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A box of weight 100N rests in equilibrium on a plane inclined at an angle « to the horizontal. It is
given that sina = 0.28 and cos & = 0.96. A force of magnitude PN acts on the box parallel to the
plane in the upwards direction (see diagram). The coefficient of friction between the box and the
plane is 0.25.

(i) Find the magnitude of the nornal force acting on the box. [2]

(ii) Given that the equilibrium is limiting, show that the magnitude of the frictional force acting on
the box is 24 N. (1]

(iii) Find the value of P for which the box is on the point of slipping
(a) down the plane,

(b) up the plane.
[3]
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Three small uniform spheres A, B and C have masses 0.4 kg, 1.2 kg and m kg respectively. The spheres
move in the same straight line on a smooth horizontal table, with B between A and C. Sphere A is
moving towards B with speed 6ms~!, B is moving towards A with speed 2ms~! and C is moving
towards B with speed 4 ms~! (see diagram). Spheres A and B collide. After this collision B moves
with speed 1 ms™! towards C.

(i) Find the speed with which A moves after the collision and state the direction of motion of A. [5]

(i) Spheres B and C now collide and move away from each other with speeds 0.5ms™! and 2ms™

respectively. Find the value of m. [3]
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Three coplanar forces of magnitudes 5N, 8 N and 8 N act at the origin O of rectangular coordinate
axes. The directions of the forces are as shown in the diagram.

(i) Find the component of the resultant of the three forces in
(a) the x-direction,

(b) the y-direction,
[5]

(ii) Find the magnitude and direction of the resultant. [4]

A particle moves in a straight line. Its velocity ¢s after leaving a fixed point on the line is vms™,

where v = 1 + 0.17%. Find
(i) an expression for the acceleration of the particle at time ¢, 2]

(ii) the distance travelled by the particle from time ¢ = 0 until the instant when its acceleration is
2.8ms™. [7]

Two particles A and B are projected vertically upwards from horizontal ground at the same instant.
The speeds of projection of A and B are 7ms™' and 10.5ms™! respectively.

(i) Write down expressions for the heights above the ground of A and B at time t seconds after
projection. (1]

(ii) Hence find a simplified expression for the difference in the heights of A and B at time t seconds
after projection. (1]

(iii) Find the difference in the heights of A and B when A is at its maximum height. [3]

At the instant when B is 3.5 m above A, find
(iv) whether A is moving upwards or downwards, [3]

(v) the height of A above the ground. [2]
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Fig. 1

A cyclist P travels along a straight road starting from rest at A and accelerating at 2 m s2 up to a speed
of 8ms™!. He continues at a constant speed of 8 m s, passing through the point B 205 after leaving
A. Fig. | shows the (z, v) graph of P’s journey for 0 < ¢ < 20. Find

(i) the time for which P is accelerating, [2]
(ii) the distance AB. [31
x (m)
A
0 20 » t(s)
Fig. 2

Another cyclist Q travels along the same straight road in the opposite direction. She starts at rest from
B at the same instant that P leaves A. Cyclist Q accelerates at 2ms™2 up to a speed of 8ms™' and
continues at a constant speed of 8 ms™!, passing through the point A 20s after leaving B. Fig. 2 shows
the (¢, x) graph of Q’s journey for 0 < r < 20, where x is the displacement of Q) from A towards B.

(iii) Sketch a copy of Fig. 1 and add to your copy a sketch of the (z, v) graph of Q’s journey for
0<1r<20. [2]

(iv) Sketch a copy of Fig.2 and add to your copy a sketch of the (¢, x) graph of P’s journey for
0<r<20. [3]

(v) Find the value r at the instant that P and Q pass each other. (3]

4728/Jan05




02kg® B

70°

The upper edge of a smooth plane inclined at 70° to the horizontal is joined to an edge of a rough
horizontal table. Particles A and B, of masses 0.3 kg and 0.2 kg respectively, are attached to the ends
of a light inextensible string. The string passes over a smooth pulley which is fixed at the top of the
smooth inclined plane. Particle A is held in contact with the rough horizontal table and particle B is in
contact with the smooth inclined plane with the string taut (see diagram). The coefficient of friction
between A and the horizontal table is 0.4. Particle A is released from rest and the system starts to
move.

(i) Find the acceleration of A and the tension in the string. (8]

The string breaks when the speed of the particles is 1.5m s,

(ii) Assuming A does not reach the pulley, find the distance travelled by A after the string breaks.
(3]

(iii) Assuming B does not reach the ground before A stops, find the distance travelled by B from the
time the string breaks to the time that A stops. {6]
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4728 Mark Scheme January 2005
1 (i) R =Wcos & M1 For resolving forces perpendicular to the plane
____________________ Magnitudeis 96 N | AL 2
_________ (i) | Magnitudeis 24N____ | Bl 1 |AGFromcorrectwork. . __
(iii) P=100x0.28-24 M1 For resolving 3 forces parallel to the plane (either
P=100x0.28 + 24 case)
(QP=4 Al
(b) P =52 Al 3
2 (i) Momentum of A and B before Alternatively: Momentum lost by A=0.4%x (6 - V)
collision=0.4x6-1.2x2 B1 Bl
Momentum of A and B after Momentum gained by B
collision=0.4v+12 x 1 B1 =12x(1+2) Bl
04x6-12%x2=04v+12x1 M1 For using the principle of conservation of
(v=-3) momentum
Speed is 3 ms™ Al Positive answer only
____________________ Directionisaway fromB_______ ___[ALft 5 | ftfromv
(ii) 1.2x1-4m=-12x0.5+2m For momentum equation :-
or1.2x1+1.2x0.5=4m + 2m
B1 with lhs correct
B1 with rhs correct
____________________ m=03 |BL__3|
SR If mgv used for momentum instead of mv,
then
(i) Speed is 3 ms™ B1
Direction is away fromB Bl ft
(i) m=0.3 Bl
3 (@) M1 For resolving 3 forces parallel to the x-axis
X =2x%8c0s30° — 5sin40° Al
____________________ Componentis 10.6N_ | Alft | ftfor4.17 fromsin/cos mixonly
()(b) Y = 5c0s40° B1
____________________ Componentis3.83N_ | BIlft 5 |ftfor321fromsin/cosmixonly
(i) R?=10.64% + 3.83° M1 For using R? = X2 + Y?
Magnitude is 11.3 N Al ft
tan & = 3.83/10.64 M1 For using tan & = Y/X
Direction is 19.8° anticlockwise
from +ve x-axis Alft 4
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4 | () M1 For using a = V(t)
____________________ Accelerationis 1+0.2t | Al 2 |
(i) M1 For solving a(t) = 2.8 for t
t=9 Al
M1* For integrating v(t) to find s(t)
Al For t* 2 correct in s(t)
Al For t3--30 correct in s(t)
5(9)=9°+2+9°+30- (0 +0) dep*M1 For correct use of limits or equivalent
(=405 + 24.3)
Distance is 64.8 m Alft 7 | fttheira = v(t) from (i)
5 (i) Heights are 7t — % gt” and
____________________ 108t-%gt Bl ]
,,,,,,,,, (i) | Expressionis3.5t Bl 1 |Fromcorrect(i) .. . ...
(iii) 0=7-9.8t M1 Forusingv=u-gtwithv=0
t=5/7 or 0.714 Al
____________________ Differenceis2.5m | Alft 3 |ftvalueoft .
(iv) =1 B1 ft For using ans(ii) = 3.5 correctly
Greater than 5/7 (may be implied) | M1 For comparing this t with the time to greatest
or7-gx1lis-ve height or considering the sign of v, for this t
____________________ Directionisdownwards | Al 3 |\
(v) ha=7x1-%9.8x1° M1 For using h = ut — % gt* with relevant t
Heightis2.1m Al 2
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6 0] M1 For using the idea that the gradient represents
acceleration or for using
v=u+at
__________________ Accelerating for4s AL 2
(i) M1 For using the idea that the distance is represented
by the area of the trapezium or using suitable
formulae for the two stages of the journey
AB =% (16 + 20)8 Alft
__________________ Distanceis 144 m AL 3
(iii) Graph is single valued and continuous and
consists of two straight line segments with
one segment from the origin and the other parallel
B1 to the t axis
Graph for Q is the reflection of the graph for P in
__________________________________________________________ BL 2 |thetadis
(iv) Graph is single valued and continuous and
consists of two parts, one of which is a straight
line segment,with x increasing from 0 for the
B1 interval 0 <t< 20
Bl xp(20) appears to be equal to x(0)
B1 Graph for P appears to be the reflection in x =
____________________________________________________________________ 3__|ans(i)x2ofgraphforQ . .
v) t=20- (% 144-+8) M1 For complete method of finding the required time
or 16 + 8(t-4) = 128 — 8(t-4) or
equivalent
Value of tis 11 A2 K
SR Allow B1 for t = 11 without explanation
7 (i) M1 For applying Newton’s second law to either
particle
T-F=0.3a Al
0.2gsin70°-T=0.2a Al
R=0.3g B1
F =0.4(0.39) M1 Forusing F= u#R
0.2gsin70°- 0.4(0.3g) = 0.5a M1 For eliminating Fand T or a
Acceleration is 1.33 ms™ Al
__________________ Tensionis158N /AL 8 |
(i) a=-04q Bl May be scored in (iii)
0=15%-2x3.92s M1 For using v* = u? + 2as with v =0
,,,,,,,,,,,,,,,,,, Distanceis 0.287m | AL 8 |
(iii) M1 For using v = u + at or equivalent with v =0 for A
0=15-3.92t Alft ft value of a from (i)
t = 0.383 (may be implied) Al
a = gsin70° Bl For acceleration of B
s= 1.5(0.383) +149.8sin70°(0.383)* | M1 For using s = ut + ¥ at?or equivalent with u = 0
(=0.574 + 0.674)
Distance is 1.25m Al 6
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