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1 A small object of mass Skg 1s attached to one end of each of two identical parallel light elastic
strings. The upper ends of both strings are attached to a horizontal ceiling.
The object hangs in equilibrium at R, with the extension of each string being 0.1 m, as shown in

Fig. 1.
I
0.1m
® R
Fig. 1
(a) Find the stiffness of each string. [3]

One of the strings is now removed and the object initially falls downwards. The object does not
return to R at any point in the subsequent motion.

(b) Suggest a reason why the object does not return to R. [1]

0] T=kX
) T .\-Sﬁﬁ‘ness total tension

. Cor equilibriumr 2k x01=159
=>2k = 509
writing units is o good habit to get
k= 2509 Nm"' <~ _
B INTO
= 245 Nm
b) the string may hove 'stretched beyond its elastic limit

5

('new’ unextended length), or the Mmass may have lost

energy in @ nbh- e\astic collision


Ramya Gururajan


Ramya Gururajan



PhysicsAndMathsTutor.com

2 Aparticle P of mass m travels in a straight line on a smooth horizontal surface.
At time 7, P is a distance x from a fixed point O and is moving with speed v away from O. A
horizontal force of magnitude 3mt acts on P, in a direction away from O.

i Y 1
dr

(b) Verify that the general solution of this differential equation is x = %13 + At + k, where 4 and &

are constants. 12]

(¢) Given that x = 6 and v = 12 when ¢ = 1, find the values of 4 and k. |4]

a) Newton's 2™ low Ffor c»nswn’r mass: F=ma

= o= m X
S0 3mg o\l:" = e =5t

b) dlifferentiate given Selution * 3= 3:;_ £ A
=3t =< Consistent
C) X=b,V=|2, t=1: b= li(')"m” Flo Y\
=2 (y) + & «—/
2

2= A

A
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3 Aparticle Q of mass m moves in a horizontal plane under the action of a single force F.

. . 2
At time ¢, Q has velocit
ime ¢, Q has velocity (3{ P

(a) Find an expression for F in terms of m. 12]

At time 7, the displacement of Q is given by r = [\] When 7= 1, Q is at the point with position

4
vector .
-4
(b) Find the equation of the path of Q, giving your answer in the form y = ax® + bx+c, where a,
b and ¢ are constants to be determined. |7]

(¢) What can you deduce about the path of Q from the value of the constant ¢ you found in
part (b)? (1]

o) "i‘(,:;_z_\ = dy - (g) = £=ma= M(3)

_(XY X\ 2btc  \=diferent
b) Y_-_ (3) 5’\_(0“. d)(g) %tl‘lt-l'd 2~ constants
L=\ [zc_"'qs) 2(1)+c=% so c=2
3(1)-2()+d=- -1
2 ()-20+d=-k so d="F

X*2t42 & y= %_t‘-—zt,—g:

reawange b edimnate t:
t= 23|
sub in expression for y: 9"'%(‘;'}")1‘7—('3,1-”'%-_

=3 (< x> - -3
7_(;‘.)(. X+1)-2+2 .

b

k2

1_3 2 _y-32

|

\\

oo |0

X*-2x
Z
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¢) C=0 so particle passes through the origin
(NoT starts @ origin)
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4  Two uniform discs, A of mass 0.2kg and B of mass 0.5kg, collide with smooth contact while
moving on a smooth horizontal surface.
Immediately before the collision, A is moving with speed 0.5ms ™' at an angle & with the line of
centres, where sin o = 0.6, and B is moving with speed 0.3ms™' at right angles to the line of
centres. A straight smooth vertical wall is situated to the right of B, perpendicular to the line of
centres, as shown in Fig. 4. The coefficient of restitution between A and B is 0.75.

wall

Fig. 4

(a) Find the speeds of A and B immediately after the collision. 18]

(b) Explain why there could be a second collision between A and B if B rebounds from the wall
with sufficient speed. 1]

(¢) Find the range of values of the coefficient of restitution between B and the wall for which
there will be a second collision between A and B. [3]

(d) How does your answer to part (b) change if the contact between B and the wall is not smooth?

(1]

Q) conservation of momentum in X direction

0-Swso

0:2x0-5¢cosxx+ O =02V,+05v,
coefficient of restitution : - ¢ = eV

ub-“q

SO V,~Vp=-0-35(0-0-5 CoSex)
Cosx =\I-Sin" ={I-0b =08=V,-1, =03 O

0-2V,+0.5v,=0-0% @

o5
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Solve simultaneous equations:
5x@: Vot 25v=0Y
O+rS5x@: 35V, =0-F
Vp, 202
sub in: 0-2-V,=0-2  porollel tox
V= -0l
momentum only tansRrred ih X direction, so after collision,
Velocities in Y direction ar :
V= 05sin =03 1) =0-3
. speed of A = [0-3%+ 01> =[0T ~0:3(b ms"!
v 1 g=[03+02" =]013 ~0:2b] ms"!
b) +hey cowld collide again "~ the Velocityy perpendicular
to the line of contres is0-2 Gor both A £ B, S0 %e.y)

Will Yemain in line over time d d‘ K

c) 1o ‘catdh up wik A, afler hitting wall”

B's speed must >0 {ms™! fywards A

e= VE: betore A >0l . . e>0
}mcm Colliding =Vg201S0 € 02 05
With wWall

d) Bs speed along the wall wowldn't be conserved, so
wowldn't be the same as A's, - no 2™ collision
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5  Fig. 5 shows the curve with equation y =—x" +4x+2.
The curve intersects the x-axis at P and Q. The region bounded by the curve, the x-axis, the y-axis
and the line x =4 is occupied by a uniform lamina L. The horizontal base of L is OA, where A is
the point (4, 0).

Ya

o
/

(a) (i) Explain why the centre of mass of L lies on the line x = 2. 1]

Fig. 5

(ii) In this question you must show detailed reasoning.

e —
Find the y-coordinate of the centre of mass of L. 17]
(b) L s freely suspended from A. Find the angle AO makes with the vertical. 12]

The region bounded by the curve and the x-axis is now occupied by a uniform lamina M. The
horizontal base of M is PQ.

(¢) Explain how the position of the centre of mass of M differs from the position of the centre of

mass of L. 2]

a)ithe lamina’s cunve s symmetrical about x=2,
so L is too

. Q'—‘_f;ig“dx , My =S\°'3_p3‘o()!_. M=gbj>3dx

b " .

Saydx

‘f' ¥} Iy | 3 L
area = (-3 +ex +2)dx = [+ 2x 2%

(o]

=56

4
o

3
1 . . " b N ES < ! + i
3y~ integral: ;-_Sg-x_ Hex+42) " dx = ;ng‘*-sx’+ 12X+ +) dxe
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| _!_. > 4 3 2 i
==-i[5)t-21 +HC + B+l \

=222
5
x=232 - 5b
=>{ _5_53_
= 31
25
=2-4-9

b) freely suspenced => Co-M. directly below point of

_ verticl
suspension /r?\\
" A

CO-M. (2,249)
symmeinc about X=2 - £ 0AG = £ ADG (1sosceles)
tanOAG = 29 - AL OAG = angle to Vertical =51:2°

2 —
Cl X remains the same (Same symmetry)
U will decrease "~ part of M net in L (added mass)
IS closer tv the x-axi<, adding weight below 249
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6 A smooth solid hemisphere of radius a 1s fixed with its plane face in contact with a horizontal
surface.
The highest point on the hemisphere 1s H, and the centre of its base 1s O. A particle of mass m 1s
held at a point S on the surface of the hemisphere such that angle HOS is 30°, as shown in Fig. 6.
The particle is projected from S with speed 0.8+/ag along the surface of the hemisphere towards H.

Fig. 6

(a) Show that the particle passes through H without leaving the surface of the hemisphere. 14]

After passing through H, the particle passes through a point Q on the surface of the hemisphere,
where angle HOQ = 6°.

(b) State, in terms of g and 6, the tangential component of the acceleration of the particle when it

1s at Q. (1]

The particle loses contact with the hemisphere at Q and subsequently lands on the horizontal
surface at a point L.

(c¢) Find the value of cos6 correct to 3 significant figures. 4]

(d) Show that OL = ka, where £ is to be found correct to 3 significant figures. [5]

END OF QUESTION PAPER
a) fo emain oh hemisphere, R> 0. particle must have
enough energy to reach H. [-can’m' petul

@ S, T fowards centre = fﬁ\_l_1'= M Q-slb@‘)zo-b‘l—mg
Wcos3(y Y )

/?1\”\ W fowards centre =mgcos30

= 0-8bbmg
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0-86b Mg > 0blemy = R>0, P stays on hemisphere
Enegy @ S=KE +G-P.L. = ;m(0blag) +Mgacos3p

E@S is > GPE@H, mga, S0 P reachesﬂ':%

H & passes through H aDosSO

b) §SIND  ‘stote’ implies you shouldn't heed to do any

calculations /30/
IRB

c) loses contact > R=0 ‘35&
@ Q, mgcoso="V" ©
0

E conserved : 3ml0-bk-ag)+Myacos30=;mv*+mgacost
subin O 0-320mg+ Mg oS30 = MY CoSO + Mgacus
=> 036 = (0 bt +2.05 30 = keep in exact form
o) v*=7-HBbbta using v:=agcosd
vertical motion (SUVAT): acos® = 2-#836{n sm&u,'_gt‘ 4)
prom quadratic formula £ ind={i-cos™ = V-bo‘ ‘?‘H
t=0-2638]01
OL= 0Q+VcosOt = SinB-+2+836a coss (0-23800)

=9 a
7 /‘$
6
ey
A SInG-

for as-long as possivle
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