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¹þãq ß h½»þ '¡' tçÞ Ày ¡âmviåÙàÊã ZàÎÂà ÑèA, âkÂÑçÞ Ñv §ýÊÂàà ¡âÂàwàuê Ñè ñ h½»þ 'r' tçÞ viåÙàÊã

ZàÎÂà h½»þ 'y' tçÞ Àãiê £ÙàÊãu ZàÎÂà ÑèÞ ñ h½»þ '¡' §ýàç yryç qÑvç Ñv §ýÊçÞ ñ
Note: Section 'A' , containing 10 very short answer type questions, is

compulsory. Section 'B' consists of short answer type  questions and

Section 'C' consists of long answer type  questions. Section 'A' has to be

solved first.

h½»þ-'¡'h½»þ-'¡'h½»þ-'¡'h½»þ-'¡'h½»þ-'¡'(Section-'A')

âÂàÈÂàà Þ â§ým ¡âm viä£ÙàÊãu ZàÎÂàà ç Þ  § çý £ÙàÊ Àãâk¥ ñâÂàÈÂàà Þ â§ým ¡âm viä£ÙàÊãu ZàÎÂàà ç Þ  § çý £ÙàÊ Àãâk¥ ñâÂàÈÂàà Þ â§ým ¡âm viä£ÙàÊãu ZàÎÂàà ç Þ  § çý £ÙàÊ Àãâk¥ ñâÂàÈÂàà Þ â§ým ¡âm viä£ÙàÊãu ZàÎÂàà ç Þ  § çý £ÙàÊ Àãâk¥ ñâÂàÈÂàà Þ â§ým ¡âm viä£ÙàÊãu ZàÎÂàà ç Þ  § çý £ÙàÊ Àãâk¥ ñ          (((((Answer the

following very short-answer-type questions)              (1       (1       (1       (1       (1x10=10)10=10)10=10)10=10)10=10)

ZàÎÂà-1. §ýOÌqm §ýàuê â§ýyç §ýÑmç Ñè?

What is virtual work?

ZàÎÂà-2. yàtàÂu §èýâ¹þÂàÊã §ýà §ýàmJu ytã§ýÊ½à âvâh¥ ñ

Write Cartesian equation of the common catenary.

ZàÎÂà-3. §çýÂôãu ¡Õà §ýàç qáÊsàâxm §ýLâk¥ ñ

Define central axis.

ZàÎÂà-4. ÎàåÂu Êçhà¥Ý â§ýyç §ýÑmç Ñè?

What are null lines?

ZàÎÂà-5. ÑB§ý §ýà âÂàut âvâh¥ ñ

Write Hooke's Law.
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ZàÎÂà-6. ZàÕàçÃu §ýà £VþuÂà §ýàv â§ýyç §ýÑmç Ñè?

What is the time of flight for projectile?

ZàÎÂà-7. ¤ýkàê yÞÊÕà½à §ýà ây÷àÞm âvâh¥ ñ

Write the principle of conservation of energy.

ZàÎÂà-8. ÊâmÂàãj mnà Êâm¤Ýýj ârÂÀä â§ýyç §ýÑmç Ñè?

What is Perihelion and Aphelion?

ZàÎÂà-9. yãtàÂm wçªà â§ýyç §ýÑmç Ñè?

What is Terminal velocity?

ZàÎÂà-10.rçvÂàãu âÂàÀFÎààÞ§ý §çý qÀàçÞ tçÞ â§ýyã §ý½à §ýà ¾wÊ½à rmà¢¥ ñ

Write the acceleration of a particle in terms of cylindrical co-ordinates.

h½»þ-'r'h½»þ-'r'h½»þ-'r'h½»þ-'r'h½»þ-'r'(Section-'B')

âÂ àÈÂà à Þ â§ým viä £ÙàÊãu ZàÎÂàà ç Þ  § ç ý  £ÙàÊ Àãâk¥ ñâÂàÈÂà à Þ â§ým viä £ÙàÊãu ZàÎÂàà ç Þ  § ç ý  £ÙàÊ Àãâk¥ ñâÂàÈÂà à Þ â§ým viä £ÙàÊãu ZàÎÂàà ç Þ  § ç ý  £ÙàÊ Àãâk¥ ñâÂàÈÂà à Þ â§ým viä £ÙàÊãu ZàÎÂàà ç Þ  § ç ý  £ÙàÊ Àãâk¥ ñâÂàÈÂà à Þ â§ým viä £ÙàÊãu ZàÎÂàà ç Þ  § ç ý  £ÙàÊ Àãâk¥ ñ      (((((Answer the

following short-answer type questions)))))                                                        (3(3(3(3(3x5=15)5=15)5=15)5=15)5=15)

ZàÎÂà-1. ây÷ §ýÊàç â§ý uâÀ ¥§ý ârÂÀä qÊ â§íýuàÎàãv mãÂà rv yàÈuàwÐnà tçÞ Ñàç màç Zà¾uç§ý rv
¡Âu Ààç §çý rãj §çý §ýàç½à §ýL ³uà §çý ytàÂàäqàâm§ý Ñàçmà Ñè ñ

Prove that if three forces, acting at a point be in equilibrium then each

force is proportional to Sine of the angle between the other two.

OR

¥§ý ¹çþvãªàíàÄý màÊ 40 ªàk §ýL ÀåÊã qÊ OÐnm Ààç hÈsàçÞ yç v¹þ§ýàuà ªàuà Ñè ñ uâÀ làçv
1 Ääý¹þ Ñàç ¡àèÊ ZàâmÄäý¹þ màÊ §ýà sàÊ ¡àoà ¡àèÞy Ñàç, màç ÀÎààê¢uç â§ý Zà¾uç§ý hÈsç tçÞ

Õàèâmk qäv vªàsªà 
1

2
cwt  Ñè ñ

A telegraph wire is supported by two poles 40 yards apart. If the sag be

one foot and the weight of the wire per foot is half an ounce, show that

the horizontal pull on each pole is nearly 

1

2
cwt

.

A particle is describing a plane curve. If the tangential and normal

accelerations are each constant through the motion, prove that the angle

ψ

, through which the direction of motion turns in time 

t

 is given by

( )log 1A Btψ = +

OR

¥§ý §ý½à ¤ýÁwàêoÊ ytmv tçÞ ¥§ý âÀuç ÑB¥ ÛýÕà w§íý qÊ ªàäÛý¾w §çý ¡Þmªàêm Âàãjç §ýL ¡àçÊ
âhy§ýmà Ñè, ªàâm Öààm §ýLâk¥ ñ

A particle slides down a rough curve in a vertical plane under gravity,

discuss the motion.

ZàÎÂà-5. ¥§ý §ý½à V  wçªà yç ¥§ý âj§ýÂàç Õàèâmk ytmv qÊ ¥çyç tàÁut tçÞ ZàÕàçâqm â§ýuà kàmà

Ñè, âky§ýL Zàâm ¢§ýà¢ê yÞÑâm qÊ ZàâmÊàço 

k

(wçªà) Ñè ñ ÀÎààê¢uç â§ý 

t

 ytu §çý qÎjàmî
§ý½à §ýà wçªà 

v

 ¡àèÊ ¢y ytu tçÞ jvã ªà¢ê ÀåÊã 

s

 âÂàÈÂààÞâ§ým yç Àã kàmã Ñè ñ

kt
v Ve

−=
 uà ( )1 ktv

s e
k

−= −

A particle is projected with velocity V along a smooth horizontal plane in

a resisting medium whose resistance per unit mass is k (velocity). Show

that the velocity v after a time t and the distance travelled s in that time

are given by kt
v Ve

−=  and ( )1 ktv
s e

k

−= −

OR

oíäwãu âÂàÀFÎààÞ§ýàçÞ §çý qÀàçÞ tçÞ â§ýyã §ý½à §ýà ¾wÊ½à Öààm §ýLâk¥ ñ

Find the acceleration of a particle in terms of polar coordinates.

----x----
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ZàÎÂà-2. Yð¼þ âq½»þ §ýL yàÈuàwÐnà §çý Íuàq§ý ZàâmrÞo Öààm §ýLâk¥ ñ

Find the general condition of equilibrium of a rigid body.

OR

ÀÎààê¢uç â§ý â§ýyã sã rv-âÂà§ýàu §ýL ÎàåÂu Êçhà¡àçÞ tçÞ yç jàÊ â§ýyã ¡âmqÊwvu §çý
kÂà§ý Ñàçmç Ñè, Ààç kÂà§ýàçÞ §çý ¥§ý âÂà§ýàu §çý yÀÐu Ñàçmç Ñè ¡àèÊ Ààç ¡Âu âÂà§ýàu §çý ñ

Show that among the null lines of any system of forces four are

generators of any hyperboloid, two belonging to one system of

generators and two of the other system.

ZàÎÂà-3. ¥§ý yÊv Êçhà tçÞ yÊv ¡àwmê ªàâm §ýÊmç ÑB¥ ¥§ý ârÂÀä §çý wçªà 1v  mnà 

2v

 Ñè krâ§ý

¢y§ýL §çýÂô yç ÀåáÊuàÝ 

1x

 mnà 

2x

 Ñè ñ ÀÎààê¡àç â§ý ªàâm §ýL ¡àwÙàê§ýàv Ñè ß

2 2

1 2

2 2

2 1

2
x x

v v
π −

−

A point in a straight line with S.H.M. has velocities 1v and 2v  when its

distance from the centres are 

1x

 and 

2x

. Show that the period of

motion is :

2 2

1 2

2 2

2 1

2
x x

v v
π −

−

OR

¥§ý §ý½à ¥§ý ytàÂà §ýàçâ½à§ý yâqêv 

r ae
θ=

 qÊ ¢y Zà§ýàÊ ªàâmtàÂà Ñè â§ý ¢y§ýà
¾wÊ½à âØà³u ¾wÊ½à ÂàÑã Êhmà Ñè màç ây÷ §ýLâk¥ â§ý §ýàç½àãu wçªà ¡jÊ Ñè mnà wçªà §ýà
tàÂà mnà ¾wÊ½à r  §çý ytàÂàäqàmã Ñè ñ

A particle describes an equiangular spiral 

r ae
θ=

 in such a manner that

its acceleration has no radial component. Prove that its angular velocity

is constant and that magnitude of the velocity and acceleration is each

proportional to r .

ZàÎÂà-2. â§ýyã âÀuç ªàuç rv-âÂà§ýàu §çý §çýÂôãu ¡Õà §ýà ytã§ýÊ½à Öààm §ýLâk¥ ñ

Find the equation of the central axis of any given system of forces.

OR

ÀÎààê¢uç â§ý â§ýyã rvàçÞ §çý qáÊtà½à, kr ¥§ý rv âÂà§ýàu §ýàç kàç 

( ), , , , ,X Y Z L M N

õàÊà âÀuà ªàuà Ñè Ààç rÊàrÊ rvàçÞ yç Ñ¹þàmç Ñè, ¥§ý 

x −

¡Õà §çý ¡ÂàäâÀÎà â§íýuàÎàãv Ñè,
¥§ý ¡Âu rv §íýtÎàß

,
LX MY NZ

L

+ +

 

( ) ( )2 2 2 2
1

2
MY NZ L Y Z

L

 + + +
 

  Ñè ñ

Show that the magnitude of the forces are, when A system of forces

given by 

( ), , , , ,X Y Z L M N

 is replaced by two forces, on acting along

the axis of x and another force respectively.

,
LX MY NZ

L

+ +
 

( ) ( )2 2 2 2
1

2
MY NZ L Y Z

L

 + + +
 

ZàÎÂà-3. ây÷ §ýLâk¥ â§ý ZàÕàçÃu qn ¥§ý qÊwvu Ñàçmà Ñè ñ

Prove that the path of a projectile is a parabola.

OR

¥§ý §ý½à ¥§ý ytmv tçÞ ¥§ý ¾wÊ½à, kàç ytmv tçÞ yÀèw ¥§ý âÂàOÎjm ârÂÀä §ýL ¡àçÊ âÀ˜þ
Ñè, §çý ¡Âmªàêm ªàâm §ýÊmà Ñè ñ qn §ýà oíäwãu Ûýq tçÞ ¡w§ýv ytã§ýÊ½à Öààm §ýLâk¥ ñ

A particle moves in a plane with an acceleration which is always

directed to a fixed point in the plane; obtain the differential equation of its

path in polar form.

ZàÎÂà-4. ¥§ý §ý½à ¥§ý ytmv w§íý qÊ ªàâmtàÂà Ñè ñ uâÀ ÐqÎàê Êçhãu ¡àèÊ ¡âsvàOÈr§ý ¾wÊ½à
yÀèw ¡jÊ ÊÑmç Ñè, màç ây÷ §ýLâk¥ â§ý §ýàç½à 

ψ

 kàç ªàâm §ýL âÀÎàà ytu 

t

 tçÞ iåtmã

Ñè, ytã§ýÊ½à 

( )log 1A Btψ = +

 õàÊà âÂàoàêáÊm Ñàçmà Ñè ñ
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ZàÎÂà-4. uâÀ 1v  w 

2v

 ªàíÑ §çý Êèâh§ý wçªà Ñè krâ§ý uÑ yåuê yç §íýtÎàß âÂà§ý¹þmt w ÀåÊÐn Ñè,

ây÷ §ýLâk¥ â§ý 

( ) ( )1 21 1e v e v− = +

If 1v  and 

2v

 are the linear velocities of a planet when it is respectively

nearest and furthest from the sun, prove that 

( ) ( )1 21 1e v e v− = +

.

OR

ªàäÛý¾wà§ýxê½à §çý ¡Âmªàêm §ýàç¢ê §ý½à ¥§ý ¤ýÁwàêoÊ ytmv tçÞ âj§ýÂàç w§íý qÊ ªàtÂà §ýÊmà

Ñè ñ uâÀ t  ytu tçÞ jâvm jàq 

sinht

 §çý ytàÂàäqàâm§ý Ñè mr w§íý §ýà Ûýq Öààm
§ýLâk¥ ñ

A particle describes a smooth curve under gravity in a vertical plane. If

the arcual distance travelled in time t varies as 

sinht

. Find the shape of

the curve.

ZàÎÂà-5. ¥§ý §ý½à ¡à§ýàÎà tçÞ ¡jÊ ªàäÛý¾wà§ýxê½à §çý Zàsàw tçÞ ¥çyç tàÁut tçÞ ¤ýÁwàêoÊ Êçhà tçÞ
ªàâm §ýÊmà Ñè âky§çý ZàâmÊàçoã rv £y§çý wçªà §çý ytàÂàäqàâm§ý Ñè ñ §ý½à §ýL ªàâm §ýà
ytã§ýÊ½à Öààm §ýLâk¥ ñ

A particle falling under gravity (supposed constant) in a vertical line in a

medium whose resistance varies as the velocity. Find the equation of

motion of the particle.

OR

¥§ý §ý½à ¥§ý ¡wÊàçoã tàÁut tçÞ âÀuç ªàuç §çýÂôãu ¾wÊ½à 

P

 §çý ¡Âmªàêm ªàâm §ýÊmà Ñè ñ
§ý½à §ýà qn âÀuà Ñè ñ ÀÎààê¢uç â§ý ¡wÊàço Ñè ß

A particle moves in a resisting medium with a given central acceleration

P; the path of the particle being given, show that the resistance is  :

3

2

1

2

d dr
p P

p ds dp

 
−  

 

h½»þ-'y'h½»þ-'y'h½»þ-'y'h½»þ-'y'h½»þ-'y'(Section-'C')

âÂ àÈÂà à Þ â§ým Àãi ê £ÙàÊãu ZàÎÂàà ç Þ  § ç ý  £ÙàÊ Àãâk¥ ñâÂàÈÂà à Þ â§ým Àãi ê £ÙàÊãu ZàÎÂàà ç Þ  § ç ý  £ÙàÊ Àãâk¥ ñâÂàÈÂà à Þ â§ým Àãi ê £ÙàÊãu ZàÎÂàà ç Þ  § ç ý  £ÙàÊ Àãâk¥ ñâÂàÈÂà à Þ â§ým Àãi ê £ÙàÊãu ZàÎÂàà ç Þ  § ç ý  £ÙàÊ Àãâk¥ ñâÂàÈÂà à Þ â§ým Àãi ê £ÙàÊãu ZàÎÂàà ç Þ  § ç ý  £ÙàÊ Àãâk¥ ñ     (((((Answer the

following long-answer type questions)))))           (5(5(5(5(5x5=25)5=25)5=25)5=25)5=25)

ZàÎÂà-1. ¥§ý À½»þ, âky§ýà ªàäÛý¾w §çýÂô £yç 

a

 ¡àèÊ 

b

 Ààç sàªààçÞ tçÞ âwsàâkm §ýÊmà Ñè, ¥§ý

âj§ýÂàç ªààçvç §çý sãmÊ Êhã ÑB¢ê Ñè ñ ÀÎààê¢uç â§ý uâÀ yÞmäâvm ¡wÐnà tçÞ Õàèâmk yç
£y§ýà lä§ýàw 

θ

 Ñè ¡àèÊ ªààçvç §çý §çýÂô qÊ À½»þ 

2α

 §ýàç½à ¡ÂmáÊm §ýÊmã Ñè, màç

tan tan
b a

b a
θ α−=

+

A beam whose centre of gravity divides it into two portions a and b

placed inside a smooth sphere : Show that if θ  be its inclination to the

horizon in the position of equilibrium and 

2α

 be the angle subtended by

the beam at the centre of the sphere, then 

tan tan
b a

b a
θ α−=

+

.

OR

vÈrà¢ê a  §ýL ¥§ý »þàçÊã jàÊ ¥§ý ytàÂà ið»þàçÞ §çý ytjmäsäêk §çý ²þàç¹çþ âw§ý½àê §ýàç rÂààmã
Ñè, ytjmäsäêk §çý Zà¾uç§ý säkà §ýL vÈrà¢ê 

b

 ¡àèÊ sàÊ 

w

 Ñè, kàç rÞoç ÑB¥ ÑèA ñ uâÀ

ið»þàçÞ tçÞyç ¥§ý §ýàç Õàèâmk ¡wÐnà tçÞ ¹çþ§ý âÀuà ªàuà Ñàç, màç ây÷ §ýLâk¥ â§ý »þàçÊã tçÞ

mÂààw 

( )2 2

2 2

2 2

4

w b a

b b a

−

−

A string of length a forms the shorter diagonal of a number of four

uniform rods, each of length b and weight w which are hinged together.

If one of the rod be supported in a horizontal position, prove that the

tension in the string is 
( )2 2

2 2

2 2

4

w b a

b b a

−

−
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