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Q.1/ Express the vector 4 = 2i — 4j + 6k in terms of the triad i’,j’, k' for rotation of the
coordinate system about the x-axis through an angle 60°. Show that the magnitude of
the vector 4 is unchanged after the rotation. [15 Mawks]

Q.2 [7+8 Mawks]
(a) For a particle moving in a circular path of radius 2m with a velocity function
v=2t’m/s. What is the magnitude of its total accelerationatt=1s ?

(b) What are the position vector, velocity and acceleration in polar coordinates?.

Q.3/ For harmonic oscillator system with: F(x) = —kx : [15 Mowks]
(i) What is the solution of the system?
(i) What are the potential energy, total energy and kinetic energy for a system?
(i) Plot the graph of the energies of (ii) as a functions of time t and position x.

Q4/ [9+6 Mawrks]
(A) A block is projected with initial velocity v, on a smooth horizontal plane, but that
there is air resistance proportional to v : F(v) = — cv, where ¢ is constant. Find: v(t) ,

x(t) and v(x).
(B) Choose the correct answer:

() What is the magnitude of the free-fall acceleration at a point that is a distance 2R, above the
surface of the Earth, where R. is the radius of the Earth:
(9.8m/s’, 4.9m/s2, 2.45m/s’, 1.09 m/s’, None of them )
(i) For an object falling from rest with linear drag. At what time the speed of the article is at
99.3% of terminal speed? (t=3r, t=4r, t=5z, t=107, Noneof them)

(i) What is the natural frequency for damping harmonic oscillator when the damping constant

1) 3 15
_ ) @ ,—, o.—, o.— , Noneof them
(B=w.12)" (o, , \/; ,/16 )
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Ans. of Q.1:
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Ans. of Q.2:

(a) magnitude of total acceleration

. VP
VF+—nN
R

Q)

(b)

Velocity in Polar Coordinates

dr
) 7"

The instantaneous velocity is defined as:

66

Thus. the velocity vector has two components:

V=V, +V,=v Fi+v,0 =rf+rod

where . e
v, =F ...Radial component of velocity

v,=rf ... Transverse component of velocity

The speed of the particle at any given instant is the sum of the squares

of both components or:
2 2 %) 141
V=4V, v =AFT +rT8°

v=2t? =>Vv=4t = att=1s v=2m/s & Vv=4m/s?

4
42 +% =16 +4 =+/20=4.47m/ s

Acceleration in Polar Coordinates

The instantaneous acceleration is defined as: &g

& _d & _ded) ;e
a=—=—(ﬁ3+rééj=i‘f+f—r+£6+ré 7
dr dr \ds/

dr dr
After manipulation, the acceleration canbe e»

G=a,+a,=ar+a6 =(F—ré)r+(r8+2:6)8

where a, =7 —7 8" Radial acceleration

a, = ré + 278 - Transverse acceleration

Acvcleration

r = constant (i.e. stone on a string): A=—18% 2786 = —ro¥ < rab
Here, g, = —r@’=—v" /v is the centripetal acceleration and a;=ra
is any angular acceleration.

When r is not constant, all terms are necessary.

In general, the magnitude of total acceleration is:

= a= @ =al —fF-r8 Y (62707  *
Ans. of Q.3:
Energy Consideration in SHM
d v _ - .
27 wa #EL:}E m_al solution foqm LS x=ef ;¥-+£x: 0 |x = x,, cos( @t + ¢) ”x =—x, @sin( ofr+¢) |
© X=ge" & X=g'e” m

Substituting into Eq.(1), we obtain:

[
g=t|-Z=tio
n

e*fﬂ & e*lﬁ}f
The general solution is a linear combination of them:
x=4," + A

0
" et

k
where @ = — is the angular frequency of the motion
m

(q:—ﬁ)e"":[} - 20 = - (q:—ﬁ):l}
m m

Thus, there are two solutions of Eq(1):

T, =T(x)+¥V(x)

dav(x) 1
F{-’i}=—T=-k T[.\']:T:—V(.\'_]::A’le—.\':}
x - 0.6
V(I)=I k‘rd‘r:ih" 05 [E”
0 2 0.4 Tix)
E=T =1kg TANCIVAN
2 [ i
105 0 05 1 1
-1 x 1

1.The potential energy

V=—J'F(x)arx=—j—,mx=%,hl
1. . 1. . . - g=0 E
V=six' =k cos™(af +¢) —_—
2 The kinetic energy A
I"=1;rm'r:=1;mm:x,lsm;(mr—a§) AAA‘
S R R
=;xxjsmi(m—¢) -
3. The total energy is

E=I"—V=Ltr‘ =lkf.{; =const.
2772 I




Ans. of Q.4:

(a)
. . o ‘ Determine the xin terms of £
Ex.9: A block is projected with initial velocity v, on a p o =
smooth horizontal plane, but that there is air resistance v=£=v,e"“:>dx=v,e"“a’x C i
proportional to v I F(v) = — cv, where ¢ is constant. Find: R | i
WY . x(t) and v(x). Frv) = —cv=ma — a=kv (k=c/m) = [dx=[vear o
o o f
Determine the velocity in terms of £ x:_ﬁ[ i :ﬂ[l— o]
k ok
dv v
a e —hv= P —kat " Determine the vin terms of x.
% dv | _dvae_ A
= —TZ—kJ.df ‘. . IR
v v [ \'“‘*H__H_H v S
— = [dv=—k|dx | —
Vv - b =
In| — |=—k=v=ve % ¢
Vi v=v,—kx
£ | vevig=dwat | —| x=xp | =»

(B) Choose the correct answer:

(i) What is the magnitude of the free-fall acceleration at a point that is a distance 2R, above the
surface of the Earth, where R. is the radius of the Earth:
(9.8 m/s’, 4.9m/s2, 2.45m/s’, 1.09 m/s’, None of them )
(i) For an object falling from rest with linear drag. At what time the speed of the article is at
99.3% of terminal speed? (t=3r, t=4r, t=57, t=107r, Noneof them)

(i) What is the natural frequency for damping harmonic oscillator when the damping constant

o 3 15
— ) @, —, 0. -, o.— , Noneof them
(B=w.12)" (o, » \/; ,/16 )



