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Q.5 (d)] Two elements A and B form a compound AB which crystallizes in the Sodium Chloride
structure. Assuming the atoms may be considered as hard spheres of radii r, and r,,
show that atoms along a cube edged cannot touch each other as soon as the ratio of the

radii is larger than 2.414.
[12 marks]
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Q.5 (e)

In a Wheatstone bridge, the values of resistances of various arms are P =1000 €2, Q =100 €,
R =2005 € and S =200 Q. The battery has an emf of 5 V and negligible internal resistance.
The galvanometer has a current sensitivity of 10 mm/pA and an internal resistance of
100 Q. Calculate the deflection of galvanometer and the sensitivity of the bridge in terms
of deflection per limit change in resistance.

L [12 marks]
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Q.6 (a)

(1)

(ii)

For an unknown material, which has a simple cubic lattice and lattice constant
a = 0.5 nm, the | vs E and v vs E plots are given. Using the classical Drude model,
determine the valence of atoms in this material.

Also, redraw the plots | vs E and v vs E, if the valence is now 3 and structure is BCC.
J(A/ sz} } v(cm/s)4
256 x 10’ 10°

- = E(V/cm) -
10 10

For a p-n germanium abrupt junction, let the conductivity of the bulk p-region be
10* Q' m™! and that of bulk n-region is 100 Q' m™L. In thermal equilibrium, the
voltage drop across the barrier layer is 0.5 V. Calculate the capacitance of the junction

= E(V/cm)

if its circular cross section has a diameter of 0.15 mm. Also, calculate the capacitance
for a reverse voltage of 3 V. (n, = 0.36 m?/V-s, p, = 0.17 m*/ V-s).

(iii) Why are metals transparent to high-frequency X-ray and y-ray radiations?
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Q.6 (b)| (i) Explain the role of following parts in a Cathode-Ray Oscilloscope (CRO).

1. Time Base Generator 2. Blanking Circuit
(ii) Inthe screen-pattern oscillograms shown, a sine-wave signal of unknown frequency
is connected to the vertical input terminals of the oscilloscope and a 60 Hz voltage

is connected to the horizontal input. State the frequency of unknown signal in each
case.

AR

(iii) Explain the working principle of electromagnetic flow meters.
[8 + 6 + 6 marks]
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Q.6 (¢)

Find the A, A., R., R, and A~ of the equivalent amplifier by series cascading
Amplifier-1 and Amplifier-2.

Amplifier-1
T Aype =500 V/V
Ui R.=1MQ
-0 RD =2kQ

oy A
REp s J
1.'* ?'. 1: I.l: S 5

12,0:: AUV

M\i,}rd |

Amplifier-2
Ayoc=10V/V +
R, =3kQ Vg R,=
R, =400 O -
| —| Avp < loV/V
RU = WA
o= Yo
—-—-‘-'---_._._--"_-_._—_“—‘ |
! B i

4 kQ

[20 marks]
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Q.7 (a)| (1) Brietly explain the use of following network devices:
1. Repeater 2. Bridge 3. Router

(1) Whatis a process? Explain the different process states with the help of a process life
cycle.
[9 + 11 marks]
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Q.7 (b)| (1) Find the Taylor series of In(1 + x) centered ata = 0.
(ii) Determine the radius of convergence of this Taylor series.
(ii1) Use the first two non-zero terms of the power series you found in (i) to approximate

]nE.
2
(iv) Give an upper bound on the error in your approximation in (iii) using Taylor’s
PP y PP & ~ay
inequality.
[8 +4 + 2 + 6 marks]
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Q.7 (c)

(i) For the network shown, find

1. the transfer function H(®) =

2. the magnitude of H at w, =1 rad/s.
1Q

WW
+
IeD 1Q 1H 1F= 1Q%2V,

==

(ii) Find the equivalent resistance between terminals a and b (All resistances are equal).

L+
d

30 Q

Q =

[12 + 8 marks]
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Q.8 (a)

(i) Find R, to establish a drain voltage of 0.1 V. What is the effective resistance between

drain and source at this operating point?

V,=1V and k(%) =1mA/V?.

Vop=to V
'}
I} é Rp
— e VL:I

(ii) For R; =4.7MQ, R, =Rg=R; =15kQ, R, =100kQand g, =1 mA/V.Find C;, C.,
and C, for a lower cut off frequency f; = f, of 20 Hz and other pole frequencies,

fp,=1Hzand f, =4Hz.

d‘x %
i
0

[8 + 12 marks]
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Q.8 (b)

(i) Given page referencestring:1,2,3,4,2,1,5,6,2,1,2,3,7,6,3,2,1, 2,3, 6. Compare
the number of page faults for LRU and FIFO page replacement algorithms (4 frames
page).

(ii) Run through the given code and state the output.

# include <stdio.h>

int foo (int* a, int* b)

{
int sum = *a + *b;

*h = ﬂ:a;

return *a = sum - *b;

}

int main ()

{
inti=0,j=1,k=21
[=i++ | | foo (&j, &K);
printf (“%d %d %d %d”,i,j, k, ),

return 0;

[12 + 8 marks]
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Q.8 (¢)

Suppose a dielectric has a complex dielectric constant givenby ¢, = ¢,. + &, where g
refers to the dipole orientations and €. is a real quantity referring to the electronic and
ionic polarizations. Assume that E: , is determined by a simple relaxation time 7. Consider

the space between two parallel metal plates filled with this dielectric. If the distance
between the plates is 1 m, show that effective admittance of the condenser per m? plate
area is equal to

e —1
= e |e,; +1+—22
Y.* } ﬂ'|: el 1+}{!}T:|

[20 marks]
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