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.Question 1

(A) i
(B) iv
Q) i,iv
(D) i, iii
(E) iv
(F) ii
(G) ii
(H) iii

.Question 2:

For a semiconductor in thermal equilibrium the energy-level occupation is described by
the Fermi-Dirac distribution function (rather than the Boltzmann). Consequently, the
probability P(E) that an electron gains sufficient thermal energy at an absolute temperat-
ure 7, such that it will be found occupying a particular energy level £, is given by the
Fermi-Dirac distribution [Ref. 1]:

Energy
A Conduction band .Electrcns
e ® o ® o 4 o .
e’ e o o o "o e . °
——————————————————— <— Donor impurity level
________________________ Ep--
e
Acceptor impurity leve| —4———————-————————————
o e} o 0O 000 0O0g ©
o] O o O © o o ©
Valence band Hislss
(a) (b)

1
"~ 1+exp(E- E)/KT

HE)

Question 3:

As the density of atoms in the lower or ground energy state £ is /V,, the rate of upward
transition or absorption is proportional to both /V, and the spectral density p, of the radia-
tion energy at the transition frequency £ Hence, the upward transition rate R, (indicating
an electron transition from level 1 to level 2) may be written as:



R, = Np:B,

where the constant of proportionality B, is known as the Einstein coefficient of absorption.

The rate of stimulated downward transition of an electron from level 2 to level 1 may
be obtained in a similar manner to the rate of stimulated upward transition. Hence the rate
of stimulated emission is given by N,p,B,,, where B,, is the Einstein coefficient of stimu-
lated emission. The total transition rate from level 2 to level 1, K;,, is the sum of the spon-
taneous and stimulated contributions. Hence:

Ry = N,A,, + N,p. B,

For a system in thermal equilibrium, the upward and downward transition rates must be
equal and therefore R, = R, or:

NipBip = NoAy + Nop By,

From this relation, we can derive the relation between Einstein’s coefficient.

812: i le
and:
A,  8mhf’




Initial state Final state

EZ X @
AN Absorption
E, °
(a)
E Spontaneous s
! emission
Es Y °
(b}
: Stimulated
! emission
E, L o

(e

Question 4:

Consider the following idealized crystal potential:

We assume E <V,



L

——

=0 0 a

are obtained by writing the Schrodinger equations for the two regions as

d2\p 2m

-;i-x—2-+;é—Ew =0 for0<x<a (6.21)
and

dztp 2m

— + -?(E—Vo)lp=0 for-b<x<0 (6.22)

dx h

Assuming that the energy E of the electrons is less than V,,, we define two

real quantities o and P as

2mE 2m(V,—E
aZ= _1?2—- and P%= —-'(';:3_")' (6.23)

X



au_}lp/ Y%
mVoba we (638)
2 _
V.b of the potential barriex/ Thus increasing
g an electron (more stron to
8) in (6.37), we get

We define a quantity P as

—
—

which is a measure of the area V7 — -

P has the physical meaning 0== =
particular potential well. Using Eq. (6.

Psincla 4+ cosaa = COSka (6'39)

oa

sl
—— sinaa+ cos aa
Aoca

N\
. —3n -7 0_ * |\ 3= 4z
R - 2 -
—4n -2n n ua.
-1
Nl is

(1) The energy spectrum of the electrons consists of alternate
regions of allowed energy bands (solid lines on abscissa) and
forbidden energy bands (broken lines).

(i) The width of the allowed energy bands increases with aa of
the energy. ' '

Question 8(iii): The governing equation that defines motion in 1D BOX may be written as,



where E. represents the kinetic energy Of the c lfff_m:jn ,Ti:l LLh Sate ang
is s potential encrgy.

The general solution to this equation is
y, (x) = A sinkx + B coskx

where

| @ Fermi ‘Energy

e

. —
If N is the total number of electrons to be accommodated on the 1in°
then, for even n, we can write

2ny, = N

e o pepresents the principal quantum number of the Fermi level. Thus,

vor n = M

|

o h (n,,-n)"" nt ( Nn)’
Fooam\ L ) 2m\2L



Vacuum

ol ol 2 A
Vo
2 v
Metal surface

Density of States

The density of states is defined as the number of electronic states
present in a unit energy range. It is denoted by D(E) and is given by

dn
D(E)=2§E_'

Hence
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Question 8: (I)







Ql.

a)

b)

d)

e)

Dr Nidhish Kumar Singh
Asst. Prof of English

Muzaffarpur Institute of Technology
Muzaffarpur-842003

_ 2" Semester (Mid-Semester) Exam — 20!8-1?
Civil, Information Technology. Mechanical and Leather lechnology

ENGLISH (100106)
Answer Key

i) Along
i) The
i) A

i) The needy people should be helped.
i) You are requested to post this letter

i) Both, On both sides.
ii) Book

iii) Speak/Declare

iv) Work

i) I had my dinner an hour ago.
i) She slept for eight hours last night.

) A
i) C

AT

Dr Ashutosh Kumar
Assoc. Prof of English
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Solution 6 (a)

Symmetric Matrix: A symmetric matrix is a square matrix that is equal to its transpose.

Ex.

2 31
-3 5 4
1 4 6

Orthogonal Matrix: A square matrix A is said to be orthogonal if AA" =I.
cosd -—siné
| sin@ cosd

Ex.




Hermitian Matrix: A square matrix A is said to be Hermitian if A=A"(transposed conjugate of A).
2 3+i 1+2i
Ex. | -3—i 5 4—i
1-2i 4+i 6

Solution 6 (b)

We know that A is said to be an eigenvalue of a square matrix A if there is a nonzero column vector
Xs. t.
AX= AX 1)
More over the system of equations AX=0 has non trivial solutions iff |A|=0.
Now from (1), we have 4 =0 <> AX=0 < |A|=0 (since X # 0).
This proves that A is singular iff 1=0.

Solution 7 (a)




Solution 7 (b)
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Attempt any four questions out of which question no. 1 is compulsory.
1. Chose the correct option of the following: (1x5=5 Marks)

(@) Ans: (i) A

(b) Ans: (i) X, =x — f(x)
(c) Ans: (ii)|x| < 1
(d) Ans: (iv) -1

(e) Ans: (iii)2xy+C

2. (a) Define Analytic function and State the Necessary and Sufficient Condition for Analytic
Function.

Solution: A function f(z) is said to be analytic at a point z=a if f(z) is differentiable not only
at z=a but differentiable at each point in some nbd of z=a.

A function is analytic in a domain if it is analytic at each point of the domain.

Ex. (i) f(z) =€’ is analytic everywhere.
(ii) f(z)=|z|2 is differentiable at z=0 but not analytic at z=0. Reason is that f (z) is

differentiable at z=0 only.
Necessary and sufficient conditions for a function to be analytic

The necessary and sufficient conditions for a function f(z)=u(x,y)+iv(xy),to be

analytic are that:
1. The four partial derivatives of its real and imaginary parts du 0x , ov 0y , Ou dy , Ov Ox
are continuous.
2. The four partial derivatives of its real and imaginary parts ou 0x , ov 0y , du 0y , Ov OX
satisfy the Cauchy-Riemann equations.
ie.u,=v, and u =-v

X "



(b) If u—v=(x-y)(x*+4xy+y) and f(z)=u-+iv, is an analytic function of

z=x+iy,find f (z) in terms of z.

3. (a) Show that the function f ,/ is not analytic at the origin even though C-R

equations are satisfied thereof.
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(b) Determine an Analytic function f (z) in terms of z whose real part is

e*(xsiny—ycosy).
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4. (a) Solve xe*(dx—dy)+e*dx+ye’dy=0.




(b) Solve (D*~2D+1)y = xe*sinx.




3 2
5. (a) Solve x3%+3x2%+x%+y:x+logx.




(b) Solve (D2 +2D +1) y=e “logx by using method of variation of parameters.




6. (a) Using Runge-Kutta method, Solve the equation

%:m% Cy(L)=2 for y(1.1) and y(12).

(b) Find a real root of the equation x> —5x + 2 = 0 by Newton-Raphson’s method.




7. (a) Find the value of J,(x) intermsof J;(x) and J,(x).

Evom Reruvrorea Palobvn ! e bae
Teov)= 24
M2 L0 - T ——
Pt o=y 5, - &
. - wobian .
big o g
PRSI = Ly - Toln)
or s

5 B
NS =% Tty - Ty

[
- nzac

Tat>): é_ Tyln) - I, =)

=8 [_g\ - ],L.\]-[ir.o)»;.w]

£ 38 T iy e
24 [ RT3 T - £ k- T1Gag,

= A 7wy -34 =L
. T.(m) :T'J.\'«) = B Zq

+ Taln)
~[he . &
- (,:‘, r;.%)!.tﬂ)‘kn-?f';)!,a~J

( 42

n?

- 2) T (1 2% ) By

d n n
(b) Prove that &[x Jn(x)]zx I (%)

24 A we hove Hhe S0 tatpn,
’»’ Beciel s “unb-‘-» "oy

Tty 2 5 %
o F e e

mey

R )
%27 gm Cirarar)

£
A [ re) 4 | pligos | )
: J

o L)
= Z )7 (Bmaany o2

Tanan

o 2™ Lm e )

Zem4 Levt)

) m N
= & (-1) 2 (arge)

S o Ll
= = - S o

7:.” L"")l m (_"‘4"7)"

[.ai\ L"‘MLUJ_] = % J.®)

i Pf)vrl_:)






Govt. of Bihar
MUZAFFARPUR INSTITUTE OF TECHNOLOGY,
MUZAFFARPUR, BIHAR — 842003

(Under the department of Science & Technology, Bihar, Patna)

B. Tech 2" Semester Mid-Term Examination, 2019
Mathematics-11
(ME)
Time: 2 hours Full Marks: 20
Subject Code: 211202

Attempt any four questions out of which question no. 1 is compulsory.
1. Chose the correct option of the following: (1x5=5 Marks)

(@) Ans: (i) A

(b) Ans: (i) X, =x — f(x)
(c) Ans: (ii)|x| < 1
(d) Ans: (iv) -1

(e) Ans: (iii)2xy+C

2. (a) Define Analytic function and State the Necessary and Sufficient Condition for Analytic
Function.
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differentiable at z=0 only.
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The necessary and sufficient conditions for a function f(z)=u(x,y)+iv(xy),to be

analytic are that:
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are continuous.
2. The four partial derivatives of its real and imaginary parts ou 0x , ov 0y , du 0y , Ov OX
satisfy the Cauchy-Riemann equations.
ie.u,=v, and u =-v
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(b) If u—v=(x-y)(x*+4xy+y) and f(z)=u-+iv, is an analytic function of

z=x+iy,find f (z) in terms of z.

3. (a) Show that the function f ,/ is not analytic at the origin even though C-R

equations are satisfied thereof.
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(b) Determine an Analytic function f (z) in terms of z whose real part is

e*(xsiny—ycosy).
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4. (a) Solve xe*(dx—dy)+e*dx+ye’dy=0.




(b) Solve (D*~2D+1)y = xe*sinx.
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5. (a) Solve x3%+3x2%+x%+y:x+logx.




(b) Solve (D2 +2D +1) y=e “logx by using method of variation of parameters.




6. (a) Verify Stoke’s theorem for the vector field F =(2x— y)f— yz’ j—y°zk over the

upper half surface of sphere x* + y*+ z® =1, bounded by its projection on xy- plane.




(b). Using divergence theorem, evaluate j r.nds where s is the surface of the sphere

X +y?+2°=0.

7. (a) Using Runge-Kutta method, Solve the equation

ﬂ=x3+% , y(1)=2 for y(11) and y(1.2).




(b) Find a real root of the equation x> —5x + 2 = 0 by Newton-Raphson’s method.




