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Time: 3 hours ' Max. Marks: 75

Note: This question paper contains two parts A and B.

Part A is compulsory which carries 25 marks. Answer all questions in Part A.
Part B consists of 5 Units. Answer any one full question from each unit. Each

question carries 10 marks and may have a, b, ¢ as sub _questions.

PART- A -

(25 Marks)

l.a)  Find an integrating factor for the following equation %’ =e +y—1. [2]

b)  Find the solution of —x = == at x=1 and y=v/3. 3]
c) Find- the value of such that the: Vectors (1, l ,:?105}; '(:1:, a, 0) and (1,1, 1) are lihéa"r'ly

dependent. ' : (2]

2x —3y+5z=1
d)  Determine whether the system of equations is consistent 3x+y —z = 2 [3]

x+4y—6z=1
e) If Ais the Eigen value of a matrix A then derive the Eigen value of (adjoint4). [2]

H 1 a]\mg A as a 2 2 matrix show that the Eigen values ofA =the trace of A. [3]
2%y #u L ; I
= Y — i £ g o
g) ]ﬁuf. x¥ show lvhdl“ 3x%0y  Gxdyax " Al - [2] E
h)  Find the stationary values of xy(a — x — y). [3]
i) Eliminate the arbitrary function f from the equation and form the partial differential
equation z = xy + f(x? + y?). [2]
j)  Eliminate the constants a and b from the equation: z = (y + a)(x + b). [3]
PART-B iy, P
(50 Marks)

2.a)  Solve the Following differential equations:
y”—zy’+y=fe’ +4, y(0)= 1, y'(O): I
b) Find the orthogonal trajectories for the family of curves r™ sinn 6 = a”. [5+5]
OR

3.a). . Indn L-R circuit an e.m.f. of 10 sm t volts is apphed If](O) 0, fnd the current I(t) i’ the

carcu:t at any tlme . K

b)‘m Solve the Followmg dlfferentlal equatlony +2y +5y 4e™ cosZI y(O) 1, y':(O):O':

[5+5]



4.a)
b)

5.a)

b)

6.a)

b)

7.a)

b)

8.a)
b)

9.a)

b)

Find an LU factorization for the matrix [_13 _21]
In the following equations determine, for what value of “k” if any will the systems have
i) unique solution ii) no solution m) Infinitely many solutions
o kx+2y=3 : L -
o
2x — 4y = —6 i 15451 .
OR
Use either the Gaussian Elimination or the Gauss Jordan method to solve
x+2y—-3z=9

2x—y+z=0
dx—y+z=4
Using the theory of matrices, f'ncl the point such that the line of intersection ofthe planes
3%+ 2y +z=—1 and 2x — y + 4z = 5 cuts the plane x+y+z=4. [5 +5]
2 01
Obtain the Eigen values of the following matrix A = [0 2 0] and verify whether its
1 0 2
Eigen vectors are orthogonal.
Show that 0 is an Eigen value of a m_atrix A ifand only if it is singular_. [5+5]
IfA= [1 0 1] then show that A" = A"~2 + A2 —1 forn > 3. Hence find A%,
0 1 0
2 3 4
Show that the matrix A = [0 2 —1] is not similar to a diagonal matrix. [5+5]
0 0 1
Ifsm U= 2y show that xd—“-—F ya" = 3tanu:
x+y. . LTy
X+
If £(0) = 0 and f'(x) = — =f (_[‘_‘\_’;).
[5+5]
OR

Expand e* cosy in powers of x and (y - F—) 0.

- Show that the rectangular sohd of max1mum vo]urm. that can- be tnscrlbed in.a glven

"j_f’_aphm. isacube. . R B Recn C[5+5] ¢

11, ..

Find the general integrals of the linear partial differential equations
@) y*p —xy q = x(z = 2y)

b) (y + zx)p — (x + yz2)q = x* = ¥*. [5+5]
OR
... Find complete.integrals of the followmg equatlons
A ptampg -
l}) p q(x + yz) p + (? ......... p— o [5+5-|
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Note: This question paper contains two parts A and B.
Part A is compulsory which carries 25 marks. Answer all questions in Part A.
Part B consists of 5 Units. Answer any one full question from each unit. Each question
carries 10 marks and may have a, b, ¢ as sub questions.
Hlustrate your answers with NEAT skeiches wherever necessary.

PART- A

(25 Marks)
l.a)  State the conditions for a particle to be in equilibrium in space. [2]
b)  Classify the system of forces with neat sketches. [3]
¢) What are surface irregularities? How do they affect the relative motion of bodies
over one another? [2]
d)  Explain the tetms: Limiting friction, Angle of repose; Coefficient of static friction. *
3]

¢) Under what condition is the i) centre of gravity of a wire same as the centroid of its
centre line, ii) centre of gravity of a plate same as the centroid of its surface area?

2]
f)  Show that the mass moment of inertia of a thin circular ring of mass M and mean
radius R with respect to its geometrical axis is MR?. 31

2) v:Express the velogity.and acceleration vectors in-ternis of rectangular corponents. [2] .
h) - A cannon can fire a bomb with a release velocny ‘of 75 m/s. If the length of the
barrel is 1 m, and the mass of the bomb is 1200 kg, determine the force acting on the

bomb. (3]
i)  Distinguish between centre of oscillation and centre of suspension. [2]
j)  State the kinetic equations of motion in i) centroidal rotation, ii) non — centroidal
rotation, and  iii) general plane motion. [3]
- PART-B !
(50 Marks)
2. A system of forces act as shown in figure 1. Find the magnitude of the forces A and B so
that the resultant of the force system passes through P and Q. [10]
B.
e
o
T‘E‘Km
15m
P
* 350 NHm
15 ; A "
~2 I
4 o) g
’/éﬁa—u's m- .-‘.:fz_eb m—»l
300N

Figure: 1



OR

3. Determine the resultant of the force system acting in the plane shown in figure 2. Locate
the distance from A where the resultant cuts the x — axis. [10]
. 60N
L
ol /—“
B - 100 N-m
B D|
3m . MeoN
| K450
80 N-—Toe I >
3 m—p
_______ Figure: 2
4. Top 43 wedge' is- pushed inside-a gap in between two blocks bya vertical force P

shown in figure 3. Determine the value of P to just move the 1000 kg block to the left.
Also, find the value of W to maintain equilibrium. The coefficient of friction at all the

contact surfaces is 0.25. {10]
P

]

1000 kg

TR T ETTTT T IdAd L L7
Figure: 3 : o
—OR o’
5. What maximum HP can be transmitted per square cm of cross-section, if the tension in
the belt is not to exceed 25 kg/cm? and the ratio of the tension in the tight side to the
tension in the slack side is 1.8? Assume the weight of 1 cu cm of belt as 0.0011 kg.
[10]

6. A cone of base diameter 200 mm i§ fitted centrally 10 a hemisphere of diameter 200 min.
What should be the height of the cone so that the centroid of the combination solid lies at
the junction between the cone and hemisphere? [10]
OR



7.

9.a)

b)

10.2)

b)

Find the moment of inertia of the section shown in figure 4 about the x and y centroidal
axes. All dimensions are in mm. [10]
|

—»100@——

| | 300
‘ :
| - =
|
400 — #1004
|

Figure: 4

A-projectile is fired with an initial .velocity of 250 m/s at a target located at a horizontal

distance of 4 km and’ ‘a vertical distance of 700 m above the gun.-Determine the value of

the firing angle to Hit the target. Neglect air resistance. [10]
OR

The angular rotation of a body is given as the function of time by the equation

B8=0,+a+ b, where 0y is the initial angular displacement, a and b are constants.

Obtain the general expression for the (i) angular velocity, and (ii) angular acceleration of

the body. If the iniial angular velogity be 37 radlans/s and after two .seconds the angular

velocity is 8z radians/s, find the constants a and b." -

Derive the x — £, v—1; and a — ¢ relationships for umformly accelerated mwiotion. [5-+'5]

Determine the angular velocity of the earth assuming it to be a perfect square revolving
about the north and south poles. If the radius of earth is 6370 km, and its mass is
6 x 10** kg, find its angular momentum and rotational kinetic energy.

State the work — energy prmcnple and conservatlon of mechanlcal energy for a rigid

. bOd)’ motion. 7 S S [S*Dl

11.a)

b)

OR .
A body of 4 kg mass, when suspended from a sprmg, extends it by 10 cm. lf a body
of mass 1.5 kg is suspended from the same spring, determine the elongation of the
spring. If it is pulled by 1 cm from its equilibrium position and released, determine
the period of vibration, amplitude, and maximum velocity.
Distinguish between simple pendulum and compound pendulum. [5+5]
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Note: This question paper contains two parts A and B.
Part A is compulsory which carries 25 marks. Answer all questions in Part A.
Part B consists of 5 Units. Answer any one full question from each unit. Each question
carries 10 marks and may have a, b, ¢ as sub questions.

PART- A s )
(25 Marks)

la) If Zx-]S Zy 23, Zx =25 and ny 55, find best fit of straight line

i=]
y—a+bx. 2]
b)  Find the missing value from the following data - - . (31 .
x [o]1]2]3 ./
fx)|2]-]5]10

1 =1
¢) Letd =L | }, find L and U using LU decomposition method. 2]
d)  Findthe approximate value of 3 /30 using Newton's Raphson method 3]
e) Defne finite Fourier sine and cosiné transforms. = 2 2]
) - Find the halfrange sine series of f(x)=x on (0; ) [3]

g) Solve z=px+qy+4l+p°+q° [2]

h) Form the partial differential equation from z=(x*+a)(y* +b)by eliminating the

arbitrary constants a,b. [3]
i) D(,ﬁne divergent of a vector pomt fi unctlon and what does its geometncal meaning? .
sl ) - | e
i Let F =(x’ —yz)z ¥ (y —xz)] ¥ (z —xy)k is “ar lrrotatlonal vector find its" scalat
potential function, [3]
PART-B
(50 Marks)
2. Define interpoiatibff,’ and Find the:ir;térpolate polly,.mn:n'ia-;l from the fé)lfi’()'wing data
X 0 1 2 3 4
y 3 6 11 18 27
and hence find the value of y(0.1), y(2.1)and y(4.5). [10]
OR

3. .Given points (], 8), (2, -1) and (3 18) satisfying the function y = f(,\) Determine the
- values of y(2. S)and 1¥(2.0), u-\mg the Cubic spline apprm{mmll(m [I{il



4.a)  Find the positive root of the equation 3x=cosx +1 by iteration method.

b)  Solve the following system by Gauss-Seidel method
27x+6y—2z=285

ox+15y+2z=72
X+y+54z=110 "~ [5+5]
OR
) 2
5.a) Evaluate .[e"" dx using Trapezoidal rule as well as Simpson’s rule, taking step size
0

h=0.2.
b)  Wse Adams-B ashinrth Moulton method find y(O 8) from ?—Hy y(O) 1. Fmd theﬁ_
X :

" inifial values y(0: 2) ¥(0.4) and y(O 6) from Taylors seties method. [5’*5]

6.a) Let f.(p) and £.(p) are Fourier sine and cosine transform of f(x), Prove that
F, {xf(x)}=—f(p) and F{xf (x )}———f (p)

b) Obtain the Fourlcr series exp'msmn of f(x) = [%|iin (- =, ) and hence deduce: that

gl gl . [5+5]

g8 1* 3 5
OR
. . ) 1 for—-1<x<l Tsinx
7.a)  Find the Fourier transform of f(x) = and hence evaluate J.——dx .
0 forx<-l, x>] 5 X
b) ~ Find the Fouricr sme transform of %™, x> 0. - ;_ [5+5} .
A . . . . ou ,0u
8. Find the solution of the one dimensional heat equation = ¢ — under the boundary
X
conditions #(0,¢)=0, u(l,¢)=0and u(x,0) = x(/ —x), 0<x </, I being the length of the
rod. [10]
,A-S 1ve x'(y— z)p+y = x)q z (_l -y)
b) Solve 22 (P°x>+¢*) =1 ' [5+5]

10.a) Applying Green's theorem, evaluate I(y—sinx)dx+cosxdy,where C is the plane

. . T 2x
_triangle enclosed by-the lines y =.0,x = 5 and y=—
b) “Use " Divergehce “theorem fo- e\:.a'lllmc_[ﬁ'nfa{c over the -surface of - sphere

x* +y?+2z° =a® where F =3xi +3yj +3zk . [5+5]
OR
11.  Verify Gauss divergence theorem for F =(x* —yz)i —2x%yj + zk taken over the cube

bouiided by the plangs x=y=z=4a. Pkl S 1101 -
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Note:

l.a)

c)

d)

i)
J)

This question paper contains two parts A and B.

Part A is compulsory which carries 25 marks. Answer all questions in Part A.
Part B consists of 5 Units. Answer any one full question from each unit. Each question
carries 10 marks and may have a, b, ¢ as sub questions.

Tllustrate your answers with NEAT sketches wherever necessary.

PART- A :
(25 Marks)
State the conditions for a particle to be in equilibrium in space. [2]
Classify the system of forces with neat sketches. [3]
What are surface irregularities? How do they affect the relative motion of bodies
over one another? 12]
Explain the terms: Limiting friction, Angle of repose, Coefficient of static friction.
’ [3]

Undér what condition is the i) centre of gravity of a wire same as the centroid of. its
centre line, ii) centre of gravity of a plate same as the centroid of its surface area?

2]
Show that the mass moment of inertia of a thin circular ring of mass M and mean
radius R with respect to its geometrical axis is MR?. [3]

Express the velocity and acceleration vectors in terms of rectangular components. [2]
A cannon can fire.a bomb with a release velocity of 75 m/s. If the length of the
barrel is 1 m, and the mass of the bomb is 1200 kg, determing the force acting on the

bomb. 3]
Distinguish between centre of oscillation and centre of suspension. [2]
State the kinetic equations of motion in i) centroidal rotation, ii) non — centroidal
rotation, and iii) general plane motion. [3]
PART-B
(50 M.u ks)
A system of forces act as shown in figure 1. Find the magnitude of the forces A and B so
that the resultant of the force system passes through P and Q. [10]
B \‘\\
40D ?
15m
-~ ¥ P

350 N-m

1.5m \ /A
i) a £
Mfg.‘\d—?%Sm '.b[ZZ'JIH—:" .

Figure: 1 -




OR
Determine the resultant of the force system acting in the plane shown in figure 2. Locate
the distance from A where the resultant cuts the x — axis. [10]

- :BO N ‘

100 N-m

/\ 12° wedge is pushed inside d gap in between two blocks by a vertical force P as
- shown in figure 3. Determine the value of P to just move the 1000 kg block to the left.
Also, find the value of W to maintain equilibrium. The coefficient of friction at all the

contact surfaces is 0.25. [10]
P

STTTTTT 77 //////'//
Figure: 3 ... :
: _ OR . - :
7 What maximum’ HP can be transzmlted per square &m of cross: seclmn if the tenSion in
the belt is not to exceed 25 kg/cm? and the ratio of the tension in the tight side to the
tension in the slack side is 1.8? Assume the weight of 1 cu cm of belt as 0.0011 kg.

[10]

A cone of base diameter 200 mm is fitted centrally to a hemisphere of diameter 200 mm.
" What should be the height of the cone so that the centroid of the combination solid. Jies at

‘... the junction between the cone and hemisphere? [10]
OR



T

9.a)

b)

10.a)

b)

11.a)y

b)

Find the moment of inertia of the section shown in figure 4 about the x and y centroidal

axes. All dimensions are in mm. [10]
—p100 rt——
300
S Il ] 300
‘ ;
| = ¥
|
«— 400 —>-1004——
|
Figure: 4

A projectile is fired with an initial velocity of 250 m/s at a target located at a horizontal

.. distance of 4 km and a vertical distance of 700 m above the gun. Determme the value of
the ln ing anL,Ie to: hlt the target. Neﬂlect air resistance. - , [10]

OR
The angular rotation of a body is given as the function of time by the equation
0 =0, + af + bi?, where 0 is the initial angular displacement, a and b are constants.
Obtain the general expression for the (i) angular velocity, and (ii) angular acceleration of
the body. If the initial angular velocity be 37z radians/s, and after two seconds the angular
velocity is 87 radians/s, find the constants a and b.

"Derlve thex—1,v~r;and a —/{ relat|0nsh1ps for umformly accelerated motion,  [3+5]

Determine the angular velocity of the earth assuming it to be a perfect square revolving
about the north and south poles. If the radius of earth is 6370 km, and its mass is
6 x 10** kg, find its angular momentum and rotational kinetic energy.

State the work — energy principle and conservation of mechanical energy for a rigid

hody motion. [5+5]

OR .
“A body of 4 I\E mass when suspc:1ded from & sprmg, extends 1t by 10 cm. ]f a body
of mass 1.5 kg is suspended from the same spring, determine the elongatlon of the
spring. 1f it is pulled by 1 c¢m from its equilibrium position and released, determine
the period of vibration, amplitude, and maximum velocity.

Distinguish between simple pendulum and compound pendulum. [5+5]

---00000---
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Note: This question paper contains two parts A and B.
Part A is compulsory which carries 25 marks. Answer all questions in Part A.
Part B consists of 5 Units. Answer any one full question from each unit. Each question
carries 10 marks and may have a, b, ¢ as sub questions.

" PART- A _,
(25 Marks)

10 10 10 10
lay If szlS, Zy=23,2x2=25 and ny=55, find best fit of straight line
i=l i=1 i=1 i=l

y=a+bx. 2]
b)  Find the missing value from the following data . - . [3] ..
x |o[1]2]3 ' "

fx)|2]-15]10

1 -1
c) Let4 2[1 ] ], find L and U using LU decomposition method. 2]
d)  Find the approximate value of J_U using Newton's Raphson me{hod [3] .
e)  Define finite Fourier sine and cosiné transforms . e 2] :
f) * Find the half range sine series of 7 (x) = x on (0 n : ' [31

g) Solve z=px+qy+,,!'l+p +q 2]

h) Form the partial differential equation from z=(x* +a)(y’ +b)by eliminating the

arbitrary constants a, b. [3]
iy Def"m. divergent oi a vector pomt Tunctlon and what does its geomurmdl meaning?
i~ e S 2]
j) Let- F=(x* —yz)z +(y -xz)] +(z —)g/)k is atf irrotational ’ vu:tur find its scalar
potential function. [3]
PART-B
(50 Marks)
7, Deime interpolat:i7goj%; and Find tlié:-‘i|_ﬂ'ei‘i?olate polj}ﬁomi'a-l from thif_,_:fbl'l'owing data
X 0 1 7 3 4
y 3 6 11 18 27
and hence find the value of »(0.1), y(2.1)and y(4.5). [10]
OR
3. ..Given points (1, -8);(2, -1) and (3 18) satisfying the function y —f(x) Determine the

__._-'__vvalue:, of y(2.5) dﬂd ¥(2.0), usmg the Cubic spline ;1]Jprn\1m'11mn 110]



4.a)
b)

b)

6.a)

b)

7.a)

b)

9.a)
b)

10.a)

b)

11.

Find the positive root of the equation 3x=cos x +1 by iteration method.
Solve the following system by Gauss-Seidel method

27x+6y—z=285
Ox+15y+2z= 72
Xx+y+54z=110-

. [5+3]
OR

2

Evaluate J.e"zdx using Trapezoidal rule as well as Simpson’s rule, taking step size
0

h=0.2.
Use Adams-Bashforth Moulton method, find y(0.8) from ? —x+y y(O) 1. Find lhe;
dx b

initial values y(0.2), y(0.4) and y(O 6) from Taylors series method. - [5+5]

Let f.(p) and f.(p) are Fourier sine and cosine transform of f(x), Prove that
Ff (5} = —f (p) and F, {xf(x)}———f ()

Obtam the Fourler serles expansmn of f(x) |x| in ( T, T) and hence deduce that

'-2» : N H
”_:L+L+L+ .............. . [5+5]

8 ¥ 3 5
OR
_ _ 1 for—l<x<l Tsinx
Find the Fourier transform of f(x) = and hence evaluate I—dx ;
0 forx <-1,x >l y X
Flnd the Fourier sme transform of - xe ™ , x>0, ; [’5}5’..]
. . ) . . Ou ,0u
Find the solution of the one dimensional heat equation r =5 =~ under the boundary
! X
conditions u(0,£)=0, u(l,t) =0andu(x,0) = x(/ —x), 0<x </, [ being the length of the
rod. [10]
“ OR .
Solve x*(y- z)p+y (z— x)q~-z (x = y) ;
Solve z2(px® +¢°) =1 ' [5+5]

Applying Green's theorem, evaluate I(y—sinx)dx+cosxabz,where C is the plane

triangle enclosed by the lines y = 0 x= Eand y= 3
R/

tse Dlvergence " theorem to evaluateJ.Fondy over the -surface of sphere

x*+y* +z° =a’ where F =3xi +3yj +3zk . [5+5]
OR
Verify Gauss divergence theorem for F =(x* —yz)i —2x’yj + zk taken over the cube

bouiided by the. p]anes X=y=z= a.’ [10]
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Answer any five questions
All questions carry equal marks

oy i

1.a)  Show that the packing fraction of FCC is more than S€C and BCC.
b)  What is Cohesive energy? Estimate cohesive energy ol ionic solids. - ;o _» -
¢)’  Write a short note on Laue method. - [6+6-+4]

2.a)  Explain Heisenberg Uncertainty Principle.
b)  Show that the energies of a particle in one dimensional potential box are quantized.
¢) Explain physical significance of wave function. [4+8+4]

3.a) "_'.]Dmmgwsh between classical free electron theory. and Quantum free electron.
b): . Discuss Kronig Penney model for the motion of an electron in a periodic potential.
¢)  Explain classification of materials on the basis of band theory of solids. [4+8+4]

4.a) Derive an expression for Clausius Mossotti relation.
b)  Write a note on classification of magnetic materials.
¢) Explain piezo electrlcny [6+6+4]

5.a) . Dlstmgmsh b(;t\VLLn direct band g g:,ap and indirect’ band gap semlconduutors
b)  Write a short note on BCS theory.
¢)  What is Hall effect? Derive an expression Hall coefficient. [4+6-+6]

6.a)  With neat diagram explain mechanism and principle of semiconductor laser.
b)  What are the general characteristics of lasers?
c) Wme a note on He-Ne gas laser system 5y Ao e [6Fr4+6]

7.a) = Desmbe the classxﬁcatlon of optlcal f'bers on the baSe of refractive mdex
b) Discuss construction and reconstruction of image on hologram.
¢)  What are the applications of optical fibers? [6+6+4]

8.a)  What is Nano? Explain the significance of the Nanomaterials.

b)  Wrile a note on carbon nanotubes.
¢)  What are the dpplications of Nanomaterials? [6+G+4]
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