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Examination, 2021
MATHEMATICS

Paper - III

(Mechanics)

Time Allowed : Three Hours

Maximum Marks : 50

Minimum Pass Marks : 17

veesš : meYeer heeBÛe ØeMveeW kesâ Gòej oerefpeS~ ØelÙeskeâ FkeâeF& mes oes Yeeie

keâjvee DeefveJeeÙe& nw~ meYeer ØeMveeW kesâ Debkeâ meceeve nQ~

Note : Attempt all five questions. Two parts from each

unit are compulsory. All questions carry equal

marks.

FkeâeF&—I / UNIT-I

Q. 1. (a) a ceeršj otjer hej efmLele oes KecYeeW mes Skeâ šsueerHeâesve leej

keâmekeâj yeebOee ieÙee nw efpemekesâ ceOÙe ceW Deeveceve n nw~

efoKeeFÙes efmejeW hej leveeJe ueieYeie 
2a 7n

W
8n 6

 
  

 
 nesiee~

A telegraph wire stretched between two pole

at a distance a metre apart, sag n metre in

the middle. Prove that the tension at the

ends is approximately 
2a 7n

W
8n 6

 
  

 
.

(b) efoKeeFÙes efkeâ efkeâmeer kesâefšvejer kesâ efkeâmeer efyevog hej Øeefle

FkeâeF& uecyeeF& keâer mebnefle Gme efyevog kesâ Je›eâlee ef$epÙee keâer

meceevegheeleer nw~

Show that the mass per unit length at any

point in a catenary of uniform strength varies

as the corresponding radius of curvature.

(c) meeceevÙe kewâšsvejer ceW efmeæ keâerefpeS :

(i) y2 = c2 + s2

(ii) X = c log (sec  + tan )

Prove that, for a common catenary :

(i) y2 = c2 + s2

(ii) X = c log (sec  + tan )
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FkeâeF&—II / UNIT-II

Q. 2. (a) efkeâmeer efoS ieS yeue efvekeâeÙe kesâ kesâvõerÙe De#e keâe

meceerkeâjCe %eele keâerefpeS~

Find the equation of central axis for a given

system of forces.

(b) P heefjceeCe keâe Skeâ yeue X-De#e hej leLee nP heefjceeCe

keâe Skeâ DevÙe yeue yesueve x2 + y2 = a2 kesâ Skeâ pevekeâ

jsKee hej ef›eâÙee keâjlee nw~ efoKeeFÙes efkeâ Fme efvekeâeÙe keâe

kesâvõerÙe De#e yesueve n2(nx – z)2 + (1 + n2)2 y2 =

n4a2 hej heÌ[siee~

A force P acts along the axis of x and

another force nP along a generator of the

cylinder x2 + y2 = a2, show that the central

axis lies on the cylinder n2(nx – z)2 + (1 +

n2)2 y2 = n4a2.

(c) MetvÙe jsKeeDeeW, MetvÙe efJe#eshe eEyeogDeeW, MetvÙe DeeIetCe&

meceleueeW keâer heefjYee<ee efueKees leLee Jen ØeefleyebOe %eele keâjes

efkeâ mejue jsKee 
  

 
x f y g z h

m n
 yeueeW kesâ efvekeâeÙe

(X, Y, Z, L, M, N) kesâ efueS Skeâ MetvÙe jsKee nes mekeâleer

nw~

Define Null lines, Null points, Null planes and

find the condition that straight line

  
 

x f y g z h

m n
 is a null line for the

system of forces (X, Y, Z, L, M, N).

FkeâeF&—III / UNIT-III

Q. 3. (a) efmeæ keâerefpeS efkeâ mejue DeeJele& ieefle mes ieefleceeve efkeâmeer

›eâÙe kesâ efueS Gmekesâ cenlJe efJemLeeefhele efmLele mes DeeÙeece

kesâ DeeOeer otjer lekeâ Deeves ceW ueiee meceÙe Gmekesâ DeeJele&keâeue

keâe Ú"JeeB Yeeie nw~

Show that the particle executing simple

harmonic motion requires one-sixth of its

period to move from the position of

maximum displacement to one in which the

displacement is half the amplitude.
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(5) (6)

(b) Skeâ keâCe DeÛej Jesie v mes Skeâ a ef$epÙee kesâ Je=òe hej

ieefleceeve nw~ efoKeeFÙes efkeâ Gmekesâ ef$epÙe SJeb DevegØemLe

lJejCe ›eâceMe: 
2v

cos
a

   leLee 
2v

sin
a

   neWies

peyeefkeâ Je=òe keâe Skeâ JÙeeme Deeefo jsKee leLee Fmekeâe Skeâ

efmeje OeÇgJe nw~

A point describes a circle of radius a with

uniform speed v show that the radial and

transverse acceleration are 
2v

cos
a

   and

2v
sin

a
  , if a diameter is taken as initial line

and one end of this diameter as pole.

(c) efmeæ keâerefpeS efkeâ Øe#eshÙe heLe Skeâ hejJeueÙe neslee nw~

Prove that the path of a projectile is a

parabola.

FkeâeF&—IV / UNIT-IV

Q. 4. (a) Skeâ keâCe DeÛej Jesie v mes Je=òepe S = 4a sin  kesâ

ieefleceeve nw~ Gmekesâ efkeâmeer efyevog hej Gmekesâ lJejCe %eele

keâerefpeS~

A point describes a cycloid, S = 4a sin with

uniform speed v, find its acceleration at any

point.

(b) Ùeefo kesâvõerÙe yeue 5r


 nw Deewj oesveeW mleefyOekeâeDeeW hej Jesie

V1 Deewj V2 nw~ leye efmeæ keâerefpeS efkeâ 
4

2 2
1 2

2h
V V 



peneB VP = h.

If the central force is 5r


, prove that the

velocities at the two apsidal distances satisfy

the relation 
4

2 2
1 2

2h
V V 


 where VP = h.
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(c) keâesF& Yeejer keâCe Skeâ GOJee&Oej efÛekeâves Je›eâ hej ieceve keâjs

lees Gmekesâ ieefle keâer efJeJesÛevee keâerefpeS~

Discuss the motion of a heavy particle

moving on a smooth vertical curve.

FkeâeF&—V / UNIT-V

Q. 5. (a) Ùeefo keâesF& keâCe Je›eâ au tan h
2

 
  

 
 hej ieefleceeve

nw leye Gme hej ueieves Jeeuee yeue %eele keâerefpeS~

Find the force to the pole when a particle

describes the curve au tan h
2

 
  

 
.

(b) Skeâ keâCe Je=òe r 2a cos   hej Fme Øekeâej ieefleceeve nw

efkeâ Gmekeâe cetueefyevog keâer Deesj lJejCe meowJe MetvÙe nw~ efmeæ

keâerefpeS efkeâ 
2

2
2

d
2cot .

dt


   

A particle move along a circle r = 2a cos 

in such a way that its acceleration towards

the origin is always zero, prove that :

2
2

2

d
2cot .

dt


   

J-207 100J-207 P.T.O.

(8)

(c) Ùeefo keâesF& keâCe GOJee&Oejle: ieg®lJe kesâ Devleie&le Skeâ

DeJejesOeer ceeOÙece efpemekeâe DeJejesOe Jesie kesâ Jeie& kesâ

Deveg›eâceevegheeleer nw, ceW Thej keâer Deesj HeWâkeâe peelee nw, lees

keâCe kesâ ieefle keâer efJeJesÛevee keâerefpeS~

A particle is projected upwards under gravity

in a resisting medium whose resistance

varies as the square of velocity, find the

motion.

——
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JN-207
B.Sc. (Part-II) (New Course)

Examination, 2021
MATHEMATICS

Paper - III

(Mechanics)

Time Allowed : Three Hours

Maximum Marks : 50

Minimum Pass Marks : 17

veesš : ØelÙeskeâ FkeâeF& mes oes Yeeie keâjvee DeefveJeeÙe& nw~ ØelÙeskeâ ØeMve kesâ

Debkeâ meceeve nQ~

Note : Two parts from each unit are compulsory. Each

question carry equal marks.

FkeâeF&—I / UNIT-I

Q. 1. (a) x = 0, y = 0 leLee 3x + 4y = 5 meceerkeâjCeeW mes

efve™efhele ef$eYegpe keâer YegpeeDeeW kesâ DevegefoMe ›eâceMe: yeue p,

2p, 3p ef›eâÙee keâjles nQ~ heefjCeeceer yeue keâe heefjceeCe

leLee Gmekeâer ef›eâÙee jsKee keâe meceerkeâjCe %eele keâerefpeS~

Forces p, 2p, 3p act along the sides of a

triangle formed by the lines : x = 0, y = 0 and

3x + 4y = 5. Find the magnitude of the

resultant and the equation of its line of action.

(b) Skeâ meceebie [esjer, efpemekeâer uecyeeF&  nw, kesâ efmejeW keâes Skeâ

ner #eweflepe Oejeleue cebs efmLele oes efyevogDeeW A leLee B mes

yeebOe keâj ueškeâe efoÙee peelee nw~ Ùeefo A hej leveeJe [esjer

kesâ efvecvelece efyevog hej leveeJe keâe oesiegvee nes leye efoKeeFS

efkeâ efJemle=efle :

 1
AB log 2 3

3
 
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A uniform chain of length , is suspended

from two points A, B in the same horizontal

line. If the tension at A is twice that at the

lowest point, show that the span AB is :

 1
AB log 2 3

3
 

(c) h TBÛeeF& leLee  DeOe&Meer<e& keâesCe Jeeues Skeâ "esme Mebkegâ keâes

Fmekesâ DeeOeej keâes Skeâ efÛekeâveer GOJee&Oej oerJeej mes

efškeâekeâj leLee Fmekesâ Meer<e& keâes Skeâ [esjer kesâ Skeâ efmejs

mes yeebOekeâj [esjer kesâ otmejs efmejs keâes oerJeej ceW Skeâ efyevog

mes yeebOe efoÙee peelee nw~ efmeæ keâerefpeS efkeâ Mebkegâ keâer

meecÙe-DeJemLee kesâ efueS [esjer keâer cenòece mecYeJe uecyeeF&

216
h 1 tan

9
   nesieer~

A solid cone, of height h and semi vertical

angle , is placed with its base against a

smooth vertical wall and is supported by a

string attached to its vertex and to a point in

the wall. Show that the greatest possible

length of the string is 
216

h 1 tan
9

  .

FkeâeF&—II / UNIT-II

Q. 2. (a) oes yejeyej yeue R Skeâ Ieve hej efpemekeâe kesâvõ efmLej nw

Deewj Gmekeâer keâesj 2a nw, Deemevve HeâuekeâeW kesâ efJekeâCeeX kesâ

DevegefoMe ef›eâÙee keâjles nQ pees veneR efceueles nQ oMee&FS efkeâ

Ieve keâes efJejece ceW jKeves Jeeues yeueÙegice keâe DeeIetCe& yeue

keâer efoMeeDeeW kesâ Devegmeej Ùee lees Ra 3  Ùee Ra nw~
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(5) (6)

Two equal forces R act on a cube, whose

centre is fixed and whose edge is 2a, along

diagonals of adjacent faces which do not

meet. Show that the moment of the couple

which will keep the cube at rest is either

Ra 3  or Ra according to the direction of

forces.

(b) Yegpee a kesâ Skeâ Ieve kesâ efJehejerle HeâuekeâeW kesâ uecye™he oes

efJekeâCeeX kesâ DevegefoMe yejeyej yeue ef›eâÙee keâjles nQ~ oMee&FS

efkeâ Jes Ieve kesâ kesâvõ mes neskeâj peeves Jeeueer Skeâ jsKee kesâ

DevegefoMe ef›eâÙeeMeerue Skeâ Skeâue yeue Deewj Gmeer jsKee keâes De#e

kesâ ™he ceW jKeves Jeeues Skeâ yeueÙegice 
1

aR
2

 kesâ leguÙe nw~

Equal forces act along two perpendicular

diagonals of opposite faces of a cube of side

a. Show that they are equivalent to a single

force R acting along a line through the centre

of the cube and a couple 
1

aR
2

 which the

same line for axis.

(c) oMee&FS efkeâ, JÙeehekeâ ™he ceW oes yeue efvekeâeÙe mebÙegiceer

jsKeeDeeW keâe kesâJeue Skeâ ner peesÌ[e GYeÙeefve‰ jKeles nQ~



(7)

Show that in general two systems of forces

have only one pair of conjugate lines in

common.

FkeâeF&—III / UNIT-III

Q. 3. (a) mejue DeeJele& ieefle keâjles ngS keâCe kesâ efueS oMee&Dees efkeâ

cenòece efJemLeeheve keâer efmLeefle mes Gme efmLeefle lekeâ peye

efJemLeeheve DeeÙeece keâe DeeOee nw ieefle keâjves ceW efueÙee ieÙee

meceÙe DeeJele&keâeue keâe 1/6JeeB iegCee nw~

Show that the particle executing S.H.M.

requires 1/6th of its period tomove from the

position of maximum displacement to one in

which the displacement in half the amplitude.

JN-207JN-207 P.T.O.

(8)

(b) Øeeke=âeflekeâ uecyeeF& a leLee ØelÙeemLelee ceeheebkeâ  keâer Skeâ

nukeâer ØelÙeemLe [esj Skeâ efmejs mes ueškeâeF& peeleer nw Deewj

otmejs efmejs hej Yeej mg keâe Skeâ keâCe yeBOee nw~ oMee&Dees

efkeâ Skeâ Deuhe GOJee&Oej oesueve hej DeeJele&keâeue 
am

2


nw~

A light elastic string of natural length a and

modulus of elasticity is suspended by one

end, to the other end is tied a particle of

weight mg. Show that the time of a small

vertical oscillation is 
am

2


.
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(c) Ùeefo keâesF& ceveg<Ùe Skeâ helLej 80 ceeršj keâer otjer lekeâ HeWâkeâ

mekesâ lees %eele keâerefpeS efkeâ helLej efkeâleves meceÙe lekeâ nJee

ceW jne, leLee efkeâleveer TBÛeeF& lekeâ G"e~

If a man can throw a stone 80 meters, how

long is it in the air and to what height does it

rise ?

FkeâeF&—IV / UNIT-IV

Q. 4. (a) Skeâ keâCe, efpeme hej keâesF& ØeeflejesOe veneR ueiee nw yengle

otj mes he=LJeer kesâ he=‰ hej efiej jne nw, oMee&Dees efkeâ Ùen

Jesie 2ga  Øeehle keâjsiee, peyeefkeâ a he=LJeer keâer ef$epÙee nw~

Show that an unresisted particle falling to the

earths surface from a great distance would

acquire a velocity 2ga  where a is Earth's

radius.

(b) efmeæ keâerefpeS efkeâ Skeâ Je›eâ ceW Skeâ meceeve Ûeeue mes

ieefleceeve Skeâ efyevog keâe lJejCe 2 nw~

Prove that the accelaration of a point moving

in a curve with uniform speed is 2.

(c) ceeuee keâe Skeâ Úesše oevee Skeâ efÛekeâves Je=òeekeâej leej kesâ

Devegcele Skeâ yeue pees heefjefOe hej efmLele yeue kesâ kesâvõ mes

otjer kesâ heeBÛeJeer Ieele kesâ JÙegl›eâceevegheeleer nw, keâer ef›eâÙee kesâ
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Devleie&le efkeâmeer Yeer Jesie mes Øe#esefhele efkeâÙee peelee nw efmeæ

keâjes efkeâ leej hej oJeeye DeÛej nw~

A small bead is projected with any velocity

along a smooth circular wire under the action

of a force varying inversely as the fifth power

of the distance from a centre of force

situated on the circumference. Prove that the

pressure on the wire is constant.

FkeâeF&—V / UNIT-V

Q. 5. (a) Ùeefo GOJee&Oej Thej keâer Deesj, Ssmes ceeOÙece ceW efpemeceW

ØeeflejesOeer yeue Jesie kesâ Jeie& kesâ meceevegheeleer nw Øe#esefhele Skeâ

efheC[ keâe Øe#eshe Jesie U leLee Deefvlece Jesie V nes leye efmeæ

keâerefpeS efkeâ Fmes cenòece TBÛeeF& Øeehle keâjves ceW ueiee meceÙe

1V U
tan

g V
  
 
 

 nesiee~

A particle is projected upward in a medium

whose resistance is proportional to the

square of the velocity, the velocity of the

projection is U and the final velocity is V, then

prove that the time taken is attained the

greatest height is 
1V U

tan
g V

  
 
 

.
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(b) Skeâ keâCe Skeâ kesâvõerÙe lJejCe P kesâ Devleie&le Skeâ ceeOÙece,

efpemekeâe DeJejesOe k (Jesie)2 nw, ceW ieefle keâjlee nw~ oMee&FS

efkeâ Fmekesâ heLe keâe meceerkeâjCe nw :

2
2ks

2 2 2

d u P
u e

d h u
 



peneB s Ûeehe keâer uecyeeF& Deewj yeue kesâ kesâvõ kesâ meehes#e

ØeejefcYekeâ mebJesie keâe DeeIetCe& (keâesCeerÙe mebJesie) h nQ~

A particle moves with a central acceleration

P in a medium of which the resistance is k

(velocity)2, show that the equation to its path

is :

2
2ks

2 2 2

d u P
u e

d h u
 



where s is the length of the arc described

and h is the initial moment of momentum

about the centre of force.

(c) efiejleer ngF& Je<ee& keâe yetBo keâer ef$epÙee, Jee<he kesâ peceves kesâ

keâejCe Skeâ meceeve™he mes yeÌ{leer nw, Ùeefo Fmekeâes Skeâ

#eweflepe Jesie os efoÙee peeS lees oMee&Dees efkeâ Ùen Skeâ

DeeflehejJeueÙe efpemekeâe Skeâ DevevlemheMeea GOJee&Oej nw

yeveeSieer~

A falling raindrop has its radius uniformly

increased by access of moisture. If it have

given to it a horizontal velocity, show that it
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will then describe a hyperbola, one of whose

asymptotes is vertical.

——
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