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lMechanicsl

Group - A

Answer any ten questions : 2xl0:20

1. An artificial satellite revolves about the earth at a height

FI above the surf-ace. Find the orbital speed so that a

man in the satellite will be in a state of weightlessness.

2. Define 'apse' of a central orbit. Show that, at an apse,

a particle is moving at right angles to the radius vector.

3. When the equilibrium of a rigid body under the action

of a number of'coplanar fbrces will be stable or unstable

in nature?
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4. Find the C.G of a unifom arc of a circle

5. Show that the centres of suspension and oscillation of a

compound. pendulum are interchangeable.

6. Define equi-momental bodies. Write the conditions fbr

equi-momental bodies.

7. Find moment of inertia of circular ring of mass M and

of radius 'a' about any diameter.

8. Define compound pendulum. What do you mean by

.simple-equivalent pendulum?

9. State conseruation ofjlinear momentum under finite lbrces.

Also state conservation of energy.

10. Prove that the momental ellipsoid at the centre of the

elliptic plate whose equation is {**=r, is
a' b-

x' vt (t l\,
-*:-:+l 

.- *- lz' = Constant .

a- b' \r' b')

11. A particle describes an ellipse about a focus and when

at the end of minor axis receives a small impulse towards

that fbcus which communicates a velocity zz to the

particle. Show that the eccentricity is increased by

r -,3:2 Iua\l-e-) lh.
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12. A particle describes an ellipse under a force

lt
.2

( drstance )

towards the focus; if it was pro.iected with

velocity v from a point at a distance r from the centre

)r
of fbrce. show that its periodic time is -

lt
^lZV
rp

13. Find the velocity of an artificial satellite of the earth. given

g: 9.8 m/sec2, radius of earth :6.4xl08imetres.

(Assume that the satellite is moving very close to the

surface of the earth).

14. The position of a particle of mass m moving in space

referred to a set of rectangular axes at any instant / is

acosnt, astnnt, a12 . Find the magnitude and
2

1

direction of the acceleration.

15. What is meant by principal axes of a given material

system at a point? State the condition so that a given

straight line may be a principal axis of the material

system at any point of its length.
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GrouP - B

Answer anY four questions " 
5x4:20

16. If a system of forces in one plane reduces to a couple

whose moments is G and when each fbrce is turned

through a right angle it reduces to a couple H' Prove

that when each fbrce is tumed through an angle a ' the

system is equivalent to a couple whose moment is

Gcosa + H sina.

17. Find the c.G. of area enclosed by the curves y2 = ax

and * + f :Zax lying in the first quadrant'

18. A particle is proiected at right angle to the line joining

it to a centre of force' attracting according to the law

t;
of inverse square of the distance, with a velocity t' '

wherel/denotesthevelocityfiominfinity.Findthe
eccentricity of the orbit described and show that the

periodic time is 2rT , where I is the time taken to

describe the major-axis of the orbit with velocity I/'

19. A particle of unit mass is projected with velocity u al

an inclination a above the horizon in a medium whose

resistanceisfr-timesthevelocity.Showthatthedirection

of the path described will again make an angle a with

the horizon after a rirn. !tog[
k "1..

2kul+-Slna
o5
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20. OA, OB, OC are the edges of a cube of side a and

OO', AA', BB', CC' are its diagonals; along OB'" O'A,

BC, ("A' act forces equal to P,2P.3P, 4P: show that

they are equivalent to force J-35P at O along a line

whose direction cosines are proportional to -3, -5, 6

together with a couple ?m about a line whose'2
direction cosines are propoftional to 7,-2.2.

21. Two equal unifbrm rods, AB and A(', are freely hinged

at A and rest in a straight line on a smooth table. A blow

is struck at -B perpendicular to the rods, show that the

kinetic energy generated i, ] ti*es what it would be if
+

the rods were rigidly fastened together at l.

Group - C

Answer any two questions 10x2:20

22 (i) A beam of length / rests with its ends on two

smooth planes which intersect in a horizontal line.

If the inclinations of the planes to the horizon are

a . and 13 . and the centre of gravity of the beam

divides it in the ratio u: b. Find the position of
equilibrium of the beam and show that the

equilibrium is unstable. 6
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(ii) If a hemisphere rests in equilibrium with its cuved

surface in contact with a rough plane inclined to a

horizontal at an angle 0 then show that the

inclination of the plane of the hemisphere to the

horizontal is sin-r 
[]ttr 

r) . provided I < sin-' l.
8

4

(i) Prove that every given system of forces acting on

a rigid body can be reduced to a wrench' 5

(ii) Six fbrces, each equal to P, act along the edges

'of a cube, taken in order which do not meet a

given diagonal. Show that their resultant is a couple

of moment ZJiPa, where n is the edge of the

cube. 5

(i) Find the kinetic energy of a body moving in two

dimensions. 4

(i1) A lamina in the form of an ellipse is rotating in its

own plane about one of its foci with angular

velocity ar. This fbcus is set free and the other' at

the same instant is fixed, show that'*;T!:: *l
rotate about it with angular velocity rol;U ' o

(i) Having given the momeuts and products of inertia of

a rigid body about three perpendicular concurrent

axes. Find the moment of inertia of the body about

anaxis'withknowrtdirectioncosinesthroughthat

24.

25
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point. Hence deduce the equation of momental

ellipsoid of the body at that point. 3+2

(r) A rough unifbrm rod of length 2a is placed on a

rough table at right angles to its edge. If its C.G.

be initially at a distance b beyond the edge. show

that the rod will begin to slide when it has tumed

through an angle tan-r

coefficient of friction.

where p is the

5
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[Number TheorY]

GrouP - A

Answer anY ten questions

1. If an integer a > I is not divisible by any prime p < J; '

then prove that a is a Prime'

2. State the prime number theorem' What is interpretation

of the theorem?

3. Show that the sum of twin primes p and p+2 is

divisible by 12, provided that p>3'

5. Is 2(56!) + 1 divisible by 59? Justify'

6. Prove that the product of the positive divisors of an

integer r > 1 is 
"quul 

,o ,1'.

7. Find the number of zeros at the end of 1000!'

8. For any ne N, show that fi(n1)=nd(n)'

where p is the Mcibius function.

2xl0:20

v-6/42 - 1500

n_-..-:__.-.=
gcdla,n)4. Prove that ax: aY(mod n)+ x = mod

(
vl
"1.



(e)
10. Show that the Dirichlet inverse of 2 is lpl, where )"

and p are Liouville function and Mdbius function

respectivelY.

11. If p is an odd prime, then prove that the only

incongruent solutions of x2 = l(modp) are I and

p-1.

12. Find all prime numbers that divide 50!'

13. Find the value of the following Legendre symbol :

/ -rr \t-"1
Ise)

14. lf pis an odd prime, then show -" f:=i[;)

15. Find last two digits of the number 9e"

Group - B

Answer any four questions

=Q

5x4:20

16. Show that a square-free number ru is either prime or a

Cannichael number if p-l divides n-l for every prit.ue

divisor p of n. Prove that a positive integer is divisible

by ll if and only if the sum of its digits with alternate

signs in its decimal expansion is divisible by 11' 2+3

P.T.O.
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17. Let F and/ be fwo number theoretic flnctions related

by the fbrrnula r(n)=z^,,f (d). Then show that

)='','(*Jtt'l
t7

d"f (") =2,,,,P(d) F

18. How to encrypt and decrypt the message M < n in the

RSA cryptosystem with the are public key (n, e)? 5

19. Prove that an integer n> I is prime if and only if

(n-z)t= l(modr) s

20. If p is a prime number and dlp-1, then show that the

congruence x'/ - 1 = 0(modp) has exactly r/ solutions.

5

21. If g and h are multiplicative, then prove that the Dirichlet

product g * /z is also multiplicative. Show that r * d = o,
where r, d, o are divisor function, Euler's phi function,

divisor sum function respectively. 3+2

Group - C

Answer any two questions : l0x2:20

22. Solve the systern of linear congruences 2x=1(mod5),

4x = 1(mod 7) , 5x = 9(modl l) . For any positive

integer n, show that Lu,,,((d) = n. State and prove

Euler's theorem' 4+2+4
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23. Yeify that2is.a primitive root of 19, but not of 17' If
p is a prime and d is an integer dividing p- l. then

prove that the polynomial congruence

xu -l=0(modp) has exactly ri solutions' Show that

there is no primitive root modulo 2' if e 2 3 ' Solve the

congruence x8 = 5(mod11)' 2+3+3+2

24. If p be an odd prime and gcd (a,p)= 1, then prove that

a is a quadratic residue or nonresidue of p according

r) I1-l

to whether a-{ =l(mod p) or aT ==l(rnodp). If

p be an odd prime, then show that 2 is a quadratic

residue modulo p if p = l(rnodS) ot p=7(mod8)

and quadratic nonresidue modulo p if p= 5(mod8) or

p = 3(rnod8). 5+5

\
25. lf p and q are distinct odd primes, then prove that

ifp = l(mod4) or q = l(moda)

ifp:q=3(mod4)

If p +3 is an odd prime, then show that

ifp = t1(mod12)

I ifp=t5(modl2)

(q
1.,
(,1)-tr 

l

(p\
tt\q)

(:) I
I l- )

l.p/ t
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Is x2 =17(mod2t .13' .47t0) is solvable? .tustify.

Show that 3n. 4n, 5n where fr- 1,2,... are the only

Pythagorean triples whose terms are in arithmetic

progression. 3 +2+3+2
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OR

[Industrial Mathematics]

Group - A

Answer any ten questions fiom the following :

2x10:20

1. What mathematical technique is commonly used in

medical imaging to reconstruct images fiom raw data

obtained through techniques such as computed

tomography (CT) or magnetic resonance imaging (MRI)?

2. What mathematical corrcept is utilized in medical image

processing to enhance or filter images, remove noise. or

improve image quality?

3. What mathematical method is often employed in medical

image segmentation to identify and delineate regions of

interest, such as tumors or blood vessels, fiom medical

images?

4. What mathematical concept is utilized in X-ray imaging

to create images of internal structures of ob.iects or

materials?

5. What mathematical method is commonly used in

industrial X-ray imaging to atalyze the defbcts or features

of objects, such as welds, castings, or composites?
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6. What mathematical tool is often employed in X-ray

computed tomography.(CT) fbr reconstructing cross-

sectional images of objects fiom X-ray pro.iections?

7. What is the Radon Transform?

8. What is the main application of the Radon Transform in

industrial mathematics?

9. What are some properties. of the Radon Transform that

make it useful in industrial applications?

10. What is CT scan in the context of industrial
mathematics?

11. What is Back Pro.iection in the context of image

processing and computed tomography (CT)?

12. What are some advantages of Back Pro.iection in

industrial appl ications?

13. What are some applications of CT scan in industrial

settings?

14. What mathematical techniques are commonly used in CT

scan image reconshuction in industrial mathematics?

15. What is an inverse problem in industrial mathematics?

Group - B

Answer any four questions fiom the following :

5x4:20

16. How does Back Projection work in CT imaging?
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17. \\hat is the importance of inverse problem?

18. What are some common approaches fbr solving inverse

problems in industrial mathematics?

19. What are some challenges associated with solving inveme

problems in industrial mathematics?

20. Write short note on X-ray Behaviour'

21. Provide a framework of lnverse Problems'

GrouP - C

Answer any two questions fiom the following :

l0x2=20

22.DiscussGeologicalanomaliesinE'arth'sinteriorfiom
measurements at its surface'

23. Discuss Beers Law with a suitable illustration'

24. Mention various properties of Back Projection'

25.MentiontheproperliesoflnverseFourierTransformsin
CT scan.
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