2 off A I
Equivalent circuit, Vig = 4sinot ’ oo.cc.;
4 sinmt =
AB = 4 sin ot :;10kQ
10k 10 kQ I
%
A8 = R =10kQ B

IAB

A DC current of 26 pA flows through the circuit shown. The diode in the circuit is forward biased and it has an
ideality factor of one. At the quiescent point, the diode has a junction capacitance of 0.5 nF. Its neutral region
resistances can be neglected. Assume that the room temperature thermal equivalent voltage is 26 mV.

5sin(wf) mV L
> 100 Q

<
.||}—|4
AMA

For o = 2 x 10° rad/s, the amplitude of the small-signal component of diode current.
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Solution:

The small-signal equivalent model of the given circuit can be drawn as shown below. c
Given that, o= 2x 108 rad/sec

C/- = 05 nF i(t)

I = 26 A ’
- 5sin(wt) mvV d 100 Q

Vy=26mV @

n=1
Since, small signal incremental diode resistance, r, = nVr _26mV._ 1kQ

Inc  26pA
1
Q=1kQ

and impedance due to junction capacitance, — = 5 e
oC;  2x10°x0.5x10

So, total impedance of the circuit will be,

1
Z= | rl—"|+1000
[rd”/,ijJ'l' 00

1000) (/1 1+
fall% _ 10000 (=/1000) o, _ —j(1+)) , ) =%(1—j)k£2:(500—j500)£2
Jou;

1000- /1000 ~ T 2
Z = 600-500 Q
| Z| = 100436 + 25 = 100/61Q
;o Ve 5V 50

= = - UA=6.40pA
71zl 1004612 Je1" g

Determine the current I, and the voltage V_ in the multidiode circuit shown in the figure below. Assume
that, cut-in voltage VY = 0.7V for each diode.

T +15V
R,=5kQ
3 2
S R =10k
D, By
Vg i V)
. Ip>
< <
R=10k2 Z 2 R,=5k0
<

||||—0

Solution:
To begin, initially assume that, both the diodes D, and D, are in their conducting state.

By applying KCL at A and B nodes, we have

15-V 1%
o T ety M)
15— (V5 +0.7) Y )
and ++102 = % (i)

We note that V; = V, - 0.7. Combining the two equations and eliminating /,,, we find
V,=762V and Vy=6.92V

From equation (i) above, we obtain
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15-7.62 |
% = 192+%=>102=—0.786m/\

We assumed that D, was ON, so a negative current is inconsistent with that initial assumption.
Now assume that diode D, is OFF and D, is ON. To find the node voltages, we can simply use voltage divider

principle as
5
V: _— =
8 (5+1oj(15) oV
10
d V = = —_— — . = .
an 5=V, (1O+5](15 0.7)=9.53V

These voltages show that diode D, is indeed reverse biased so that 7, = 0.

m Find the diode current 7, in the circuit shown below when the diode has cut in voltage, V, = 0.7 V and
forward resistance, A= 25 Q.

100 Q
MW N E—
E—
Ip
* — < <
10V = =100 Q =100 Q
- T < <
Solution:
100 Q Ip
MW D~
. < <
10V == =100 Q <100 Q
< <

Given : Diode cut-in voltage = 0.7 V and diode forward resistance = 25 Q
Replacing the diode with its equivalent, we get,

100 Q 25Q 00 Q 25Q
AVAVAVAV II_M_ I AVAVAVAV II_M_ I
0.7V b 0.7V b
10V =— Z 1000 S0 10V = 5%1009 §§1OOQ
- p- @ - LY 3
Using KVL, ~ 10-1007, - 100(/, - 1,) = O (1)
-0.7-1251,+100(1, - 1) = 0 (i
Solving equation (i) and (ii)
10-2007,-1001, =0 (i)
-0.7-2251,+ 1007, = 0 .(iv)
Multiplying equation (iv) by 2 and adding, we get
10— 1.4 - 4501, - 1001, = 0
8.6 = 5501,
I = 58 1563 mA

550
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m The ideal transfer characteristic of a particular circuit is given in figure. Design the circuit. Draw the

output waveform with proper explanation, if V; = 10 sin ot.

+8V

5V

N

0 +5V

+8V

Solution:
Slope of the curve between A and Bis

_(6-5_,

(8-95)
The circuit diagram for the above input-output (transfer)

8V

5V

characteristic is a two-level clipper as shown below.
Cut in voltages of diodes are zero.
For V. <5V — diode D, will be on and D, will be off

For V.> 8V — diode D, will be off and diode D, will be on

and

and

For5 < V. <8V — both the diodes will be off

and

Given that V. = 10 sin wt

or V.= 10sin0

For V. < 5; 10sin6 < 5= 0 < 6 < 30° and 150° < 6 < 360°
V,=5V

For V.>8YV, 10sin6 > 8 = 53.13° < 6 < 126.869°
V,=8V

For6<V. <8V, 30° < 6 <53.13°and 126.87° < 6 < 150°
Vo=V,

The required voltage-current characteristics can be written as

5V ; V<5V

Vo=V ; 5V<V <8V

8V ; V>8V





