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CHAPTER - 1
Electrical Circuits
Q1. Find transient charge of capacitor while charging through a
resistor. (2014,15)

Ans. Consider a circuit rﬂm a capacitance C in senies with a
voltage V is applied 1o it. As soon

resistance R and suppose
i ing current flows through the circuit

as the voltage is appli
and the capacitor starts charged. After time t, let the charge on

the capacitor _u_m.r&ﬂh and the potential difference between them

be V(1)
k Vﬂi: A

/~ O %® Riw

O it
o e R
Ad(t)
— -2 3
+.— —
1”1
")
Applying Kirchoff's voltage law to circuit we have
9 4Ri-V=0
c
dg |1 V
2 +munno. d_mu%* A2
1

In order to solve this differential equation for q, we need to
integrate it. This becomes convenient if we EEmﬂ_w through out by
an integrating factor na_u (VCR) :

1

exp(t/CR). lm.+ q. Lm.m.nmv?__ﬁ.hv = __Ia.nwﬂ: 'CR)
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"
m_m—ﬁnxﬂ: :2.:_ nwwﬁé_u {CR). K
Integrating with respect 10 time we get,

gexpl! n_ﬁ.mwﬁum.ﬁ.hnzﬁ..:nﬁ,I A

e

g=¥C+ A(exp(—t/ CR)
alue can be found

Where A is the constant for integration. Its v
from the known initial condition of the circuit.

atr=0g=0.
Fromeq. (4), 4 =— VC.

g =VC[1—exp(-t/ RC))
In above equation.

s x,g—>VC
This being independent of time, is just the steady state charge qq.
Let us now examine the dimensions of CR.
E [ofm] = [sec].

= ¢ .-q— =
(CR)=[Farad][o m] Vol
& denoted by ©. Now equation

e 3)

Thus CR has the dimension of time
(5) becomes

g(t)=4qp J1= exp(—t it}
ethod.

high resistance b leakage m
rement of hig Y et

e ————
e can be determined by studying
The circuil

C.|H. Discuss measu

Ans. The valueof a high resistan e deter
the discharge of a known capacitor through this resistance.

arrangemment is shown in figure.

v 1
Circuit for measuremen! of a high

esistance
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The capacitor C is charged to its steady state charge qp. by turning
_:.., keys k; & ky to | for sufficiently long time. The nmﬁnn:mu is now
discharged through the galvanometer by turning k; to 2. Let the first
Mm:nn:.,..: amplitude be 8. with a Logarithmic decrement k. Then we
dave
o = q.8p(14A72) A1)
Here, g, is the charge sensitivity of the galvanometer.
~ The capacitor is now charged again to its steady state chage q;
It is the al lowed to discharge through the resistance R for a time ¢ by
turning the key k; to 2 while keeping k; connected to 1.
,_:__n charge g remaining on the capacitor after this time is give by
equation as—
g = ggexp(—t/RC) el 2)
If this charge is now passed through the galvanometer and a first
deflection amplitude of 8, is obtained, then we must have—

g=q,8+1/2) .(3)
Combining equation (1), (2) & (3)—
S _ et/ RC
) = ¢ ).
t

R= Iﬂl A(4)

Cln| 22

0,

The _.aﬂﬂ_m_an R can thus be Calculated. It is is better to take a
set of observations for 8, corresponding to different times 1.

3] 1
In| —[=|—=—=|t
8,) \RC A3
So, it could be a straight line passing through the origin and having
A 1
a slope m given by, m=—.
mEveR T ke
This experiment iw__ yield the true value of the resistance provided
that the capacitor is an ideal capacitor having an infinite resistance. If
the capacitor has a finite resistance R, the resistance R evaluated as
above will be a parallel combination of the high resistance Ry,

111

R R R,
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Now, R' can be obtained by repeating the above experiment with
the capacitor being allowed to discharge by itself rather than through
the external resistance. If the first deflection amplitude obtained after

self-discharge of the capacitor for a time £ be 8. the leakage resistance
R' of the capacitor is given by—
t

Cln y
6

If a set of observation is taken in this case

calculated from slope of a graph of In(8, /6)) vs.t.

R'=

also R’, can be

Q3. Perform mesh analysis of a T-network. (2014)
Ans. A T-network consists of three impedances Z;Z; and Z3

arranged in the fo
power from a source 0 a load.

== Z ry Z,
T v | 0 ) |7
E H; =E )
Loop | Loop 11

mpedence be Ej, & Zp, respectively

let the source voltage and i
t thus becomes a

and let the load impedance be Z;. The entire circui
two loop network. The mesh equation are

Zyh+ 2l =E 0

Zyh +Zph =5
Where, Z;| & £y are selfimpedances of loop [ &1, _.nm_..__.nn_._ﬁ_m.
Z,; and Zy are their mutual impedances, £ & E, are _.am_u_oa:ﬁ_w the
sources voltages in the loop and I, and I, are the assumed mesh ﬂﬁ.:m
with their positive directions as shown in figure. By an examination

of the network.
N___ “..TN& +N_ +Nu
2y =2y =23 AD
Ey = EyEr =0

Using Cramer’s rule, we can now write down for /| and /2

rm of a 'T". It is often used for delivering electrical.

B.Sc. - I Year : Physics : Paper 111/ 5

_”m, m_é
. LEx Zn| _ (EiZn —E:dp)
Zy Zn | (Znfn—4Lpin)
L L
/) =— Ey(Zy+ 24y + &) 0)
(Z, + 2+ ZNLy + 2y + 2 jodid
ﬁ: m@
/) = Zy By __ZnE -4k
Zy Zin | (£yZyn-2a4p2)
Zy £y
Z3E,
I, LA4)

_“N_m.TM..\H +NuxN..._.+NM+Nh~|.N.“_.w

The voltage across the load impedance Z, which is the output
voltage of the circuit is, therefore, is given by.

Eopi = LZ;
_ Z3Z, E
BT By Ne sty By =B
Q4. State and prove Thevenin's Theorem. (2014,16,19)

Ans. This theorem states that "Current in an impedance Z
connected to two terminals of a network is the same as if Z quw
connected to a voltage generator whose generated voltage is nm_EH to
the open circuit voltage at the terminals and whose internal impedance
is nﬁ_cm_ _o.:._n impedance of the network looking back from the
terminals with all generators replaced by their internal impedances”

is given by
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and the impedance between the output terminals looking back
into T-network 1s given by
7 =7+ mmlf.wl_._uhﬁl__
o = m.w.__. + ._..u_ + 2y

Therefore, from above circuit, the current /; through Z;, will be,

/ _T._: T\.?N_...__h.x&_: t N_ + M-d_._
g = = .||..Ir|| -
Zetli zy4 o R
\h.__v t \.w_ ._.bm._.
E,Z
I — B |

T2y 42+ T2+ 2+ + 22,
The current /; can be also be found independetly from the mesh
analvsis of the T-network. The mesh equations are

‘L._‘._:qu_ATNuwv...-._l.Nwa-.__.”m__.v
Solving these for [y, we have.

(Z, +Zy+ 23) By

5. B 0
L Zy 2+ 23) ~Zy
| -7 _..N.# +.M..1u +N.m...‘.
E,Z, B
h; = = 5 2
_.\.\.__..__._m.-_..._\.w.“”:“\_._.g*;ﬂm ._.NG“I_N..J
E,Z
_: - B

The equations (1) & (2) are identical. This verifies theorem for a
T-network by Thevenin's theorem.

Q5. Discuss transient decay of current in an inductive circuit.
(2014)

Ans. Suppose in the circuit the two way key is turned to 2 alter
the circuit has acquired steady state. Thus there is no external voltage
acting in the circunt and the circuit corrent will gradually decay from

B.Sc. - I Year : Physics : Paper 111 /7

its steady value I to 0. As soon as the current start decreasing, an
induced voltage will appear acorss the inductance L. [ts magnitude
i
ot

polarity will be such that it opposses the decrease in current by sending
a current in the same direction as i(t). Applying voltage law,

o
elt

will now be h..h because (di/dr) is now a negative quantity. Its

ir)

i .
___..._ln..__.lm.__.__ﬂ__n_u_ A_w
Rearranging, this
di R
= = IHE L A2)
Integrating this equation
In{ = u_. +A4'
I «A3)

where, A" is the constant of integration.
aL = .U. it) _n..

oo A'=lInly

Substituting this value in equation (3),

i =lgexp (/7).
L

in
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Q6. A potential difference of 10V is connected to a serjg
combination of L = 1.0H & R = 100Q. Calculate the tim,
constant and transient current a time constant.  (2014,13,

Ans. V=10V,L=1H,R= 100€2.
L

time constant, T=—= I_l
R 100
a =

=0.01sec.

ransient current at 1.

i) =0.6321,
s

(1) =0.632 %=
R
10

i) =0.632x—.
100

i(r) = 0.0632Amp.

Q7. Find equivalent circuit of transformer. (2014,15,17)

Ans. Let T network of two Coils has impedances Zy. Z3, Z3.
thin wires, both coils have finite d.c.
ts d.c. resistances of these coils. Lel
tance R is connected in coil 1 &

Since coils are made using
resistances. Let Ry & R; represen
energy source V. of internal resis
load R, is connected in Coil no. 2.

Nn w. mﬂh

~

I

(1)

-
U
)
=

Let iy current flow in the first coil due to source of voltage. I
cause an induced voltage in second coil which produces i current 10
it Current i, in second -oil will induce a voltage in first coil through
mutual inductance which will oppose V. Thus voltage relation for the

two circuits can be wrilten as—

= ._qm T — ——
(R + Re)h h dt dt
diy,  Mdi

and = R, )i +
and 0 =(R +R.)" dtdt

quency of source voltage in coil 1. then phas®f

Let wbe angular fre
potation gIves.

L) .
B.Sc. - I Year : Physics : Paper 111/ 9

Vi=(R + Rg )iy + jLywiy — Mjwi,
. _QH_H.H_ + ...Nh U—_ +.__..=_..N\n....u l._.—.ﬂ...:..h.m
Writing current & voltage relation for equivalent T-network
V=(Rg +Z, +Z3)i) - Z31
Comparing the respective equations
N.w H-.:.Ea%
_.__Wh. .—.NM +Nw-”~ﬂh. +hu +l_=.ﬂ.mxw
These equations will gives—
Zy =Ry + jw(ly - M)
Zy =Ry + jw(l; - M)
Zy = jwM

Thus equivalent T-network for transformer will becomes

Q8. Write short notes on mexwell's bridge. (2014,16,19)

Ans. From the figure—




e

T —
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Z, =R+ iXi=R+ .ﬁ.,,._r__,
Y = ...___:. 4 )
Z, =R+ h”._ - M., cariable self-inductance of Cong
1
The inductance Ly

_.mj_
of the same order as Ly The brig

B gy
: = o - | :n |
resistance, ils. ,aﬁ_p?”& vuﬁ.rc“_ the resistance R4 cq_.m 1. w._:rj__u:;.@
balanced by varying Ly a tant and the resistance o n:... of __._n. o
R, and R, can be rnm.__.._nwnu connecling an additional resisiance in thy
two arms can be varied by
- The balance condition is that.
_N“h..“ = -..wu.N_._ )
r
s My U R Im.h___ .....___..r:.ru
AT LY SN AR 1 | . ’ . )
E _____:__". the real and inwginary parts on both sides. we haye
quating ¢
.ﬂ_m.. = .ﬁ“ mﬁ.—
R R-
s &
Ry R
and .._...__u_ xu =wly R,
x.r M h,__
or Li=1L R =1, 7

Hence. the unknown self Encnm_:nm. can be :..wﬁEnMn in HMH

f known __.H_ES:R L, and the two resistors. an_mm_qm .H_mnﬂ ;

; balance independentiy and the 3:9:0:%, are E.n%n en a_

#mn.uﬂ_n_._mﬁ:nw This bridge is ofien used for measuring the iron losses o

the transformer at audio frequency. | .
The balance condition shown vectorially. The currents I,

1 § hu 1. ) i
are _uﬁﬂwﬂm H_wﬂ_,”n_.__ﬁ_w brought about by adjusting the _%nﬂw M“
different branches, so that these current lag behinds the applied c_uoa__m__
V by the same amount. At balance, the voltage drop V, an& o
| 1s equal to that across branch 4 and I3 = I4. similarly, <o| n_ﬁm
V; across branch 2 is equal to that across branch 3 and I =1

—

K,
Q9. A Carbon resistor has four colour bands as brown, blac

& im
orange and gold. Calculate the correct value of the resista

15)
of the carbon resistor. ||nmm__..1..

Ans. First two bands denote the first two digits of the aﬂmﬁﬁw
value while the third band denotes En :Euw_n_. of zero to be a b pand
the first two digit in order to get resistance in ohms. The fourt
indicates the tolerance of the resistor,
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Brown — |

Black - 0

Orange — 3

Gold — 59,

The resistance of given resistor is 10 x 107 + 594

Q10. A Carbon resistor
Voilet, Orange, Sily

as the following colour bend : Yellow,
er. What information does it give about

the resistor, (2016)
—  istor

Ans. The resistance valuc is 47 x 10 1 10%
-_—

QI1. Calculate the resistance of g corbon resistor having four

colour bands as Green, Black, Red and Silver. (2018)
——  7ANds as i)

Ans. The resistance value is 50 x 102 + 1oy,

_— —
QI12. State and PTove maximum power transfer theorem,
(2015,18)
- P e ————

Ans. For a dc network maximum power transfer theorem states
that—

A resistive Joad wil] abstract maximum power from a netwark
when the load resistance is equal to the Fesistance of the network as
viewed from output terminals, with al| ep

I

R,
the connecting wires, | et R, =
betwork as viewed from termi

According to this theorem, R
the network when Ry =R,

1|il11|r|.r|||i|;-|1|||1|i.r|-

mm + R = inte
nal A and B.

L Will abstract maximum power from
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I =
Circuit current R, +L_.~_. - PR
consumed bY load is P1 = L
Power
2
E°R
PL= 1|11L.Iw.m |
(R + R
For Py tobe DN
g
dR,

Differentiating equation
get.
1

0=E|——3

(1), wrt. Ry and equating it 26
: b

2R,

R +R)} (Re+RY

= 2R =R +R

= _ﬁh = hﬂ
Maximum Power,
E’R, _E' _E’
H..Uhf.:wu! hhm lhhh L.»ﬂ_.

Q13. Transfer the following network into T-network. (2t

36 R _
" R
e 36R
Qe e S
Ans. Here Zy=Lg =Zc=36R
.H—.Hm_ﬂ. N_ ”.Ill...llllllN‘__LnNm "llmmxmm = _.M_m
N.._._ +Nm+Nh. 3I6+36+136
Similarly, Z, =— “82c __ __36x36 _ 3¢
Zy+Zp+Zc 36+36+36
& Zy=—272cZs  _ 36x36

e h..

(/ a .. k.

B.Sc. - I Year : Physics : Paper [11/ 13

Q14. Obtain capacity of a capacitor using schering bridge.
(2011,13,15)
Ans. It is one of the very important and useful methods of
measuring the capacitance and dielectric loss of a capacitor. In fact, it
is a device for comparing an imperfect capacitor C5 in terms of a loss-
free standard capacitor C,. The imperfect capacitor is represented by
its equivalent loss-free capacitor C, in series with a resistance r.

m_nu

n_,N;w.\

Cy

D

For high voltage applications,
Junctions. The junction between
capacitor impedance at lower
resistances, most of the voltage
the junction affords safety to the
while making balancing adjus

the voltage is applied at the
arms 3 and 4 is earthened. Since
frequencies are much higher than
will appear capacitors. Grounding of

operator from the high-voltage hazards
tment in arm 3 and 4,

o =
_I.uh._
.NM — 1.|I|...__.||
we,
Zy =Ry
1 R
Z, = _ 4
(7R + jwCy 1+ JWC4R,
For balance,
== _.ﬂ .
2% s}y b Ry
wC, wey || 1+ jwC,R,
|L._.mw o
(1+wCyR, )= -
wC, aRg)=Ry|r &
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Seperating. real and imaginarics, We have,
.HWH = ﬁ...,_ﬁ.hh ! .m..w..._.
N.—._.n_... r= xu ﬁﬁrh .___ﬁ..___ ”_

e ——

for the

ression
Q15. What is ballistic galvanometer? Find an exp

z meter.
current sensitivity of moving coff galvans (2013,15,18)

e

i il
" tially a moving cO!
:cti lvanometer is €sSENi ire of many
Ans. Ballistic ga lar coil EFGH of wire

B ich consists of rectangular uartz fibre
m&ﬁ:&iﬂ E:.M :M”-Bn_m_:n frame. : 1 mzmﬂmm%h m_ucw_mm_.cn core C
turns wound on ng permanent magnelic poles N.5. o e coil-and
between two SITONE f the galvanometer at En _._H_._._ St samelic

g Hm:%oﬂmﬁn%_.a pole pieces are cylindrical so

is detac i

f irection
il remains in the direc
2 : ial field plane of the col ] the field
field _m_.JM:_uq_.. Mwn__.”qﬁ_wmo_mﬁ_._o:,man core is used to concentrate
of the field1 .

in the central region of the pole pieces.

w4

M

Moving coil galvanometer (a) front view

_ ides EF and

. | the length sides EF &

{ is passed through :._m o0 : As radid

Esnwmﬂmwﬂqnn mﬁcé_dmn by Fleming’s left hand _.-c_M.r.wn field if

P epe ield B i used, the coil remains along o and oppost

qﬂmmﬁﬂ:i: hence the length side mxﬁm:aﬂn%rng”._?wwn constitu

SN ¥ : i he plane of coil. Thes ol

agnetic force perpendicular to the p el the tors!

:ﬂm.mm__“m:m couple and controlling couple is prov _mﬁ___ w.w are equd!

; .wn suspension fibre. In equilibrium these two COUPIES
in ;

B.Sc. - 1" Year : Physics : Paper 111 / 15

Tap view moving coil Galvanometer

Deflecting couple for one turn of coil = iBlb

‘For n turns deflecting couple = niBlb

But Areaof coil A=1xb

In equilibrium niAB = C6. A

Where, C is couple per unit twist of suspension fibre and O is the
twist is fibre. Equation (1) indicates that the current 15 dircetly
proportional to the deflection. The proportionality constant is called
current sensitivity. 110 is measured (in mm) on a scale placed on meter

away from the galvanometer by reflected light from planc mirror
dltached to the coil. then

o

i ——

ndB
c ! C

" ||

1s called current sensivitity.
0 nAB N ¥

It 1s defined as the current o produced deflec
a scale place one meter awuy from the

Bt

nAfg

Galvanometer is more so
produce unit deflection. Hence,
by increasing number of tumns

between pole pieces and decre

O:... A voltage v s applied across a series combination of
inductance L and a resistance R, show only by graphs how

do the voltages across |, and R vary with time during the
transient state, (2016,18)

ries with a
is applied to it.

tion of one mm on
zalvanometer. Hence

nsitive il less current is required to

Galvanometer is made more sensitive
» area of coil, magnetic flux density
asing couple per unit twist of fibre.

Ans,

Consider a circuit having an inductance L in se
re

sistance R and Suppose a steady d.c. voltage V
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di
|hmm

L]

i

Vil

v I

._Pn_—u_u_.w_._m Emn_._om.m law—
Ldi  pi-v =0
dt
Rearranging, we gel
llumlltmq = P&.
(v-R) L
[ntegrating,

u
n%g?lm:um+n

Where, C is constant of integration.

Atr=0,i=0

i = 1y[1 - expi{=t/t}].

V L

where, [o ummﬁﬂum,

B.Sc. - I Year : Physics : Paper 111/ 17

T T e e
exponential
curve
time
Q17. Define Quality Factor Q of a resonant circuit. (2016)

Ans. The Q factor of an R-L-C series circuit can be defined in
two n_m.n_.ma ways-Firstly, It is given by the voltage magnification
produced in the circuit at resonance. At resonance, current has

EHEE:E_E?HEW.{a:mmnmn_.omunm na:aqnm_umn_ﬁqﬂ...a
X0 or fgXy. Supply voltage V = I, R.

G
Voltage magnification X0
I,R

Q factor = %ainn _ X _wol
A 1ve power R R

.A ﬁ Q-factor = Vo _ foXco _ reactive power

¥ LR active power
5 X €o _ reactance _ 1
R resistance woCR

@?nno_.nmwmu 21/oL =tan¢
= 1
Second, The Q factor may also be defined as
O-factor = 2n. maximum stored energy
energy dissipated percycle

1
3 2

O-factor=—=

N ;
I"RT, I*R(1/ Fy)

B2 L wL
& R W,CR
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= 7,=Zy=(15+j30)

Q18. A T-network has the impedances Z;
ent n-network.

ohms. Calculate the impedances of an equival
(2016,18)

Ans. Given, Z, =Z,=Zy=(15+ j30) = Z, then.

e —

L2+ 2 212
¥, 5By Tp= 12+ MNWJ( 324
2

2
2 37 =3(75+30)

Z

i
harge qg is discharged

Q19. A capacitor C having an initial ¢
through an inductance L and a resistance R In serles, Write
harge on the capacitor

down the differential equation for thec 1
during the transient state. State the condition for the

discharge to be oscillatory. (2016)
Ans. Consider a circuit having a capacitance C in series with an
inductance L and a resistance R as shownn in Fig., and suppose that

the capacitor has an initial charge go on its plates. The initial potential
difference between the capacitor plates would, therefore, be qg/C. This
4it and would send a tra nsient

would act as a potential source in the cire . d a trans
the circuit in the direction shown in Fig. The

current i(t) throught .
current results n 2 voltage drop Ri across the resistance and
L4 Ri +£_n

di . e ;
an induced voltage ..wm.m across the inductance L with 1ts polarit

a5 marked in the figure. We can now apply Kirchoff's vo
this circuit. We thus have

Jtage law !

di _pivd-0 Al

; i ) o
where q is the charge remaining on the capacitor plates at E”
e

Since q is decreasing with time, the current i and di/dt are g

st
B.Sc. - [ Year : Physics : Paper 111/ 19

_dq
- .9. dt gt A%
Substituting from equation (1) in (2), we get
n__w_m. d
L +RE L2 -
_mm___M di C &

Rearrangin .
- g and making so PR .
Bedtimes g some substitutions, this equation

d’q d
.+.M__ﬂ.|hw+ 2 ==
dr’ dt D=l (3

R i

L. S
. 2L JLc
quation (3) is a linear second i
j ; -order differenti i
be solved by assuming a trial solution of the _,n.:” sl
i g = A exp (mt), ;
ere A and m are some ¢ -{4)
found out. Di e constants whose values ar .
Differentiating equation (4) and substituting m.-w_ ﬂmﬁcwﬁ”._ﬁ
10n

(5), we have
(m? + 2km + @ )g =0,

For this equation t
: o be true at all u ; :
brackets EFMH vanish because qft) = 0 for m:_d_m” Hq,mrm R
m - +2km+w =0 e
{3)

which is a quadrati .
ratic equation with
w as the kn 2 e 1ith m as the unknow
own coefficients. The solution of equation .“E,:_ S
15

m=—k K —?

Substituting thi
i g this value of m in equati
possible solutions of equation (3). T} mmm%“o: (4), we get the two

g=Aexpl-k+ &2 rEJ ‘)

and ¢ = dexpi—k - 4/k* ~ot}t,



18 / B.Sc. - I* Year : Physics : Paper Hi

=Z,=2Z;= (75 +j30)
alent n-network,

Q18. A T-network has the impedances Z, &
ohms. Calculate the impedances of an equiv

(2016.18) —
Ans. Given, Z, = Zy = Z, =(75+ j30)= Z. then.

N.._ HNWHNP. .N.u
=32 sy o 35430))
z
Z, =2y =2 =225+ jl150,

Q19. A capacitor C having an initial charge gq is discharged
through an inductance L and a resistance R in series. Write
down the differential equation for the charge on the capacitor
during the transient state. State the condition for the
discharge to be oscillatory. 12016)

Ans. Consider a circuit having a capacitance C in series with an
inductance L and a resistance R as shownn in Fig.. and suppose that
the capacitor has an initial charge g, on its plates. The initial potental
difference between the capacitor plates would, therefore, be qo/C. This
would act as a potential source in the circuit and would send a transient
current i(t) throught the circuit in the direction shown n Fig. The
current results in a voltage drop Ri across the resistance and

B PR
LIl W
L R &
[ 1)
di )
an induced voltage —; across the inductance L with its polanty

as marked in the figure. We can now apply Kirchotf's voltage law
this circuit. We thus have

]
|l~q ﬁ||}..m.“H|.:. !
nb. { .._.._

_..r._f...qr. L (] H_F. C p.—._um.._._..._ ﬂr."._.—p:..::u,.nu on _._..rr. _r.p.n_Jb_r._H_r.__ﬂ _.J._..u._n.-..f.. al IRTLES 1

Sinee g is decreasing with time, the current i and di dt are given b

B.Sc. - I Year : Physics : Paper 11 19

=1
»

) |.IM.M o _ d°g

dr -E..h ar- 1=

Substtuning from equation (1) in (2). we get

d-
199, 5%, 9

di” dr
Rearranging and making some substitutions. this equation
becomes
hq.._:__ i, 5
— = 2k rm__IE.%H&. 3
T di o
where,
R I
._.m = .n.l R —F
21 JEC

Equation (3) is a lincar second-order differential equaton. It
be solved by assuming a trial solution of the form
g =Aexp (mi), =)
) Where A and m are some constants whose values are ver :L ?.
found out. Differentiating equation (4) and :
(3). we have

can

substituting in equation

(m !“hEJrEuI =,

For this equation to be true at afl bmes L the g
brackets must vamish because q(1) = 0 for all ©. Thus
m-+2km+ @ =0 .

which is a quadratic

0 as the known coefficie

wantny within

. . )
equation with m as the unknown and k and
nts. The solution of equation (3) 1s

m=—k ik~ _ gt
Substituting this value of m

| in equation (4), we get the twe
Substituting thi . 2 getl the two
possible solutions of equanon (3). These are - o
(At

4= ..mﬂ.rﬂ.d_l..__. + f.____...r x5 Jall 3

.,:...._.. Hl_m - _..,..._mu - ..._...._ i

and =

%
The tvo solutions are equally valid for o

A In genee o1, they can b ditfe
the constar 1o be A

nv value of the constant
et lor the two solutions. 9

. O we take
i the first case and A the e

cond case We
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also know that if there are two equally valid solutions for any
differential equation, their sum would also E_u a valid and _._Eﬁ.ﬁmm_._ﬂm_
solution. Thus the general solution of equation (3) can be wrillen as

2 2
g = A.expi-k +.,___mu|8fz+.$nm3|_w1 P owy . -46)

Equation {6) descnibes the variation of the charge g on the cpacitor
with time L.

For k2 <! R< J(41)IC
In this case the number p(= Jk? —?) will be an imaginary
number. Let it be jo' where j=+—1 and @' is given by
PR [ (o

Therefore, the final solution of the di mln_.nzza._ E:E.Eﬂ _,:_,M”M
case will be obtained by replacing p by jw' in equation. We thus

.. .HTTE;_
git)= Ao _@_,».TL__.E_HETTQE#H:# +‘:=,‘_au Q
jo'

—kt

Pod

_. m_n__E_. .N_.HE_.H + m.-IL_..E_m
® 2f 2
(1 " ;
= gge ™ ﬁl sinw't + cos 't |, AT)
w

where we have used the exponential representations for sine and

cosine functions. Since w’ T k2 Lo, and x nm_ﬁ be represented
by the sides ol a right angled triangle as shown in Fig,

B.Sc. - I Year : Physics : Paper 11/ 2}

Substituting for k and ' in in terms of  and ¢, where ¢ 1s
defined by the equation

$= tan~ 2

k
equation (7) becomes

(1) = goe™ Zsin(w't + ¢). A8
{1y
The current i (t) throught the circuit is, therefore, given by
: iy
N=~—
ih!) i
= |ac_m-r W_T_m sin{w'r + ¢) + o’ cos(w'r + .3._
@
2
= —gpe ™ 8|;|ncm?m_:.‘.5_h +$) +sin dcos(e't + $}
I
e g
==gpe  —sinw! 9)
(11}

equations (8) and (9) give the charge on the capacitor and the

circuit current when R is less than /(4 L)/ C. Wecan not draw graphs

showing vriation of q (t) and i (1) with time. Since they both contain
sine fucntion, they must be oscillatory.

Q20. Explain damping in moving coil galvanometer, How will You
measure a capacitance using a ballastic galvanometer? (201 6)

Ans. Damping means dissipation of energy of rotation. This
dissipation of energy is due to partty to mechanical effects and due to
electromagnetic effects from the coil circuit.

Mechanical damping is mostly due to friction produced ocuring
to motion of coil in the air surrounding it.

A small dissipation of energy is associated with fixing of
suspensions (elastic hystresis).

Electromagnetic demping is produced by the induced effects when
the coil moves in the magnetic field and a closed path is provided for
the current to flow. The eletromagnetic damping is because of eddy

current produced & current circulated in the coil circuit by emf
generated in the coil when it rotates.

=
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The capacitance is defined as the ratio of charge Q stotred in the
capacitor voltage V between its plate. The charge can be measured by

a ballistic galvanometer as in circuit shown—
o 0N
)

G g

c
1
f

|
1

g 1
1y
11
The capacitor is first connected to the voltage source and charged
sufficiently long so that, for all practical purposes, it acquires the steady
state charge Q. It is now connected to the ballistic galvanometer. A
transient current passes and the galvanometer shows deflection
amplitude 8, with successive amplitude decreasing with logarithmic
decrement A. the charge Q is then given by—

A
g= Q__u._ I+ m.

& therefore capacity C can be calcufated
A

B [
. C==8|1+=
das ﬁ. I N

Q21. show the vector diagrams for the voltages Vp V; & V. ina
series resonent circuit when the frequency of the applied

voltage is (i) less then (ii) equal to, (iif) more than the resonant
frequency of the circuit. State the nature of the circuit
bhehaviour in each case. (2015, 16, 19)
Ans. Consider an alternating voltage v(t) applied to a series circuit

as shown in Let (t) be the resulting current

L C Rr

i)
A
@fﬂ

Fig. A series resonant circuit.

B.Sc. - I¥ Year : Physics : Paper 111 /21

Applying Kirchoffs voltage law we get

dift) | .

ot Jiod A1)
An identicai equation wiii hoid good between corresponding

violors

vir)= Ri(r)+ L

v um.:hmwT:Er
dr O
where the voltage vector V

Substituting for dl/dt and ...__S_.. equation (1) becomes

V=RI+ jolL! + /
JoC
P 3 .
or, —=htpHwLb——— | =R+ jX=7,
f L En.w ¢

i:nq.n Z _....,.. the complex impeance of the circuit. It has a real part
R EE an imaginary part (twl - 1/C) which may be positive, zero or
negative according as wl is greater than, equal to or less :E:. r.f_ﬁ__
Z for the thice cases, In every case it can be expressed as |

Z=|Z|elt
EXTH
e Jot
Jlut- p L
um H\J . Jot
P R | E=R
R
.um__ -....m: Jfot- 5o
il
T
v
SO0 S M TS S
&i . X -
i 1-_1.._11 - V.
ﬁ ] " T .m“
vy niﬁ....—.ﬁr
2

I ]
WL >
@) SE P e ) WL =ds 1§ zero _”.:E_.nhd o

Vector diagrams Jor the series resonant circuit
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where

_-
2 — e | L
Io=Vol |R™+ wl oC

¥, and V- across the thre circuit elements
L

The potential drops Vg
R. L and C are given by L_..
j p— 5
complete vector diagram for the three cases menntione
is shown in Figs. _“_,E, (b) mnn.ﬁn”_,
From foregoing mhw_q,m_mmmm_
conclusions can be summanzec -

d the vector diagrams, following

1
i z }
(i) Current amplitude [y 18 Vo/ |R” +| @

t. ;
thus frequency dependen ; Favinga resistance R
2 o omplex impedance having : :
K ._.:M M:M“M_“”ﬂwww which is the resultant of an inductive
an

iti —iC. The reactanct
il and capacitive reactance —J e
Mm%”muv%queﬁ_rn impedance are frequency dependent. Thr
cases can be distinguished:

f J ||._ X wil
actance

(a) If w>1/ LC, wl> , the re y

pductV

| bt

positive and the circuit will behave as an !
ciruit.

J _ ¥ will B
=1/4JLC, wl=——, the reactance
by If =1/ -

4 ._
N . - pre circd!
zero and the circuit will behave as a resistive
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(c) Ww<l/JLC., wl< n_|_n the reactance X will be
Li}]

negative and the circuit will behave as a capacitive
circuit,
The three cases are shown diagrammatically in Fig.
(a). (b) and (c) respectively.
(i1} The phase difference between current and voltage is ¢ given
by equation. This is also frequency dependent.

(a) If 0>1/JLC, wL>1/(oC), ¢ will be positive and
current will lag behind the voltage.

by If w=1/JLC, wl=1/{wC), ¢ will be zero and
current and voltage will bein the same phase.

() Ifw<1/JLC, wL<1/(wC), ¢ will be negative and

current will lead the voltage.
This is again illustrate in the vector diagrams of Fig.

Q22. Obtain expression for the average power consumed in an

a.c. circuit. Show that the current through a pure inductance
is wattless, (2016)

Ans. Power is the rate of doing work. In a mechanical system it
is expressed as

Pl

dt
where F is the driving force and dx is the distance moved in a time dt.
In an electrical system, it is the electrical charg that moves and the
potential differennce provides the necessary driving force. It has already
been shown that the electrical power P is given by the product of
potential difference across the circuit and current through it.

In an a.c. circuit, since voltage and current are both tine
dependent, power will also vary with time. The instantaneous power
p(t) at any instant t will be

Pl = vl(t) i(a). (1)

If we take the voltage to be V,, sin . then the general expression
for current will be

i) = ._...c sin(r + ¢),

where [y is the amplitude of current and ¢ is the phase difference
between voltage and current, Substitating for v(¢) and

i(4) n equation
(1), we get

T
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= h.. i )
(¥e Yina = =i (M inivial = V.
t=RC=10x10"x05x10" =35

Lo Ve =Vl —exp(—t/ .

_ _
o | =expl—r/1)

Il
=
L

expl—r/3)=

—t/5=-0.693
t =3.4657 seconds.

rad | —

024, Avoltage 10.£0° volt is applied to the schering bridge having
2 =—j0.8BkQ, Z; = 1.0k), Z; = - 1.6kQ2, Z, = 2K2. Find its
Thevenin equivalent circuit and calculate the open circuit
voltage across the detector arm. 2017y

-

Ans, Given Z| = —j 0.840), Z5; = 1.0AQ), Zy = 1.6KkQY, 7 = 2402
Calculate Thevenin voltage (V,,) lopen circuit vollage} .
Current,
I
= —
.N— + Nm

10207
= I|.$ Sl c:i = (6.1 + j4 88)ymA
—j08+1.

O,.... =10 207 Vol

. _ﬂ \:9
Current, /- nl_.|u _10207

(3058 ¢ 2 44 e |

)62
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V.. =Z

.....—..;,..,..w.w.arf WOTSRS, \._ R
| NNG ]+ .h__h.xx”.
(2903 - jd 8K)
6249 —51.34° Vol
Viohage across 23, V.0 = £3 /5
—{—1.6)3.053+ j2.443)
_ 6256 —51.33° Vol
Thovenin voltage, Fy, =Fuy
[ =-F, +_rm_ +V, -V
¥, )+ o =)

il

Vo +¥

LB

(3904 — j4.88) +(3.90
(4 &x107° — j48x10 " )Volt
_ 6 TRE 2107 £ —45°Volt.

88— j4.8848)

I

short cirgunt

——————————— u.h
e (2 ) Tonnd 1D

date Thevean nmpedinee (4, b Le

ke

ey

e

Cali

. l i e
woltgpe sonree with s mtermal g
[ Vi (LS

i
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Zn =(Z 1 Z:)+ (2, || Zy)
414, + £37,

Z + 2, 23 +2,
(-/0.8)(1.0) 4, (=71.6)(2)
(=/0.8+1.0) (-/1.6+2)

=(0.39 - j0.488) + (0.781 — j0.976)
=(1.171 - j1.464)k O
=1.8752 - 51.34° 0
Thus thevenin equivalent circuir
Zp=1.875 £-5]°34°

Vih = 6.788 :ulﬁo 9 Detector

£—45° Vot

Q25. A S0KVA transformer has primary voltage of 6600V and
secondary voltage of 256V and has 32 secondary turnps,
Calculate the number of primary terns, & primary and

secondary currengs, (2017)
b:h- -m = h_r._.LJh.
hoN
256 _ 32
6600 N,
32x 660
Ny ===20000 oo
256

P=50KVa=50x107p4
P=9LV =50x10° - 1 = (6600).

S0x10°
h=—1—— <757 «
' 6600 Ampere
e i 1157 x6600
wiiEh 2= ||u.ﬂ.m[] = _Gu,m_ }H.:ﬂﬂw.r.
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= = o + of T.and ql L = n..m.mnﬂ.:n_ is watless Current?
Q26. Write short note on equivaleance of T and 7 ne .:..” : L A . : i (2018)
(2013,17, Ans. Current and voltage in A.C Circuits has a phase diflerence
of ¢ Since everage power delivered by the source is VI cos . the

Ans The T and = networks can be made electncally equivalery : :
recomponent of current. J sin é is called watless corrent because when

by a proper chotee of their impedances. Both are three terminal petwor,

with terminal 3 common between input and output voltage and current are 907 out of phase. no power is consumed in the
RS A SRR g I Esesisoa 1 circuit due to this component.

i M

Q28. In an a.c circuit with R and C in series find expression for

W ! [
' ) ]
. ' m current and phase betwgen current and voltage using vector
. __._ ! symbols for voltage n:?:.n_:. Draw vector diagram for
- ; - current and volta ¢ (2018)
. i 1 _— ;
e i SRS X L . | Ans. Consi urt as shown in Fig. and let (1) be the currem
IT they are 1o be equivalent. the impedance between any two of through 1t. Kirel oltage law then vields
these teminals must be the same for both the network Equating .:E o
impedances between terminals 1-2.2-3 and 1- 3, we get three equation
as follows— ﬂ
L ZAZp+Ze) sﬂ
7 2= R w1
._m_.; v .Nm w .N_“.. ,
g ZslZeZy) o
ST g e Ty A
Fu & F= _ ; .&‘ A3 V(1) nh:,:+|:_‘5€
T T Zy+Zgvic \ ¢
Adding up these equations. we get 3 Corresponding equation between voltage and current vectors 15
(Z4Zs +ZpZr +Zc2 ﬁhﬂ (4) 1
N g M.. BLx N.,r = - - o ! _—— lllbn
1 -2 . _.N...h g Nm LnL.IH - .— E A.I.. n-. nu_.h.
PR B i . (3 i 4). we have- . : g .
Subtracting equation (1), (2). € equalion ) where the voltage vector V 1s given by the equation Substtuting for

gl , ‘T dt from equation (3.21).

Z. =
T ZyrZy

Z; = ZLs _.u_:.+ : T.
B N.m. -__Nh.w 4h|‘.-1ﬁ| "I .._;.Fﬁ.l

N. i |I|N.».N._m__ 5 N .
= LN.A1N._m.1.Nﬁ, ’ or HH ._ﬂii___|ﬁ.l4ﬂﬂ._._w+.~.‘..._...f“.w.. ...n.._.T

. e
= s e n o - o = wvalent T L d ) . .
e ibove coltO o IR where Z is the complex impedance of the circuit as shown in

network 1n terms of known impedances of n—network. They are kKnow?
2s 7-10 T-transformation.
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Imaginary
Imaginary axis

“axis R Real

Vector diagrams for the circuit of
It can also be expressed in terms of its magnitude |Z| and the

angle ¢ between Z and the real axis as follows :
Z=Z|e
where

|Z|=yR? + X¢ =

X =1 1
- e e = lan p
p=1e0 R " wCR

The vector current | can now be wrilten as

jlwrsg) A |

The potential drops Vg and V¢ across the two circuit elements R
and C are

\ . 1)
V=Rl Ke=—2 s B

Complete vector diagram showing I, Vg, Vi, and V is given !l
Fig. alongwith the impedance vector Z,

The general conclusions from equations (1), (2), (3) and (4) M2
be summarized as follows :

B.Sc. - 1™ Year - Physics - Paper 11 11
. T
01s equal o J,/ [R? +——— which
y w

nds on the frequency  in

() Current amplitude |

implies that the current depe

~ addition to the circuit constants C and R and applied volta ge
(1) ﬁ:ﬁn:m leads the voltage by an angle ¢ given by equaion
(2). ¢ is also frequency dependent. larger the frequency

~ smaller will be the phase angle ¢ and vice versa ;
(1) The circuit has a complex impedance whose real pan 1s
equal to the total resistance R in the circuit and 1maginary

part is equal to the capacitive reactance Ne- -

029. 3..:— expression for self inductance of a coil using Maxwell's
bridge. (2018,19)

Ans. The bridge is arranged as shows in Fig. We have

N., H.am —
Ry {1+ joCy Ry L

I~
4=
I

Substituting in the bridge balance condition, we get

m_ J ] H|..._: __.L—.Eﬁ.‘__.__ﬂ.ﬂ.u.

R, R,
K, il R :

or, |_+L_ﬂ L2 10C Ry
Ry R, H._m.u
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Equating real and imaginary parts separately

Ry
m.._ = .__ﬂw —
Ry
and, L; = Ry R,Cy, (1)
By varyinng R, and Cy, the two conditions can be mm:m:.ﬁﬁ
independently. Equations (1) can then be used 1o calculate L) and its

effective resistance R,.

Q30. A 12V potential difference is connected to a series
combination of C=2.0puF and R = 1.OMQ. Calculate the

maximum charge in the capacitor and time constant the
circuit. (2015)

Ans. g =VC[l -exp(—t/RC)).
art - w, g — FC.

max =VC=12x2x107° =24x1076C
time constant, t = RC

t1=1.0x10"® x2x107®
T=12sec.

Q31.A T-network has the impedances Z, = Z, = Z, = (25 + 10)
ohms. Calculate the impedances of an equivalent n—networks,
(2019)

Ans. Given, Zy =2y =Zy=(25+10)).
_ Nqu +N.MNu +Nu.N_

Zy=Lp=2p= Z;
2
=2 2a
Z
=3(25+10y)
=75+30y
Q32. Write short notes on moving coil galvanometer. EE

Ans. A galvanometer s an instrument for detecting or measuring
electric currents. We shall confine our discussion to the d¢
galvanometer. It uijligg the force of interaction between the curref!
and a known magnetic field 10 prodyce and observable deflection
The conductor carrying the current jg taken in the form of a col

B.Sc. - I¥ Year - Physics : Paper 111 / 15

while the Magnetic field may be either that of that either of a
permanent magnet. it is possible 1o keep the coil fixed in position
and use the resultan; of the magnetic fields due to the current
and the magnet 1o deflect 4 small magnetic needle. The deflection
will then _u_n a function of he curren in the coil and can yield its
value provided other parameters are known. Such galvanometers
are known as fixed coij| moving magnet galvanometers, A simple
example is the tangent galvanometer, The other possibility is to
keep the magnet fixed in position and make the coil movable
under the combined influence of its own current and the megnetic
lield. The angular deflection of "¢ coil will then yield the valye
of current after appropri#*. manipulations. Such galvanometers
are known as moving coil galvanometers.

Q33.Write short notes on Current Sensitivity. (2019)

Ans, ¢ . = ¢
- 2000NAB
C, is the current required to produce a deflection of one mm on
the scale. It is known as current sensitivity of galvanometer.
Smaller the value of C more sensitive is the galvanometer. The
value of C, is usually measured experimentally by passing a
current / and measuring the deflection .

Q34.What is the time constant for growth of current through an
inductive resistance (LR) in series? (2019)

Ans, [ =[o(1-¢ RIL),

Time constant of the Lg circuit is equal to ..m It is defined as the

R
time in which current attains the value equal to 0.63 times the
maximum steady value.

Q35.State Therenin's theorem. Obtain Therenin's equivalent

circuit & obtain Iy when (2019)
ﬁ_.v _H_l =5002
(i) Ry =20000
3000 00 A
I|_’|., P, |?..$_.,|
+
10V R,
) 300 0
R
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Ans. Chapter 1, Question 4.

() Ry =50Q
= 2
L (i e Zp A BN B e 2+ B - 1
10 = 300
I = (300 + 300)(300 + 50 + 50) — 3007
10 % 300 10x300
= (600)(400) — 90000 150000
_qqh.. = G.—..-H..._.
(i) Ry =200 |
10% 300
= (300 + 300)(300 + 50 + 200) — 300°
10x 300
 (600)(550) — 90000
_ 3000 _ 401254
240000

s imppdance which will resul

t.e., smaller ripple factor. Likewise, for a given value of C, larger the

CHAPTER -2
Basic Semi - Conductor Electronics

—

Q1. Explain working of Capacitor filter in a full wave rectifier. or
Derine RC filters. (2014,18)

Ans. The circuit is shown, When the voltage across Ry rises,
the capacitor gets chaged. When the voltage falls, it discharges sending
an additional current through R £» hence an additional voltage across
R that tends to maintain e, constant. Thus the variations in e; are
reduced. This is illustrated in Fig. The action of a capacitor filter can
also be explained in an alternative way. The diode current consists of
ad.c. partand ana.c. part The d.c. part goes throught R; because the
capacitor offers an infinite impedance to direct currents. However,
for the a.c. part, the capacitor offers a low impedance. By choosing
the value of C appropriately, this impedance can be made small in
comparison to R, so that most of the a.c.

L

A capacitor filter.
part is by passed through C. The ripple voltage across R [RER

therefore, reduced.

TiME—»

Waveforms in a capacitor filter,
For a given value of R, , larger the capacitance C. smaller will be
Lin better by passing of a.c. component,
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resistance R;. smaller will be the .",E.,._.EH._ of a.e :.Eq.:drm.___:,:ﬂ_.m__, i
wheh wall result in lower nipple factor. An approrimate calcu ation
shows that the nipple factor for a full-wave Er,:_:_..ﬂ with a capacitor
filter is directly proportional to the ratio of capacitive reactance and
the load resistance. This is given by

e !

3R, 4[37CR,

r

. ; - T
where X is the reactance of the capacitor at the frequency 2f of
- -
the dominant altemating part of the rectifier output.

2. Discuss negative feedback amplifier. (2015,16,18,19)

Ans. The block diagram of a feedback amplifier is shown in Fig.
input voltage e is amplified by an amplifier ...._.__.,.u..m voltage gain is 4,
The output is applied to a feedback network which

T III".IIJ'I']III'-'.‘-I
S e [
|
n...___l..l. AMPLIFIER OF E
"' Plvoutace AINT[T T
\ 1
| A (
: ]
I m |
_ BE| FEEDBACK i
: NE TWORK !

L

A feedback amplifier.

denves a fraction 3 of the output and superimposes it on the

input signal e. If £ is the output in equilibirum condition, the resultant

input voltage is given by (e + BE). This amplified A time by the

amplifier, must equal the output £ in order to maintain the equilibrium.

Thus
fe+E)d=E 1)

The combination of the amplified and the feedback network is

known as feedback amplifier. A pplying an input e to this ncn.__u_.__m.,__n_a_
an output £ 1s obtained so that the effective voltage gain Ay ol the
feedback amplifier is given by

£ 4

dy = —s

e (1A

S —

g R

L £
BSc - ¢ Year Physics : Paper 111/ 39
| q_:_.m the &0 A, of the feedhack amplifier is different from the
gain A ol the amplifier alone. A s g)s0 known as the nominal gain or
the open-loop gain of the amplifier.
d_ﬁ m_..,_cq 4 B represents the factor by which the input singnal is
multiplied In going through the amplifier and back around the loop
through the feedback network. it is known as (he loop transmission or

the loo gain or the Yeturn ration. it can be €Xpressed from equation (1
a5

PE  feedback signal
(e+BE)  resultant nput signal ~(2)

I the feedback signal is in the same phase as the input signal, Ap
will be positive and Jess than | so that equation (2) yields A=A, e,
the voltage gain wil increase as a result of feedback. This type of
feedback is known as regenerative or positive feedback.

For feedback signlas in opposite phase with the input signal,
several possbilities exist, If jis magnitude | BE | < | ¢ |, AR will be
negative so that A< A.lf|e|<|BA < | 2¢ |, then AP > 2 so that 4,
| <|A| Thus for 0 < | B£ | < | 2¢ |, the feedback reduces the gain. This
type of feedback is known as degenerative or negative feedback. | BE
| larger than | 2¢ | results in increase of gain and i, therefore, categorized
as positive or regenerative feedback.

AP =

Q3. Define mobility of charge carriers.
conductivity of semiconductor.

Obtain expression for
(2014,15)

Ans. Mobility is defined as the ease with which an electron can
flow through the conductor.

When we apply a conntant electric field £, 10 a metal, the free
electons would be accelerated and the velocity would increase
indefinitely with time, However, because of collision ol electrons,
electrons lose energy of a steady-state condition 15 reached where a
finite value of drifi velocity V1 1s attained, The drifi velocity ¥, is in
the direction opposite to that of the electric field & its magnitude is
proportional to E.

ITa semiconductor is placed in an external electric field, its charge
carried experience a force and move in the direction of field. It is
often move convenient to talk in terms of the current density J rather
than the total current / through a conductor. Let p be the density of
free clectrons/charges in a conductor and v their average velocity,
within this conductor, consider a cylindrical region with its axis in the
direction of v, its length equal 10 v & its cross-section as unity.
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B

{ -
i 1 is pv e but ng
The charge contained in this n,.xrﬁ_nq is pv All this a:m”wm i
more will pass the cross-section in one mnmo:n. Hence,
i : on i nl density,
through ::u.._ cross-section [L.e., curre A
— v, ) .. _
Now, let _”m. consider a senuconductor —.._H_En; ”._._ w”. nx_ﬂ._r_“m_ﬁ_ hn v__
E. so that electron & holes ecquire average drift velocities eq .
& V, . respectively.

Then, from equation, the current density J,, due 1o the drift of

glectron is

; il
L__ﬁ. =neve . "_

& that due to the hole 1s -A3)
Sy, = npvy

Thus. the net current decnsity, J drift through the semiconductor
becomes

.H_._:_u. = e(nv, + PV ). . a > hene
The drift velocities are directly proportional to :”., ‘.%._.H_.u_; m.m__.__.u_ﬂ_”.ﬂ._
i 15 convenient 10 introduce a :ni.ﬁnﬂﬁsﬁnq_ En mobility u,
as the drift velocity per unit electnc field, Thus—

V. N
t__ = |l| '
E
Wy = _|,___.
A L’

from equation (4), (5).
..______._. ) __..__.._.__:—..__ + ._____._.___uw.

R . " N O T
Therefore the conducitivity o of the semiconductor, which is g
to current density per umt electrie field is given by—

ool ppy, )

|I.|.||ll..w
- . : oy
Q4. Draw clircuit ofa full wave rectifier a find expression for ripl

i
factor of this rectifier, _.u..,.__.—.mnl._!m_l.l—-@.\u

; ; otk e
Ans. A fullwave rectifier uses two identical diodes with Lf
omlerta

clancesn g Theahermatng voltage i applied through o centertl
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wransformer as shown in Fig. Referred 1o the ¢¢

end of the sccondary is positive, the other ¢nd
vice versa. Thus, il the vollage

nertap C, when one

will be negative and
between 4 and ( is

¢ = Eysinu,

A full-wave rectifier circuit.

that between 8 and C will be

¢y = =L, sin i,

For time ¢ between 0 and 772, ey is positive so that diode 0,
conducts while diode D, does not conduct because €1 I8 negative,
Likewise for T'/2<¢ < T, diode D5 conducts while Dy does not. The
currents 7y and iy through the two diodes are

. W._..__m._._.:_i - =
-_|I|Lu”.: _:.—.:Mh}lﬂ,“ H
(ry + Ry )
. LAY
o ey SN O
=0, §=2 B =0 forT/2¢r<T|
iy and iy flow through R, in the same direction and. therelore,
add up 1o give a load current i, as follows :
n i h-..lnu i o . B
i =—0 - st = 0 lor0<r<T/2
__....: . . _
fp =i - .§iny =0 forTi2<1<T
._._.__. 1 .Z,__.___

Uhe output voltage ¢; 1s. therefore, given by
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Eq __ineor, for 0t <T/2

J
e Ry -A2)
FIi.. wi. forTI2<ts T

(147, +R)

nml

b i ase of a half wave
The wavelorms for 1 €2t R W

—nw.r__—:..'- —m—ﬂ ¥ n—-.: ¥ ca ress k. _.—H._.__.uﬁ.._w iy

i -4 n Tﬂ H_Hﬂ. ] ﬂﬁ.— asas ﬁ_. c —u_.h__.
T. ou t _n-__.mu-.mﬂfh ! ; u—__
.rw—._ﬁ_ an N_Hﬂa&.:.:r- ﬁd.r—.ﬁ.ﬁ. .m.l—_.-.r n__._r. E_n th__n. can _H:“ _UU_.L:_.Ia T_

substituting from equations. This is
2k 22 Eu 8

= = (A IR

Clae = R
n{l+ry i3 .
obtained for a half wave rectifier If

1 ] o
which is exactly twice the value
R; = rp we have
_ 2k

€1 de it

i i ined as
Therefore, the rectification constant K is obtai

22 |
T Tr (+r /R

i lue of 90% when Ry > ry .
ep :Ea_ahmanﬂﬂ_u_.: voltage may be obtained by

d (3) in equation :

« 100 per cent,

K

which wil
The alternating part of t
substituting from equations (2) an

Egsinot 2By pl0ci<Ti2
CLac = +relRy) m(l+rpRy) 4
~Eysinot 2B forTI2<t<T

€Lue u:f..___ IR) w(l+rp/Ry)

Therefore, its mean square value will be

Foa
¢ , _._J_,‘_-__ €1 di

“lac ¥ i

-2 11 = ro 2 _
_:_._ L ﬁ:. N_._..._.q:;__ - 2/m)dr +‘.. (sinet + 2/ 1) _%._
* (14 rpfty ) 170 W

‘._.._..“_ n I.
{4 .__.___ ;__m—.____.._ .M
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The r.ms. ripple voltage is

then

Eq :m -8

Elaemy = ———u_

:+J:£.L 2

The ripple factor r for the full wave rectifier is, thus, obtained as

=0.48

QS. Draw and Explain the Chara
Common-Base. Configuration,
Ans. Common Base Configuration

The circuit arrangement for determining Cp characteristic of a
npn transistor is shown in fig, Source of EMF Vg in the Emitter Base
provides forward bias e Which can be changed with the help of the
potential divider R|. similarly reverse bias Vcg between Collector and
base is obtained from the potential divider R, across de, source Vee
in the output circuit. Emitter current Ig 15 fixed to the desired value.

mA E C mA

Dﬁnm

—\._.M.Qﬂ =¥+
; I______I — __ ]
Vee: Vee

Circuit for studying characteristic of npn trnasistor

cteristic of a Transistor in
(2014)

R,

Using R| collector current /- is measure using mullimeter in output
cireuit,

We have four variable current and voltage in this configuration
namely, emitter current {(/¢) and emitter voltage (Vg in the input
side and collector current (/) and collector voltage (V) in the
output side. Thus we can have four characteristics ; two input and

lwo oulput.
These Characteristics are
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{a) [-} Charactenisties ‘
(i) variation of 1’z with I for constant Fe
(i) variation of I with V¢ for constant /.

(b) Transfer characteristics :
(iy  variation of ¥ with /- for constant [
(1) variation of [ with /- for constant Ve

These curve are

{ﬁm = _.n-_{_ mﬁa;r
—m =6mA

F lamA

4+ I =2mA

b
r o

Vea

(a) Input characteristic, (b) Output characteristic, (¢) Transfer

voltage characteristic, (d) Transfer current characteristic

.

A
{_nu

Ies
Ig,

.

el

=

e

Static characteristic n-p-n transistor in CB configuration.

Out of these, only two of them are most important. One is outp
and the other is the input characteristic. Although as long as collectd
1s reverse biased, all the electrons injected into the region will _”_,..
collected by the collector, V- has no effect on I A small dependentt
__.,_. I¢ on V- comes due to the fact that the thichness of base collect”
Junction increases with V¢, Thus the effective width of the base chag®
V', because minority charge carriers &

normally /. increases with

o = el i - % T e e ey A

AR . S Y =

w J..-. = _ J 4-.. ] _ v_ P LT 4
: " car : : SICH h apy —: 3
__-a.J.mm __—_ﬁﬁ— 05 I u._.»—uu__ e -. i ] & . W | 1§
¢ . .?_ o _"I... ._ A1 :- [} S} | 11 :‘. n _—

o i s L] one Liln Tl ?

/, uHT......ﬁ;__

and, ¥, =fUg.V)

For smal| changes in gand Vowe haye
o _[or, 4
Wp=|—£] 1.+ ZE]| &

ﬁ..‘_.._«... [ B nJ.__.._. $
_ I
L ol
] e oy + d :
: : o)
.....__q-.__.u. I : ..J._\ :
_ Sl

m””|\”| 2 = Iy, = emitter resistance in €8

MH\W i = Iy = reverse votage amplification in CB
mw. 4 = hy, = forward current amplification in CA
M...ﬂ”. 8 = hyy, = collector conductance in CB.

All _.E.qma parameters can be obtained from Static characterisic
curve :%::o_.aa above. Emitter resistance is equal to reciprocal of
slope of input characteristic curve. Reserve voltage amplification is
equal to the slope of transfer voltage characteristic. The slope of transfer
current characteristic give forward current amplification and slope of
Output characteristic gives the collector conductance.

Q6. What is amplitude modulation. (2014,15,17,19)

Ans. Amplitude modulation may be defined as a system in which
the maximum amplitude of the carrier wave is made proportional 1o
the instantaneous value (amplitude) of the modulating or baschand
Signal.
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If x(r) is modulating signal and carrier signal 15 gIVeD by the
ExXpression
clry = A cos md.
Then the equation of AM couse will be
s{1) = x(1) cos wt + A4 cos ol . 3
This equation describes the AM wave in time domain,

B

Q7. Show that the maximum power due t0 side band _”wwn“.w\o,.a
the carrier power. 19)

——

Ans. The distribution of power in AM hetween the carmer and
sidebands is easier to determine using the spectrum of a nmq_ﬂ
modulated by a sinusoidal message signal, from which we obtaiy
normalized power distribution.

Power in carrier :

Power in upper side frequency :

3 2
(V/2)’ nﬁnﬁhw mF

fuse =5 " g 8 4

Power in lower side frequency :

m’P,
Prse =Fose ==
power in side frequency :
m* E
Py = Prsp + Fuse == X 4

i ]

..,”.%. :
Total power in AM wavefrom . #. o)

ip
P
P =P+ P =F3 .Efm|q
-H o’
Biegy =

Py is the side frequency power which is a fraction m™/2 of ¢
power in the carrier. Thus Py increases with modulation factor. ﬂ.ﬁ
i al “eide Tranian C B0 J sy rIe
T IU :.__.: .4::. :.Q_:r:rm power Py is 50% ol :”._n i
power, and this 1s obtained when m = | e, 100% modulation.
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(8. Obtain expression for Power in amplitude modulated wave

(2014,15,18)
Ans. We know that general expression of AM wave is given by
s(1) = A cos o1 + x(1) cos wd.

._Jnﬁ. total power P of the AM wave is the sum of the carrier power
P, and sideband power P,
Carrier Power :

e

The carrier power P, is equal to the meansquare (ms) value of

the carrier term A cos o ie.,
P, = mean square value of A 1.

|_uauw .\._.
ﬁ|m_.o A” cos” o tdf

.w
hl ,ma
_UA. = — A

W -\
Sideband power =
The side band power P, is equal to the mean square value of the

sideban ﬁﬁc_ COs wyd.

ﬁ«,__l_nwm_m: square value of x(r) cos @

ok -

.— 2 o]
b P2 T _cnxw (f)ycos” m_rdi
I pinl 3 .
=—| —[2co (1)t
P, MLD ~2eos” ) (e
2 2 5
P IF..— :___IHHQEIF_ nkui,‘_nomr w tdt
T 2men 2 2ndo

In AM generation, a Band pass filter (BPF) or a tuned circuit
tuned o carrier frequency @, is used to lilter out the second integral
term.

Therefore,

anl 1

P, P hc ,hl.ﬂu :;._«_:

Hu.__ﬁ 2

| 2
n_:n_...:.“..pzﬁnrz.,..__,..mEnomMH ().

-

ﬁ

5

H. |_.| ....H ﬁ:
J

5
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However, the total sideband power 2, is due to equal contributigy,

of upper and lower sidebands. Hence the power carried by the uppe; Vi o
and the lower sidebands will be is
P 1 s __-_._ oo ! 2 r
wise = Huose =3 h_., {r).

Theretore, the total power £, of the AM signal is the sum of the
carmer power £ and sideband power s

1 2 173
P=P+P i +—x"(1)
2 2
=L i _
| A+ X
- ] Hﬂ h
. []
9. Write short notes on load line, (2014,18) !
i
Ans. A relation between the instantancous values of collector o uu
voltage and collector current can be obtained by applying Kiircho(Ts i Yec
voltage law 1o the output circuit shown in fig. :
]
C i
¢ -t |
ﬁ |
%
Q10. Write short notes on voltage regulation by zener diode.
(2014.18)
L R ourpuy —
Bigmal Ans. Zener Diode as Voltage Stabiliser
Zener Diode can be used to provide a constat voltage from a
source whose voltage may vary over sufficient range the circuit
| i ‘ ~arrangement is Shown in Fig. Zener Diode is connected in reverse
i [ ™ i . 5
" 'V » bias across load R;. The series resistance R absorbes all voltage
- % Muctuations so as to maintain constant voltage £ across the load equal
V. =¥, =ER,; to ¥, so long input voltage does not fall below 177
R _ R
Where V18 aciually the negative vol age on the collector. :
_xr._:_:___:“.u:___..H we el
| ¥
F o+t
I R,
Thich rentese
a}_.:r.—_ H_.Hq_..r.r_..:_m_ L___r. _:n___._.__.—._t V.__:ﬁzrp ﬁ_.___.}.wh_.u mm_._-_.ﬁ i
e : v, ._
intercept on 1-axis equal to 3 [his line is known as load line |
/ _ Fig. Zener Diode as Regulator
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To understand the analysis zener diode, we should understap
the off state and on state of it

E g
R+ Ry _

when Zener is "on". Eq =V, and Iz =11},

Case 1—when £, and R; are fixed Eg remains fixed as Zeney
current 1s zero.

Case 11— When E; varies but Ry is fixed—The Minimyy,
voltage £, will be such that /; = 0 then

.TI_:..::_ = uﬂ__.. =1 ..._m.__. = }__au + __m.ﬂ_

whe Zener is "oft " [, — 0 then £, =

If £, is more than /, current flows in Zener and £y = V.

P Ey V7
"R OR
L i

Maximum Input voltage = Rf +V, = R, +T.)+V,
Case 111—When E; fixed but R; varies—As K; 1s changed
load current changes. There is definite range of R; which will ensure
that zener is 1n 'on’ state. Then £= V.
Vz

f; (Max)
Any value of load smaller than this value will result in a voltage

E, less than V7 and Zener will be in 'ofT state.
If R, is increase then load current decreases. Because [ 1s fixed

thus /. increases. The maximum value of /7 depends on power rating
of diode. Thus .

Mimm R, =

TN B __\.N
..ﬁ_..._..__fﬂ_‘._-m\._ :__I.___N..E.u

If load excesds this value the device will burn out as I increases
beyond. :

._a__: Max) =

Q11. Write short notes on Linear diode detector.

B.Sc. - Hﬂ Year -
The circuit diagram of 3 diode d

with that of a hall-wave rectifier followed by a capaciter filter, Th
diode n.«:n:im only during positive half of the modulated mmm”“_._ )
This would have produced a voltage across R that consists of

half wave pulse of varying amplitudes. However the capacitor .ﬁ,. 1S
large n.zc:m: to smooth out these pulses and gives a signal ﬁE_uan:m_
o :.ﬁ: amplitudes. It consists of low frequency modulating signal
superimposed on a direct voltage. )

Physics : Paper 1] / 5

eclector is shown. It is identical

Q12. Discuss working and application of CRO,

{2013,15,16)
Ans.

Cathode Ray Oscillograph
Cathode Ray Tube—A cathode ray tubes is a special purpose
vaccum electron tube that is designed to give a visual display of
electrical signals. Its essential features are shown in Fig. The whole
tube can be divided into three parts : an electron gun, a defléction
system and a fluorescent screen. We will describe them one by one.
Electron gun : The electron gun serves to provide a sharp beam
of electrons focussed a point on the screen. It consists of a heating
filament, a cathode and four coaxial cylindrical electrodes. They are
respectively known as control grid, accelerator grid, first anode and
second anode. The top surface of the cathod facing the fluorescem
screen is coated with a low work function oxide coating so that
electrons are emitied by thermionic emission. These electrons then
pass through the remaining four electrodes and are formed into a sharp
beam. The control grid is given a moderately negative potential while
the accelerator grid is given a moderately negative potential while the
accelerator grid is given a-moderate or high positive potential with
respect to the cathode. The two grids together determine the number
of electrons attracted from the space charge near the cathode which
ultimately determines the intensity of the display on the screen. Ioﬁncﬁd
for actual adjustment of the intensity, a single control is provided and
this is the voltage on the control grid. The electron beam

ONTAL i
CCELLwATOR VERT LCAL HDRIZL -
n»-xwu-_n...__.“r GrID FIAST SECOND DEFLECTLON DEFLECTION .

HLATER GRID ANGLE ANDDL PLATE FLATLS -
— |H |_|..| ——
,I.u_.||.r |H_.__ ELLLTAGH ®EAN

(2014,15,16)
Ans.
|
ﬁ 7 —1] w
Amplitude
moduted signal G k Jﬂﬁmﬁa _

1“!WH_ Pm AQUADUG

COAT (NG

S e e e I

= v« DEFLCLTION
——¢ L L CTAON &UK s1sTEN

Fig. Essential features of & cathode ray tube.

FLUQREICE WY
SCACEN

he,
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the screen. /s the length of de
separation between the
between deflecting
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then enters the anodes First anode is o

potential while the second anode at a high posiive potential Witk
fespect to the cathode. The wo anodes together serve 1o focus the
clectron beam o a sharp point on the Nuorescent screen and alse to
2ive the electrons sufficient velocity so as to cause Nuorescence w
they sirke the screen. The focussin is produced due 1o the
cflect of the clectrostatic lines of force between the two
achicved by varying the relative potential of the two
anode potential 1s made fixed while that of the
and the variation provide

perated at a moderately posityy,

hen
converging
anodes, i jq
anodes, The secong
first is made variable
s.the focus control. Typical voltages of the
wo anodes are about 2000 volts for the second anode and about 40y
1o 800 volts for the first

Deflection systems @ The ¢

ectron beam coming out of (he
clectron gun has to be deflected in accordance with the electrical signal
1o be displaved on the screen. The deflection can be achieved by
applying cither an electrostatic field or a magnetic field.

The electrostatic deflection system consists of two pairs of plane
parallel plates. one horizontal and the other vertical. If a voltage is

applied between the two plates of any pair, the electron beam bends
toward the positive

plate as it passes through the pair. The horizontal
plates will. thus, pro

rduce a deflection in the vertical direction and are,
therefore, known as vertical defl

ection plates. The plates mounted
vertically are known as horizantal deflection plates for similar reasons.
After emerging from the deflection plates, the electron beam travels

in the direction of emergence 10 the screen and strikes it at a certain
distance from the

original position. The deflection x (or ¥) in the
horizomal (or vertical ) direction is given by
LI ¥y
2d ¥,

Where £ is the distance from the center

v r..: =

of deflecting plates to
flecting plates along the beam, o is the
mand ¥, and V_ are, respectively, the voltages
EE_} and between cathode and second anode.

. flection system consists of coils arranged such that
current 1s passed through them, they produce magnetic lield with

Magnetic de

B.Sc. - I™ Yeqr - Physics -

F

([ e
vlorpy= [} & _ Lif
V2w, | L8
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where e and m are the electronie charge and mass. re

In either of the two deflection systems, differ
¢lectron beam are deflected by slightly different amounts, This results
in slight defocussing specially when the angle of deflection is large.
jl.nn:.en:xacﬂnmaozc::n

nn_=_=nnﬁoc:_mn:¢m§:n deflection
than In magnetic deflection. For this reason, magnetic deflection is
preferred in cathod ray tubes h

aving large screens, for example,
television tubes. Electrostatic deflection system is preferable in cathode
ray tubes for laboratory use because it does not draw
that the required amplifires are easier to desi
used at high frequencies also for w
deflecting coils becomes difficult.

spectively,
ent parts of an

any power so
gn and because it can he
hich construction of suitable

Fluorescent screen : The screens of cathode ray tubes have a
coating of fluorescent material known as phosphors. They have the
property that they emit light when high velocity electrons strike them.
The most common phosphor has the commercial name Willemite and
18 zinc orthosilicate with traces of manganese added 10 it, Some other
phosphors are zinc oxide, zinc sulphide etc. The intensity of emitted
light for a given phosphor depends on the beam curent, {.e., on (i) the
number of electrons which depends on the gird voltage and (11) their
velocity which depends on the anode voltage. The colour depends on
the phosphor used; common colours are greenish, bluish or yellowwish.
It is seen that the light persists for a finite time even afier the
bombardment by electrons has stopped. Persistence time rages from a
fe micro-seconds to minutes for different Nuorescent coatings. Short
persistence is required for displaying rapidly changing pattemns, for
example, in a television tube while a long persiste
studying short-lived transient phenomena. :

The electrons after striking the screen must be returned to _.,_._n
cathode in order to have closed cycle and hence a continuous operation
ol cathode ray tube, For this purpose, the side walls of the tube are

nee 15 useful for

flux Tines perpendicular 1

coated with any conducting material, :.,..EE mc.cm_a:m which 1is
: the beam direction, Ope pair of coils conducting suspension of carbon particles. This coating returns the
produces horizontal flux lines by Fleming's 1eft hard rule the resulling electrons 1o the second anode from where they travel through the outer
Qn_:_..i.E: of electron beam wil] by in the vertical direction. The other cirg ﬁ_u _r ﬂ S
parr of coils produces vertjcul flux lines ang horizontal defletion of unt to ,. Cca tice in cathode ray tubes is to keep the second
the beam. If the coils produce a unifory magnetic induction f3 :_.,.,E ia UGG [
length 7 of the beam, he deflection x (or ) oy, 1

s al nepative potential,
inode at ground potential and all other electrodes at negative po
he screen is given by
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Some application of cathode ray Oscillograph are—

(1) Measurement of direct or alternating voltages.

(2)  Measurcment of time difference.

(3)  Visual display of waveshape of any periodic voltage.
(4) Frequency comparison using to Lissajou's patterns.

——

Q13. Write short notes on Measurement of time differences by
CRO.
T —
Ans. Horizontal scale of a C.R.O. screen can be caibrated jp
terms of time as follows : If a sawtooth voltage is applied between
horizontal deflection plates, the spot moves with a uniform speed from,
one end of the screen 1o the other, then comes back quickly and retraces
the same path. A horizontal line will, therefore, be obtained on the
screen; its length will be proportional to the amplitude of the sawtooth
voltage. The time taken by the spot to travel this length is just the time
period 7 of the sawtooth voltage. The length ! of the line thus
corresponds to a time-difference of 7 and any two points on this line
having a separation v represent a time difference of ¢ given by
t={FNx

If two clectrical signals occur at regular intervals, the interest
can be measured by applying the signals to the Y-input of C.R.O. and
a sawtooth voltage of known time period to the X-input. This will

give a vertical deflection to the spot at two definite points along the

honizontal line as shown in Fig. The separation between the points

can be measured and the time interval worked out from equation.

__H_._nqér as short as nanoseconds (10 seconds) can be meausred n
this way.

Q14. Draw and discuss the characteristi

¢ of a zener diode. Explain
zener breakdown,

Ans. A properly doped crystal diode which has a sharp breakdown

voltage is known as a zener diode.

B.Sc. - I" Year - Physics . Paper 111 55

It _; the mw_ﬂ&o_ of a zener diode. It may be seen that it 1s just like
and ordinary diode except that the bar is turned into Z-shape. The
zener diode 1s like an oridinary diode except that it is properly doped
s as 10 have a sharp breakdown voltage. A zener diode is always
reverse connected. It has sharp breakdown voltage, caled zener _.,_ﬂ_Em.n.
V.. The zener diode is not immediately burnt just because 1t has entered
the breakdown region. As long as the external circuit connected to the
diode limuts the diode current to less than bumn out value, the diode
will not burm out.

We have seen that a PN-junction allows a very small current to
flow when it is reverse biased. This current is due to the movement of
minority carriers. It is almost independent of the voltage applied
However, if the reverse bias is made too high, the current through the
PN-junction increases abruptly. The voltage at which this phenomenon,
occures 1s called breakdown voltage. At this voltage, the crystal
structure break down. In normal applications, this condition is avoided.
The crystal structure will return to normal when the excess reverse
bias 1s removed provided that overheating has not permanently
damaged the crystal.

There are two process which can cause junction breakdown, One
15 called Zener breakdown and other is called avalanche breakdown
When reverse bias is increased, the electric field at the junction also
increases. High electric field causes covalent bonds to break. Thus a
large number of carners are generated. This cause a large current to
flow, This mechanism of breakdown is called zener-hreakdown.

I (mA)

Forward bias
vy v

Reverse bias

2 \
avalanche Zener
breakdown break

down

¥ g (uA)
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In case of avalanche breakdown. the increased electric field Cause
'NCreased in the velociti

€s of minority

carriers. These high energy
carriers break covalent

g:n—m. ﬁ_.._.."..._..u._._w, mﬂ:m_.m:..:mw MOTe CAImers, Again
these generated carriers are accelerated by the electric field. The break
More covalent bonds during their tra

vel. A chain reaction is thus
Ing a large number of carriers. . a
high reverse curren;,

This mechanism is called av

alanche breakdown.
QI15. Write sh

ort notes on LC Filters.

|||l|l|||r
Ans. A combination of a series inductor and a shunt capacitor 1,
form an L-section filter as show

moan Fig. An approximate an
yields the ripple factor for such a filter as

O R

(2015,
alvsis

r [ -f -&I- —
where X_and X} are the reactances of C and £
2 of the dominant alternating part of the output

_V2

r=— 9 L_"J._
2 wCL

Muluiple L-section filters can also be used for still better filte

at the frequenyg y
Thus,

nng

—

An L-section filter,

The ripple factor will then be given by

A very efficient filter cireus
capacitor before an !-section

'S obtained by adding a shunt
filter, shown in Fig. This filge

filter to form what Is

known a g—secuon
r¢an T..f, .HT._..CHI.__Jﬁ ..,.4.__4.

"4 &ajd fu be

Jm.._ f
s L
BSe - Year Phyig, Paper 1 55
L

T 9

Fig. y T-section fileer,

I

Sohapaaciton Bl _Z::__._.r.& I an fa

PP Iely viveny

> D S |

SO fler so tha the Fipple
b tywy LS 1) | T_r. %

i __. _..r '
== == ArR—ad ]
NE X R, \, R,
Q6. Write short note

s on Middle frequency response, (2015,
S e e A R
ANy, Niddie frequency, delined as the ra nge of irequencies over
wWhich all reactance in semes can be e

ated as short circuiy while t
1 shunt can be treated as open circun. This)
can be ignored and the behaviour ¢

independent

hose
mplies that all reactances
an be expected to be frequency
The only reactance in the

cireunt 1s that of
s

the coupling capacitor
1118 50 large that us reactance VoCy s assumed 1o be neglegible
over this range of frequencies, €5 can then be ignored from the
equivalent circunt shown in fig

= 5 2
Y, LN %, -
w1
G
. Y == by

| Y
ﬂ[ MR
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The output voltage 1), « s then given b,

Rihg

R; + h,

| e,

Therefore. the voltage gan of the finst stage in the midd)e

requency range become

! _ﬂ.._ m————

1< R; A

Clearly the gain s less that that of a conrresponding single Stage

smplitier The reduction 1s due to the loading of R; by the input

< ITHM

resstance of the nead stage The munus sign indicates a phase change
of 180" zs 1n the case of the single stage amplifier.

(1

Q17 W is the base in a BJT kept thin and lightly doped?
(2016,19)

Ams. Base region of a transistor is kept very small and very lightly
doped 50 20 1o pass most of the injected charge carriers to the collector.

QI8. Define h-parameters for a BIT and obtain a relation between
the current gains, in the common base and common-emitter
configarations. (2016)

Am. There are three transistor configurations CB, CE and CC.

Fach configurations will have its separate hybrid or h-parameters

equivalem crcunt which can be applied for any of three configurations.
The equivalem cire

cuit thu obtained for any type of configurations is

mall-signal low frequency hybrid model of a transistor,
h parameters are

HT.. ] _r,..._.”_r...n._ a5

‘ I+

. ﬂ w -__v_._\, M-.._ Hs = #
Vi h, \— by, A% Wb: \E:
) 5

_..u = b.______._ + .b.:_.,.

C

A o
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H3

units of volis, we can use
fits this equation.
neurrent gain o and (]

We know that the

or W = _‘_.__‘._ th 1,

= hi 4 IV,
Since, each term of equation has the

KirchofT's voltage law 1o find a circunt that
Relation Betwee

emitter current /_ of a transistor IS given as

_-.a = ....___.r. + a_._.
___t. = _..wmzr. current, /- = Collector Current.
Dividing above cquation by 7 on both sides we have

H..M ub__. + 1
! /, k1)
But b..n:;._.ku
mm i
Putting these values in the equation (1)
S 1 LA
o BB
G
1+
a(l +p)=p.
a=(1-a)p
o
p=—t-.
l-a

Q19. Draw the circuit diagram for a single stage common-¢e mmiter
amplifier and obtainits current gain, voltage gain and power
gain, (2016)

Ans. Replacing the transistor by s EE.L___.._.:. we gel .._#.
equivalent cireuit for the common-ciitter amplifier as m_,._,:., nin _m__m
The doc. bias sources have been omitted because ::.._ equn ..:,.4.: E?__._.__
is drawn for the alternating parts only. The Z.......r_zm.ﬁ._ﬂn..c::_. Cis
tnce is assumed 1o be negligible over the

amitted because s meag

; ¥ . e < amnlitier 1s o be used.
range of requencies over which the amy

J
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]
i
i

i

ek

:
|

O

- - -
beafosmasm==

e =

¥ / cuit for the CE amplifier of fig. |
The H;.M““._““ﬁﬁnﬂwﬁ:mnuzg factor h,, for :ﬂ.w_n:m:m_ﬁ_”a
ery small, typical values are ~10 %, Therefore, the vo ge generator
e e ..é_: can be ignored. Further, the output admittance is _o_;
i %Hm?bﬂmﬁ E mho. Therefore 1/h,,, is of the order of _gﬁu while
M._H “E_ resistance R 15 Jﬁ._nm:g. 5k(). Therefore, :&ﬂ:ﬂﬂgﬂ “MM”H_
as effectively open circuit, hence ignored. The above eq -

thus. simplifies to the ope shown in Fig. From this figure, we can
wTile

. |

a_nll ..._.___u = .}_._..n_-_. H w
1. = ._u._w,.__... -AMU
Wy = .._;h_.,_ﬂ.. ~{3)

_ e
il Ll

b
(108 =

Simplified equivalent circuit for the CE amplifier.

Fromequation (2), we pet the current gain for the common-emitter
amphificr ay

(]
Ihviding equation (1) by equation (| ). the voltage gain is obtained

..._. _ ! .}-H _...—.n-i

Lo 2un BERE I - B S L s
Ir.nﬁ_.u.ﬁ.m._

Wl a
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But the ratio }b / __..... must also be 5 characteristic ¢,

the transistor -

nstant gf
}._.1 f&__‘q.} ¥y g —.Ov
- .i_.__n_._ has the dimensions of 5 conductance, js denoted by g
and is -So..c: as the transconductance between collector ang E_,.,m:
Writing in terms of &m; the voltage gain becomes o
A, =~g,R, A7)
Minus sign indicates that the output voltage wi
, indi . e will have a phase
difference of 180 with the input voltage Multiplying equations (4)
and (7), we get the Power gain for a CE amplifier a
Ape S A, | A |
b2
= EmhpRy =L° Ry.
...._.,..q
Since,
- _hy
__.h.v u.mnlﬂenwsé.
4

the current source in the equivalent circuit of Fig, 2 can also be
expressed as a function of input voltage rather than the input current.

. has an intermediate value, the
common-emitter amplifier gives high values for current gain,

voltage
gain and power gain,

Q20. State Barkhausen condition for oscillations in an amplifier
with positive feedback. Draw the circuit diagram of a Hartley
Oscillator, (2016)
Ans. Barkhausen criterion states that the frequency of a sinusoidal

oscillator determined by the condition that the loop gain phase shift is

zero.

Hence, -Ap =1. o
Another interpretation of Barkhausen Criterion
A A

=——=z=w

l+48 1-1

Since, gain is infinity we will get fainter output with no input.

18

.._.‘.__u_ ~
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In the Hanley Oscillator cireuit, shown. the collector ang the
base are connected 10 the two ends of the same inductance coil while
the emitter is connected to a tapping in between. The position of the
tap determines the amount of feedback ¢, the value of [}, The chokg
L offers a high impedance 1o the alternating part of the collector
current and prevents it from flowing through the collector supply. The

capacitor Cg similarly blocks the d . part of the collector current from
reaching the tuned circuit,

N,
Ln -
R _J_.
=
_ Ce
Ry
nE L
..-.1. -—- F.H
+Vee : A c
A hartley oscillator circuit.
Q21. A voltage v(r) = 200 sin ayis a pplied across a full waye rectifier,
haing a load resistance of 2

of the diode to be zero and reverse
Calculate the efficiency and the out

resistance to be infini
-

< ..lwa_:.:
, 4 % 0/0@

AS. rp =0, Ry, =2.0kQ, ¥, =200¢

d == !
Hﬂm _._ —.ﬁ___...__.ﬁm__.._w..aﬂ___.A
__HJ_ = |.&.| Lan.:r

“ om0+ 00 . 2000
_-C_.___x =K1 14
Lt |
:w i r Eﬂwu 1007,
2 = 81.139%,

et

=

AT _ B

B.Sc. - I¥ Year : Physics : Paper I1] ' 63

mﬁ...\m:lnn. coupled CE amplifier uses a transistor with h-

parameters : A, =6k(),h 1, =90k, =0,h,, =0. Calculate

the mid frequency voltage gain for a load resistance R; of

1kL (2017)
-h ‘
Ans. A = ;H;ﬂ. = =« | (}))
hie  ~ 6
A, =15000
Q23. Describe the circuit of colpits Oscillators. (2017)

DKL Assuming forward resistapee

Ans. Colpitts Oscillator \i@

Colpins type oscillator.

If a common-emtter amplifying stage is supplying a load that is a
tuned circuit and a feedback connection is made from the junction of
the split load capacitor to the transistor input terminal, and if sufficient
positive feedback is available, the circuit is Colpits type oscillator.

Itis widely used in commercial signal generator's above 1MHz.
This oscillator is similar to the Hartley oscillator. The RFC has the
same function as inthe Hartley oscillator. The voltage developed across
Cy provides he regenerative feedback required for sustained

oscillations. The value of L, C, and C, determine the frequency of
oscillation give by
i GG,

4 1 1
= ——=—= where C = ———
/ 2nJLC C+G
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Q24. Draw and explain the characte ristic of a P-N Junction nr_ap...
(201§)

Ans. Anidentical equation will hold good between r;_:.nz“z_u...._._._m
Vectors

dil 1
V=RI+L—+=1a. ;i
Rl + 7 ﬁ_. ()
where the voltage vector v

Substituting for dl/dt and ... fdt equations (1) becomes

I
V=RI+joLl +—

JoC

or, .ﬂl‘nh+¢__.ﬁehll_'wuh+aknw.

.- «i(2)

where Z is the complex impeance of the circuit_ [t has a real part
R and an Imaginary part (el — :pﬁw.ir_.n_uamw

be positive, zero of
(w0,

4
!E...v.mﬂ..ii.n. Gl WL ezle ) ¢ zery ﬁm..

(a8

+
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where | -
Rt
2 2 —u.a I
1Z|=VRY+ X n/\m ;eb.. EL
1
il .
e J T I eC
$=n R = R
The current I can then be written as
J K _EH_E.E_. H#.m;.@?&.
Z ozl
where

k 2
I
2
lo=Vy! |R +ﬁehr8ﬁw .

The potential drops ¥, ¥y and V-across the thre circuit elements
R, L and C are given by

Ve=RILV, = joL I, V.=__J |

Complete vector diagram for the three cases menntioned above
is shown in Figs. (a), (b) and (c).

From foregoing analysis and the vect
conclusions can be sSummarized -

or diagrams, m@:ﬂﬁﬁw

(i)

thus H..Sﬁ._n_.nw dependent.

The circuit has 5 complex impedance having a resistance R
and a reactance X which is he resultant of ap mductive
anﬁﬁnnnn m_oh and capacitiye reactance —jwC. The reac tance
and therefor, the ; Ce are frequency de ndent. Thr
cases can be distinguisheq: e 2.

1
@ If o> 1/ Lc, Env.pﬂm. the reactance X will be
positive and
ciruit,
_ 1
If w=1/JLc, Ehu.ﬁ_u,_..mu_ the Cactance X wi|| be

(1i)

the circyit will behaye g5 an inductive

(b)

Fd JJERITE B
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= ,,Ll_l. :_..._.n.__,.,::._ncy”_._.‘._: be
(©) I o<l/VLC, 6b< e .
will behave as a capacitive cirey;y

e - circuit : : :
negative and the ¢ shown diagrammatically in Fig

The three cases m.,__..”_
a). (h) and (¢) respectively. R
(1) FH.__J_c __w..r__#. difference between current and voltage is em_crﬁ
by cquation. This is also frequency dependent.
(a) If o>1/{JLC, ol> 1 /(wC), & will be positive ang
current will lag behind the vollage.
by 1f 0=1/JIC. oL=11w0). ¢ will be zero ang
current and voltage will bein the same phase.
(¢) Ifwel/JLC, ol <1i{wC), ¢ will be negative ang

current will lead the vollage. .
This is again illustrate in the vector diagrams of Fig,

Q25. Establish hybrid equivalnt circuit of a transistor,  (2018)

Ans. Equivalent circuit of a transistor

The methods of circuit analysis recognize only the current or
voltage sources and the circuit constants like impedance, admittance.
Therefore, in order to be able to analyze a transistor circuit, one must
have an electrical equivalent of the transistor in terms of these
parameters. This can be found out by using the two-port network
equations in any representation. The hybrid-parameter representation,
in which the input current and output voltage are taken as independent
variables while the input voltage and output current are expressed as
their functions, is most widely used in transistor application. In this

representation. the network equations relating the input and outpul
variables are

Y th_ i __.H_L._c_

.m: - »«m.___)..‘ 3+ .F.-ﬂ +

where B, h,, heand hy are, respectively, the input impedance, the
reverse voltage amplification factor, the forward current gain and the
output admittance, It is easy to veri y that these same equations hold
good for a very simple circuit shown i Fig. This circuit, therefore:
gives an n_ﬂ.inm_ equivalent for the Iransistor : a voltage ,on.nn hyvo
in series with an impedance equal to hi for the input of the transisto’
and a current source h, i in parallel with .« furicoe o g fop €
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output of the transistor. This is the general hybrid-parameter equivalent
crcuit. For a specific configuration, appropriate values of the
parameters and the input output variable have to be used.

I %
hel, s .«w iﬁma

- Fig. Equivalent circuit for a BJT in the hybrid parameter representation

Q26. A load resistance of 5.0k is connected in a R-C coupled CE
amplifier. Calculate mid-frequency voltage gain of the

amplifier considering h,, = 1k and he=120. (2018)
A Ye g
ns, A, =-——==
_1 ._Fn I
2
A= 128 x 5000
100
4, = 6000

Q27. What is modulation index? Obtain minimum & maximum

amplitudes of amplitude modulated wave for 50%
modulation. (2018)

Ans. The ratio of maximum change in amplitude to the carrier
amplitude known as modulation index. The maximum value that m
can have unity corresponding 1o 100 percent modulation.

KE

It

E

¢

m=

Erax = E(1+m)=E.(1+05)=15E_.
.mE..: m__f,ﬁ_la_u.nm.n_.._lc.gnc.mme.

Q28.A transistor connected in single stage ncaq:u:.ma._:mn
amplifier hash-parametershy, = 125,h,=2x 107", h,, =5 x
10® mho and h, = S5kQ. Considering h-parameter

I

approximation, calculate current gain, voltage gain, power

b em th T IR N iMist 4 Siiv &y
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Ans.
Current gain, A, = hg =125
Voltage gain,
e ip =125 % 2000
= = )
e h;, . 5x10°
Power gain,
h; 125)?
Ape uLW-hh _{ mvw x 2000 = g250
L 5x10

Q29. Give circuit symbol of a pop transistor.

(2019)
Ans. e
P (Y] o
++[=TJ<cF+
EHSEER
ﬂ.-.-._:_rnﬂ l*ﬂﬂ COLLECTER,
*u ,.r
U
PNP type
Q30. Write short note of (h)-parameter. (2019) |

Ans. In this reépresentation, input current and output
as independent variab]

are given in terms of them by the equations
Vi =Ry g+ Ry,
In this
dimensions -

case, the network

voltage are taken
e and the input voltage and output current

(A55) |

parameters have different

i hyy has that of impedance, hj; and hy are
dimensionless whj

while £,, has the dimensions of admittance. They

(A 5.6)

— Q3L

-3

Concentration gradients in g PN Junction,

P side to N side resulting in diffusion currents through the

Junction. The rate of diffusion is proportional to the magnitude
of the concentration gradient. This rate :Enﬂ.__ﬂ by the charge
of the carrier gives the diffusion current density. Thus,

d dn
..H___ = Im.b.__ %qhm Hmhunm-




gl

f o ¢ Paper 1
70/ B.Se. - 1M Year | Physies . PPapu

. anee the electron and hole
; aricl theselictron: E%%:cn_w__ Since __._r LFS_ s
hole anc in .EELE directions, their cu M 1o
i opp

movementy arc hrough the junction s

e the net diffusion current 1
pive the net o

in dp
| b, 5Dy
e dx

sl J.::..._.._. =_.= _uz ﬁ“n__ha__ﬁﬂ previous section s a self-
__F.__”ﬂé_u.._.,.,”“_hn_.““,ﬂmﬂv M“ﬂﬂr; fact that it ,___x_z&_,,___rn n_n,ninw_
_d_m__,___aw_% of both sides of En _:n::a_.._. E__“Mu“nm{ M“ﬂ”ﬂm..r”“”””
over from the N side to the P side, }nm_ﬂ_\nm_._ﬁ_.:? s fan
holes present there and are immobi _ﬂ e
deficient n negative charge EE P si n; _m,..m._,E_: Hc ,,_En y

gative charge. Similarly, the diffusion of holes Txom Paide
_“h_,_.r.._.% leaves P side deficient in positive charge an, _ 5i e .n_. ing
w___._”..wnn...m of positive charge. As a result, the two sides c._: he E:Ecﬂ
w_?. no ._:zmﬁ n_ﬁ_lnm__w.zn:g:_ﬁ m._n_n E..,n._.:_.M__f. ﬁﬁ__wﬂwﬁm 0
negative charge while N side acquires an excess of pos

o P * M

|
!

.__-:__:_—

|In' -

Effect of diffusion on the net charge density.

charge as shown Fig. 2. This creates a potential diftg

junction as shown in Fig. 3. The potential diffcrenc
_HS__E.._J, to oppose further diffusion of chagg&icarners across the

-

Potential barrier ar the Junciion.
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15 just sufficient 1o stop further diffus;

i1s known as junction potential barrier Vigor the contact potential
it1s of the order of a few tenths of 4 volt for most PN junctions

There is another Interesting consequence of the diffusion
process. Close to the junction on either side of it, nearly all the
mobile free charges diffuse to the other side and are immoh) Jized
there by recombination with the carriers of opposite polarity, Thus
4 narrow region exists at the junction hich is depleted of all is
mobile charge carriers, It liknown as the depletion region. Its
thickness depends on the Tmpurity concentration in the
semiconductors and alsg'Gn the external voltage, if any, applied
across the junctions WatH no external voltage, the thickness is

on. This potential difference

typically of the order ®f one micron. Since the depletion region
does not haveanyfrec charges, it behaves like a dielectric material
conducting regions. It, thus, forms a capacitor
e 1s known as the junction capacitance Its typical
the order of 10 pf. The junction capacitance plays an
impetant role in circuits using high frequency alternating currents.

Q32.The maximum & minimum amplitudes in A.M waves are 3V

& v respectively. Calculate the modulation percentage.

(2019)
Ans. bim _ Ep

l—m Eqi __
1 +m |w
Lo
l+m=3-3m

dm =2

m=0.75

percentage modulation = 100m = 50%

(Q33.Write the relationship between current gain of a transistor

in CE - & CB - Configuration. (2019)

Ans. c—current gain in CB

f-current gain in CE
!

o=—
{.
.‘H_l

B=
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SOLVED PAPER' 2019
#
Q1. Why is base in a2 BJT kept thin & lightly doped? (2019)

Q2. Describe Maxwell's Bridge arrangement for obtaining the
self inductance of coil. (2019)

Ans. Chapter 1 : Question 29

Q3. Draw the circuit of full wave rectifier and explain its working,
Obtain the expression for ripple factor of a full wave rectifier.

(2019)
Ans. Chapter 2 . Questions 4.

Q4. What is amplitude modulation? Show that amplitude

modulated wave is composed of three waves of different
frequencios,

(2019)
Ans. Chapter 2 . Question 7 & §.
Q5. Write short notes on CRQ, (2019)
Ans. Chapter 2 : Question 13,
Q6. Write short notes on feedback amplifiers, (2019)

Ans. Chapter 2 : Question 2.
Q7. Give relationship between Current,
a series LCR circuit. Draw vectoy diagram of current &

voltage. Find Q factor of the Series LCR Circuit. Explaid
reasonance in series LCR circuit, (2019)

Ans. Chapter | : Question 21.

voltage & impedance i




