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1  Three horizontal forces, acting at a single point, have magnitudes 12N, 14N and 5N and act along bearings
000°, 090° and 270° respectively. Find the magnitude and bearing of their resultant. [5]

2 Aparticle P moves in a straight line. The displacement of P from a fixed point on the line is (t4 —26+ 5)m,
where ¢ is the time in seconds. Show that, when ¢t = 1.5,
(i) P is at instantaneous rest, [3]

(i) the acceleration of P is 9ms % [3]

A particle P of mass 0.25 kg moves upwards with constant speed ums ' along a line of greatest slope on a
smooth plane inclined at 30° to the horizontal. The pulling force acting on P has magnitude 7N and acts at
an angle of 20° to the line of greatest slope (see diagram). Calculate
(i) the value of 7, [3]
(i) the magnitude of the contact force exerted on P by the plane. 13]

The pulling force 7'N acting on P is suddenly removed, and P comes to instantaneous rest 0.4 s later.

(iii) Calculate u. [4]

4  The acceleration of a particle P moving in a straight line is (t2 - 9t + 18)msfz, where ¢ is the time in

seconds.
(i) Find the values of ¢ for which the acceleration is zero. [2]
(i) It is given that when 7 = 3 the velocity of P is 9ms"'. Find the velocity of P when ¢ = 0. 4]
(iii) Show that the direction of motion of P changes before r = 1. 2]
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A small smooth pulley is suspended from a fixed point by a light chain. A light inextensible string passes
over the pulley. Particles P and O, of masses 0.3 kg and m kg respectively, are attached to the opposite ends
of the string. The particles are released from rest at a height of 0.2 m above horizontal ground with the string
taut; the portions of the string not in contact with the pulley are vertical (see diagram). P strikes the ground
with speed 1.4ms ™. Subsequently P remains on the ground, and Q does not reach the pulley.

(i) Calculate the acceleration of P while it is in motion and the corresponding tension in the string. 4]
(i) Find the value of m. [3]
(iii) Calculate the greatest height of O above the ground. [4]

(iv) It is given that the mass of the pulley is 0.5 kg. State the magnitude of the tension in the chain which

supports the pulley
(a) when P is in motion, 2]
(b) when P is at rest on the ground and Q is moving upwards. 1]

Particle P of mass 0.3 kg and particle O of mass 0.2kg are 3.6 m apart on a smooth horizontal surface. P and
Q are simultaneously projected directly towards each other along a straight line. Before the particles collide
P has speed 4m s and O has speed Sm s
(i) Given that the particles coalesce in the collision, calculate their common speed after they collide. [3]
(i) It is given instead that one particle is at rest immediately after the collision.
(a) State which particle is in motion after the collision and find the speed of this particle. [4]

(b) Find the time taken after the collision for the moving particle to return to its initial position.  [4]

(¢) On a single diagram sketch the (¢, v) graphs for the two particles, with # = 0 as the instant of their
initial projection. [4]

©OCR 2013 4728/01 Jan13 Turn over



7

4

A and B are two points on a line of greatest slope of a plane inclined at 45° to the horizontal and 48 = 2 m.
A particle P of mass 0.4kg is projected from 4 towards B with speed 5ms . The coefficient of friction
between the plane and P is 0.2.

(i) Given that the level of 4 is above the level of B, calculate the speed of P when it passes through the
point B, and the time taken to travel from A4 to B. 7]

(ii) Given instead that the level of 4 is below the level of B,
(a) show that P does not reach B, [3]

(b) calculate the difference in the momentum of P for the two occasions when it is at 4. (4]
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Question Answer Marks Guidance

1 X=14-5 Bl Or5-14
R*=(14-57%+12° M1 | Pythagoras, R as hypotenuse, 3 squared terms
R=15N Al
tand = (14 — 5)/12 Ml Any correct trig, angle between 12 and R targetted.
6=36.9° Al Accept 37, 037

[5]

2 @) v=d( - 27+ 5)/ds M1* | Differentiates displacement, one wrong term max, ignore +c
v=4x15-6x1.5 D*M1 | Substitutes = 1.5 in v(f) OR solves 4¢’-6=0 for a +ve root
v=0 AG Al 0+c is AO unless c is discarded

3]

2 (ii) a=d(4r - 68)/dt M1* | Differentiates velocity, one wrong term max, ignore +c
a(1.5)=12x15-12x15 D*M1 | Substitutes #= 1.5 in a(f) OR solves 12¢* -12t=9 for a +ve root
a=9ms> AG Al 9+c is AO unless c is discarded

3]
3 1@ TCorS20 = 0.25gCorS30 Ml Equates cmpt T and cmpt wt // plane (doubt, see diagram and/or
(i)
Tcos20 = 0.25gsin30 Al 1.225
T=1.3(0) Al
3]

3 | (i) R +/— TCorS20 =+/- 0.25gCorS30 Ml Resolves perp plane, accept letter T
R+ 1.3sin 20 = 0.25gc0s30 Al ft | ft(ev(T))

R=168N Al
3]

3 | (iii) (m)accn = +/— (m)9.8sin30 M1* | N2L with single force a cmpt wt (accept cos)
a=+/-4.9 Al
u =+/-9.8sin30 x 0.4 D*M1
u=1.96 Al Must be +ve (accept loss of — sign)

[4]
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4 | (@) (t-3)(t-6)=0 M1 Solve 3 term QE, 2 correct coefficients if factorising, or using
formula 9+/9 /2
t=3,6 Al “By inspection” both values M1A1, one value MOAO
2]
4 | (i) V= J'(tz —9¢ +18)ds MI1* | Attempts integration of a(#)df, maximum one wrong term
v=">073-9£/2+ 181 (+¢) Al Accept omission of + ¢
333-9x32+18%x3+¢=9 D*M1 | Uses v(3)=9
(v=)-13.5ms" Al Must be negative, and goes beyond c=-13.5
[4]
4 | (iii) v(1)=1/3-9/2+18-13.5=0.333 M1 Finds v(1) (=1/3)
Changed sign so direction of motion has changed Al Accurate values (v(0)=-13.5, v(0.5)=-5.58, v(0.9)=-0.702)
2]
5 | (@) 14°=2xax02 M1 | Any use of a =g is MO
OR
0.2=(0+1.4)¢t /2 and 1.4=0+at =2/7 hence 1.4=a x 2/7
a=49ms” Al
03g-T=+4/-03x49 M1 | N2L diff of weight and tension. Any use of ¢ = g is MO
T'=147N Al
[4]
5 | (i) +/-49m =147 —mg Ml N2L for Q using values from (i), @ not g; accept a = gAM/EM
49m=147-mg Alft | Diff cv(T) and mg correct way round; ft cv(7,a)
4.9 =g(0.3 —m)/(0.3 + m) M1A1; ftcv(a)
m=0.1 Al
3]
5 | (iii) 1.4* =2gs Ml | Acen=g
s=0.1 Al may be implied (eg H = 0.3) BoD sign uncertainty
H=02+02+0.1 Ml Needs 0.2 twice
H=05m Al
[4]
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5 (iv) | (a) | Tension=0.5g+ 2 x 1.47 M1

Tension =7.84 N Al

2]

5 | (iv) | (b) | Tension (=0.5¢)=49N B1
1]

6 | (@) M1 Cons of momentum, no g*, common v “after” term
0.3x4 - 0.2x5 = +/- (0.3+0.2)v Al 0.3x4 + 0.2x5 = +/- (0.3+0.2)v is M1AOAO
v=04ms" Al Must be positive

[3] *Allow g if fully cancelled in first line BOD

6 (i) | (a) | Q (or P at rest) B1 If P moves, allow 0.3vwhen considering M1

Ml Cons of momentum, no g*, one “after” term
0.3x4 - 0.2x5=0.2v Al 0.3x4 + 0.2x5 = 0.2vis M1AOAO
v=1ms" Al

4] *Allow g if fully cancelled in first line BOD

6 |(@{i) |(b) |4+5t=3.6 Ml Or 9¢=3.6, Or both 3.6-x =4t and x= 5t
t=04 Al
xq = 5x0.4 (=2) Al Finds initial Q distance. 3.6 x 5 /(4+5) is M1A1Al
T=2/1=)2s Al
OR [4]

(Time =) M1 Equates pre-collision times
x/5=3.6 -x)/4 Al x is distance Q travels before collision
x=2m Al
T=2/1=2s Al
6 | (i) | (c) Bl One horizontal, +ve v intercept
v ﬂ‘ P Bl One horizontal, —ve v intercept, terminates at same ¢
4 0 B1 One along t-axis, starts at same ¢ as +ve line ends, label P
_ Bl One horizontal above #-axis, starts at same ¢ as —ve line ends.
r g (Ignore any values put on graphs)
-5 < t
' [4]







