[image: image1.png]Question 5 (Unit 5)

A uniform trapdoor of mass M and length 2L is smoothly hinged at a
point O. The end of the trapdoor is attached to a rope whose other end is
fixed at a point B vertically above O, as shown. The rope may be
‘modelled as a model string.

‘The trapdoor makes an angle 0 with the horizontal, and the rope makes
an angle o with the downwards vertical. The unit vectors i and j are
horizontal and vertical, respectively. The system is in equilibrium. Which
option correctly gives the tension force acting on the trapdoor due to the
Tope in terms of i, j and a?

Options

A T=[T|(cosai+si

aj)
C T=[T|(~cosai+sinaj)
E T=|[T|(cosai

G T=[T|(~cosai

T = |T|(sinai+cosaj)

T = |T|(~sinai+cosaj)

sinaj) T =|T|(sinai - cosaj)

Z"ow

sinaj) T = |T|(~sinai-cosaj)




[image: image2.png]Question 7 (Unit 6)

A toboggan of mass M is sliding down an icy slope inclined at an angle a
to the horizontal. In addition to its weight, the toboggan is subject to two
resistive forces R and F. The force R is due to air resistance, and F is due
to the friction between the runners and the ice. Model the toboggan as a
particle of mass M, and take the distance down the slope as measured

by .

Which option gives an equation of motion?

Options

A

Q@

Mi = Mgcosa — |F| - [R|
Mi = Mgsina — [F| - [R|
Mi = |F| - [R| - Mgcosa
Mi = |F| - [R| - Mgsina

Z"ow

M = Mgcosa+|F| + [R|
Mé = Mgsina +|F| + [R]
= [F| +R| - Mgcosa
[F| + |R| - Mgsina





[image: image3.png]Question 8 (Unit 7)

A particle of mass m is attached to two model springs of stiffnesses ky
and ky, and natural lengths I, and ly, respectively. The other ends of the
springs are attached to fixed points that are a horizontal distance d apart.
Let y be the position of the particle relative to the fixed end of the
left-hand spring, as shown. The particle is displaced from its equilibrium
position and moves horizontally on a smooth plane.

Select the option that gives an equation of motion of the particle.

Options
A mi+ (+k)y =il d)

B 0

C mij+ (y +ka)y = kily = Faly + hd
D mij+ (ks + ka)y = kola — by + Fad.
E mi+ (ki +ka)y=0

Foomj+ (ko ka)y = ka(ly = d) + kala
G mij+ (ko ka)y = ka(d =) = kala
Homij+ (ky+ ko)y = ko(ly = d) + kil




[image: image4.png]Question 9 (Unit 8)

A particle of mass 2m is suspended from a fixed point by a spring of
stiffness & and natural length lp. A second, identical spring is attached to
the particle, and a particle of mass m is fixed to its end. The system
‘hangs vertically in equilibrinm, as shown. Take the datum for potential
energy in each spring to be the point of zero extension (i.e. the natural
length) of that spring.

‘position

Select the option that corresponds to the energy stored in the two springs.

Options
2,2 2 2,2

A0 B L c "‘:2 D 5m2k”
2.2 2 2,2 2,2

g i F Tmg? o u 9




[image: image5.png]Question 14 (Unit 13)

Select the option that best describes the equilibrium point (1,~1) of the
system of differential equations

& =27 -2z,
g=z+zy.
Options
A Unstable source B Stable sink
C Unstable saddle D Unstable star
E  Stable star F Stable centre
G Unstable spiral source  H Stable spiral sink




[image: image6.png]Question 15 (Unit 1)
A particle of mass m moves along a path given by

r(t) = cos(2t)i +sin(26)j + e k.
Select the option that represents the force acting on the particle.
Options
—cos(2t)i —sin(26) j + ¢~k
—cos(2t)i —sin(26)j - e~' K
—dcos(21)i — 4sin(20)j + ¢ Kk
—dcos(2t)i —4sin(2t)j — ™'k
m(=cos(2t) i
m(—cos(2t)
m(~dcos(2t) i
m(~dcos(2t) i

sin(26)j+ et k)
(20— ek
4sin(2t)j+ e~ k)
4sin(2t)j - e~ k)

oM EODQw >





[image: image7.png]Question 16 (Unit 16)
‘The gravitational potential energy between two particles of masses my and
my is

U= —gmm
T

where r is the distance between the particles and G is a constant. Select
the option that gives the dimensions of G.

Options
A Dimensionless B MLT? c
D M7'LT? E M7'LAT? F ML

G MTILAT? H M7LT?




[image: image8.png]Question 17 (Unit 17)

A particle of mass 3m is attached to a model damper of damping
constant r and a model spring of natural length Ip and stiffness 4k. The
other end of the damper is fixed, and the other end of the spring is also
fixed vertically below it, as shown.

3m

Select the option giving a condition that gives the widest possible range of
values for r such that the system undergoes oscillations when displaced
from equilibrium.

Options
A r<mk B r*<mk C 1 <8mk
D <i6mk  E r*<48mk  F *>8mk
G 1> 16mk H %> 48mk




[image: image9.png]Question 18 (Unit 15)

Two particles of unit mass are constrained to move in a straight line on a
frictionless horizontal plane. They are connected as shown by three model
springs, and their positions 21,z are measured from their equilibrium
positions. The outer two springs have unit stiffness, and the central spring
has stiffness 2.

U 3y
P~

The equation of motion of the system is

] _[-3 2] [=

BT 2 -3) =]
Select the option that gives the normal mode angular frequencies of this
system.
Options
A 1,5 B -1,-5 c V21 D —VZ
E 1V F L5 G 1,2 H V25





[image: image10.png]Question 19 (Unit 19)

Three particles, A, B and C., each of mass m, collide at the origin. Prior
to the collision, the particles are moving as follows: A has speed u in the
direction 7‘5(714), B has speed v in the direction 23i + 1j, and C has
speed w in the direction —i. After the collision, all the particles remain
stationary at the origin. Select the option giving w in terms of u.

Options

A w=Vu





[image: image11.png]Question 20 (Unit 20)

A particle of mass m moves in a helical path so that its position at time ¢
is given by r(t) = costi+sintj+tk. Select the option that gives the
angular momentum of the particle about the origin.

Options
A0

B (sint+tcost)i+ (tsint +cost) j+ k
C (sint+tcost)i— (tsint +cost)j+ k
D (sint —teost)i— (tsint+cost)j+ k
E m((sint +tcost)i+ (tsint +cost)j + k)
Fm((sint +tcost)i— (tsint +cost)j+ k)
G m(sint — tcost)i— (tsint +cost)j + k)
H m((sint — tcost)i— (tsint + cost)j — k)




[image: image12.png]Question 22 (Unit 22)
‘The function u(z, t) satisfies the partial differential equation

Pu_ 1

2 Qe
with boundary conditions

w(0.0)=0, u(L.1)=0 (t>0).
Following the method of separation of variables, we make the substitution
u(z,1) = X(x) T(t). Select the option that gives the differential equations
satisfied by X and T, for some constant k.

Options
A X'=kX B X'=kX C X"
=ar T=akT
E X'=kX F
=k
H X' =kX

T =akT




[image: image13.png]Question 23 (Unit 23)

The vector field F is defined in terms of spherical polar coordinates by
F(r0.0)= ’l_e, —reosfes.

Which option gives curl F?

Options

A0 B -e c 2msn‘le,+’l_eo

D 2sinn‘le,+ée. E —2cosfe, F 2cosfey

G —2cosbey H 2cosfey




[image: image14.png]Question 24 (Unit 2§)

wm'umevamo(}frdr, where F(r,y) = —yi+zj and C is the
o

closed curve OABO shown below? The path starts at the origin O, goes
vertically upwards to A, which is the point (0,2), then goes diagonally
downwards and to the right to B, which is the point (2,0), and thence
returns to the origin.
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[image: image16.png]Question 25 (Unit 25)

A lamina of constant density p consists of the region between the two,
curves

y=Vi-2% and y=1-42%

and also bordered by parts of the -axis, as shown.

FIEd

Select the option that gives the moment of inertia of the lamina about the

z-axis.

Options

A

B

c
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