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BACHELOR OF SCIENCE (B.Sc.)
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BPHE-101/PHE-01/PHE-02 : ELEMENTARY

Time : 1% hours

MECHANICS

Maximum Marks

.25

Note :

Attempt all questions. The marks for each question are
indicated against it. Symbols have their usual meaning.

1.  Attempt any two parts :

(a)
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State impulse momentum theorem. A
batsman hits a cricket ball of mass 120 g
with a speed of 40 ms™l. The fielder stops
the ball and the ball comes to rest in his
hands in 103s. Calculate the average force
exerted by the fielder’s hands on the ball.
Using the work-energy theorem , calculate
the work done on the ball by this average

force. 1+3+2

A girl of mass 60 kg rides a bicycle of mass 2+4

20 kg at a steady speed of 5ms™!. What

power does she have to supply to maintain

this speed if she is travelling on

(i) on alevel ground, and

(i) going up anincline of 30° ? Itis given
that the force of friction is 30 N in each
case. Take g=9.8ms™.

P.T.O.



2.

A ball of mass 1.0kg is moving in a circle of
radius 1.0m. Calculate its acceleration if it
moves with a constant angular speed of
2.0 rads™!. Suppose the ball starts from rest
and moves with a constant angular
acceleration of 0.02 rads?. What is the net
force on the ball 60 s after it starts moving
from rest ?

A frictionless bead of mass m slides down a
vertical helix of radius R such that its
position vector at time t is given by

—

A A 1 2/\
r(t) = a(coswti + sinwt j)— Egt k

Calculate the velocity, angular momentum

1+5

and torque experienced by the bead. 1+3+2

Attempt any one part :

(a)

(b)

Derive the law of equal areas for motion

under central forces.

Consider the motion of a system of two
particles of masses m; and m, under the
action of mutual force of gravitation
between them. Define the centre of mass
and relative coordinates for the system.
Obtain the equation of motion of the centre
of mass of the system.
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3 (@)
(b)
3. (3
(b)

Suppose a star of mass 1.0x10% kg and 3+2
radius 10° km contracts into a neutron star

of radius 10 km. What would its time period

of rotation be if the time period of the
original star is 20 days ? What is the kinetic
energy of rotation of the neutron star ?
Determine the force on a child of mass min 2+1

the frame of a lift moving upwards with

acceleration a . Draw the free body

diagram.
OR

Two particles of mass 4 kg each are
connected by a light rope of length 2m. The
particles are isolated and orbit their centre

of mass at a speed of 2ms~!. Suppose the

rope is somehow shortened to a length 1m.
Calculate the initial and final angular
momenta of the system. What is the final
speed of the particles ? 2+1+2
A ball of mass 1 kg travels at a speed of 3

Tms !

in the northern hemisphere at
latitude 30° N. Determine the magnitude of
the coriolis force on the ball in the earth’s

rotating frame.
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1. Eﬁls‘a?wmaﬁ
(a) STAT-TA THI HFIHAAS | Toh Fooias §AAM
120 g 1 T& e &1 i &1 40 ms™! &t =T
Y URa &1 wies e Y Javar § 3R e 3wF
Tl § 1035 ¥ faummaeen # o Wt ®1 WieeX
F gredf g g IR T 7 SEd o Y Hi |
F-Fel JHY HT GAM W, 39 A9 99 gW
g W e T w9 Y 1+3+2
(b) FEHUN 60 kg T Ueh ol 20 kg WA &1 Tk 2+4
| qrsfere &1 5ms ! T ST A W Tl &1 3H
=Tel ! 9, @R & foe 39 feat wifed o
RHUISEICTE
() T9aE gfn | =@ @A, R
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(i) 30° TAM ATl 70 T T HW & AR FA
w81 ? T g fon el fearfaal € 30 N w1
YO S A1 81 g =9.8ms2 o |

(c) oM 1.0kg ! TH 18 BRAl 1.0m aA g H  1+5
fqam §1 A 98 2.0 rads! &1 = S0{
o ¥ I F @ T, T IEh @O HT A
F TH o o i foqmmaten @ Fe 1 3% &l
¥ @l 0.02 rads2 & =R HIUNF @1 G Tfd
F ¥ TaTmTEEen @ = I w9 F 60 s
G g T & @A 9 F:1E 7

(d) A m w1 TH FHUREH AR R R T
SR Fefal T Iddl § SR 904 t T ITH
feafa afem gar & 1+3+2

—

A A 1 A
r(t) = a(coswti + sinwt j) — -z—gt k
HAk o o7 S I HAT 91 39 W @ @
el ST ST 0T Y|

2. hIE Weh 9 &Y

(a) HEE Tl & qHA Al F faU wEE fEwa 5
e et i
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(b)

(b)
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A o9 A W IREIRE TRy 9 &
Y A Y FHO 1w o fogd w0 F
Wﬂﬂm]i‘ﬁ?mZ%I e & dafa &g ot
amifers fidwist &1 ufnfed w31 e &
Hefd g 1 T 1 FHRTT yTd 61|

AH o 6 g&mE 1.0x 1030 kg %1 T qw@
St 5591 106 km B, e 2 10 km a1
AT =LA AR S 2 | AfS &t a1 1 ol
1 31ed shiet 20 T3 &, dt =i AR 1 Foi =0
SIECEEACIE I P cic B e v i
st St 91 8 2

@ @ ¥ SR & AR TfaaE foe o gemm

m & & 9 W AT @ 9 W HL | oel-
frdere s @i |

q1
<l o1 S | g&e # U 4 kg €, 2 m
AATE H TH Tooh! & A 92 1 HON
e faafim 1 A %0 oo wafa o =1
2ms~ 1T 916 | W s W E 1 °H o
WWT@ﬁW@Wle@W%I
fHerm & yRfye @R sifqm #iviig wan yra

2+3

3+2

2+1

FL| HON i ATaH =T 9T B2 2+1+2
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(b) TN 1 kg &1 TF 712 1ms ~ ! &1 =1l | I
T 30° N & A&7 W AdHE §1 g+
ot § H 78 TR T W@ HINAAH ae 1 9Am
e |
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BPHE-101/PHE-01/PHE-02 : OSCILLATIONS AND

Time : 1% hours Maximum Marks :

WAVES

25

Note :

neanings.

Attempt all questions. The marks for each question are
indicated against it. Log-tables or non-programmable
calculators may be used. Symbols have their usual

1.  Attempt any five parts :

(@)

A 4kg block stretches a spring by 16cm from
its unstretched position. The block is
removed, and a 5kg body is hung from the
same spring. If the spring is then stretched
and released, calculate its period of

oscillation.

A particle moves in a circular path due to
superposition of two  mutually

perpendicular oscillations given by :
x=a coswt
and )
y=a sinwt
Show that the particle moves with uniform
speed.

5x3=15
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(¢) A particle is simultaneously subjected to two
simple harmonic motions in the same
direction, each of amplitude 0.4m and

frequency 5Hz. The initial phases are zero

and % respectively. Calculate the

amplitude and phase of the resultant

oscillation.

(d)  The transverse displacement of a string fixed
at both ends is given by :

2mx
3

y=0.06 sin { ) cos (1201rt)

where x and y are in metre and t in second.
The length of the string is 1.5m and its mass
per unit length is 2.0x10~2kgm ™1,
Calculate the tension in the string.

(e) A pipe of length 20 cm is open at both ends.
Which harmonic mode of the pipe is in
resonance with a source of frequency
1700Hz ? Speed of sound =340ms~!.

(f)  The quality factor of weakly damped
oscillator of frequency 500Hz is 2000.
Calculate the time in which its energy

becomes 10% of the initial value.
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(8)

()

An ambulance blowing a siren of frequency
700Hz is travelling towards a vertical
reflecting wall with a speed of 2ms™ 1.
Calculate the number of beats heard in one
second by the driver of the ambulance.
Speed of sound is 340 ms ™ .

The phase velocity v of a wave in a certain

medium is given by :

b
v a N

where A is the wavelength and a and b are

constants. Show that the group velocity is

b
equal to phase velocity if A= \/;

2. Answer any two parts :

(a)

(b)

What is a compound pendulum ? Derive

the expression for the time period of a
compound pendulum. What is meant by
equivalent length of such a pendulum ? 1,3,1
The velocity of a weekly damped forced 4,1
oscillator in the steady state is given by :

E, w
v= o

2!

2
m (w%——wz) + 4 b7 o?

where the symbols have their usual

meanings. Derive the expression for the

BPHE-101/PHE-01/PHE-02 11 P.T.O.



power absorbed in one cycle. Show that
the power absorbed is maximum at

resonance.

(c)  Derive the expression for the velocity of
transverse waves on a stretched string.
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Fe:  qHt g F g Tv & 7% I9F GEA 69 T &
7T GT-GRIT S1ET $eFeieX BT YA F qHhd &
gt & o9 G Y &1 o

1. fm%'fv?awﬁésmfaﬁ: 5x3=15

() dkg ¥ TH R TF FACH F I9F S
F‘Iﬁl’é'@l&mﬁﬁﬂm%l wmﬁrﬁﬁg
1 TTH TF 5 kg 1 fiE T W g1 A
FAM #) affa &1 og faar g @ 9
Cicreac it

(b) frefofad < TR daad Qe & AR
¥ ForaEY TH S I 99 & e T
FEAT

x=a coswt
R

y=a sinwt

frg i foF o1 THATA e Q THF HA 2 |
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(c) Tordl ol T U WY < W@ WA ad afad
AR #1 S B TAF W ArEd T
AW 0.4m q91 g 5Hz 1 39 Sl i

ARIYF FHed FHH: T 99 %%l afyoret
TIeT 1 AT T Hell THeRfad 61 |

(d)y TA R R ag R F Tqwey fazamd &1
W%

X
3 | cos (1207rt)

2
y=0.06 sin [

el x Al y WX H a1 t Fhe H €1 arR
AT 1.5m ¢ 991 3HF WA 5T e geaHT
w1 A 2.0x10 " 2%kgm ™~ §1 TR H o=
feRfad &1

(e) TF 20 cm el Tl AT fFAR W Gt 2
1700 Hz 3T9gd arel Siid & T TA! i shid d1
garEt faur sgAg w2 waft &
Tl = 340ms ~ 1.

(f) g 500Hz 9t T gaad: yaHfed Sifer
=T T[UTT S 2000 % | FHE 1 o8 HH qienfod
¢ foed 30 Afes =t o= &1 9m, Ay
AT =1 10 Ffavd @ ST |
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(g) T TEeT fowd 9 #1 e 700Hz §
Wewfmwmﬁaﬂaﬂaﬁaﬁtzms"lwﬁ
T R W@ 7 URed & a9resd gRl g S
o gfd e fawdidl &t " uiiswfad &
w7 F =1 340 ms ! Bl

(h) & a0 1 fordl mvead § et o 991 g 9
frefa am e

” b

vc=a }\+X
el A aOTeed e a S b feeriw ¥ 1 fog =Y
o T 1 WHE AT, IHF FAT I F IR T

2. Tl <t vl & s g -
(a) ficdes w1 e? fie dies & sader
& foTu = Feq & | UH diaa &l qedehtal]

TS | ATY AT HHA € 7 1,31
(b) TRl srEEen H geerd: sTgHicd wolifed dras 4, 1
& A FH A €
F, @
V= : %
m (m%—w2 )‘-+ 4 b° m2]|/2
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Sl W F AT g Ad ¥ 1w aw o
eI AR & e = ofem %31 fag
& T SR W Sraviifoa wifsr &1 9 sifersman
BT

(c) fordl af7d aR W Fafta arques @@ & a7 %
o =steh =g 1)
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