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1 (a) Anobject P, with mass 6 kg and speed 1 ms™!, is sliding on a smooth horizontal table. Object P
explodes into two small parts, Q and R. Q has mass 4 kg and R has mass 2kg and speed 4ms™!
in the direction of motion of P before the explosion. This information is shown in Fig. 1.1.

before after
Ims™! 4ms!
— —
Fig. 1.1
(i) Calculate the velocity of Q. (4]

Just as object R reaches the edge of the table, it collides directly with a small object S of mass
3 kg that is travelling horizontally towards R with a speed of 1 ms™!'. This information is shown
in Fig. 1.2. The coefficient of restitution in this collision is 0.1.

4ms! Ims!
— > —

R (2kg ) 3kg ) S

0.4m

Fig. 1.2
(ii) Calculate the velocities of R and S immediately after the collision. [6]

The table is 0.4 m above a horizontal floor. After the collision, R and S have no contact with the
table.

(iii) Calculate the distance apart of R and S when they reach the floor. [3]
(b) A particle of mass m kg bounces off a smooth horizontal plane. The components of velocity of
the particle just before the impact are u ms~' parallel to the plane and vms~' perpendicular to

the plane. The coefficient of restitution is e.

Show that the mechanical energy lost in the impact is %mvz(l -H I [4]
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2 A car of mass 1200 kg travels along a road for two minutes during which time it rises a vertical
distance of 60 m and does 1.8 x 10°J of work against the resistance to its motion. The speeds of the
car at the start and at the end of the two minutes are the same.

(i) Calculate the average power developed over the two minutes. [4]

The car now travels along a straight level road at a steady speed of 18 ms™' while developing constant
power of 13.5kW.

(ii) Calculate the resistance to the motion of the car.
How much work is done against the resistance when the car travels 200 m? [5]

While travelling at 18 ms™', the car starts to go down a slope inclined at 5° to the horizontal with the

power removed and its brakes applied. The total resistance to its motion is now 1500 N.

(iii) Use an energy method to determine how far down the slope the car travels before its speed is
halved. [6]

Suppose the car is travelling along a straight level road and developing power P W while travelling at
vms~! with acceleration @ m s~ against a resistance of R N.

(iv) Show that P = (R + 1200a)v and deduce that if P and R are constant then if a is not zero it
cannot be constant. [4]
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3 A side view of a free-standing kitchen cupboard on a horizontal floor is shown in Fig.3.1. The
cupboard consists of: a base CE; vertical ends BC and DE; an overhanging horizontal top AD. The
dimensions, in metres, of the cupboard are shown in the figure. The cupboard and contents have a
weight of 340 N and centre of mass at G.

(11‘5A 2.0 _
A == » D
B I
0.5 G 0.9
- »e
C E|y

Fig. 3.1

(i) Calculate the magnitude of the vertical force required at A for the cupboard to be on the point of
tipping in the cases where the force acts

(A) downwards, [3]
(B) upwards. [3]

A force of magnitude O N is now applied at A at an angle of 6 to AB, as shown in Fig. 3.2, where
cos 6 = 3 (and sin 6 = {3).

ON

Fig. 3.2

(i) By considering the vertical and horizontal components of the force at A, show that the clockwise

30
moment of this force about E is 1—3Q N m. [31

With the force of magnitude O N acting as shown in Fig. 3.2, the cupboard is in equilibrium and is on
the point of tipping but not on the point of sliding.

(iii) Show that Q = 221 and that the coefficient of friction between the cupboard base and the floor
must be greater than 3. [9]
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5
In this question, coordinates refer to the axes shown in the figures and the units are centimetres.

Fig. 4.1 shows a lamina KLMNOP shaded. The lamina is made from uniform material and has the
dimensions shown.

y y
A A
i
P K P K
110 0
80 M M=
40 40
Yy \ Y
» X » X
0= =N 0=20~N
Fig. 4.1 Fig. 4.2

(i) Show that the x-coordinate of the centre of mass of this lamina is 26 and calculate the y-coordinate.

[4]

A uniform thin heavy wire KLMNOPQ is bent into the shape of part of the perimeter of the lamina
KLMNOP with an extension of the side OP to Q, as shown in Fig. 4.2.

(i) Show that the x-coordinate of the centre of mass of this wire is 23.2 and calculate the y-coordinate.

[5]
The wire is freely suspended from Q and hangs in equilibrium.

(iii) Draw a diagram indicating the position of the centre of mass of the hanging wire and calculate
the angle of QO with the vertical. [4]

A wall-mounted bin with an open top is shown in Fig.4.3. The centre part has cross-section
KLMNOPQ; the two ends are in the shape of the lamina KLMNOP.

The ends are made from the same uniform, thin material and each has a mass of 1.5kg. The centre
part is made from different uniform, thin material and has a total mass of 7 kg.

Fig. 4.3

(iv) Calculate the x- and y-coordinates of the centre of mass of the bin. [5]
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1(a)
@) Letvel of Qbev —
6x1=4v+2x4 M1 | Use of PCLM
Al | Any form
v=-0.55005ms" Al
in opposite direction to R Al | Direction must be made clear. Accept— 0.5 only
if + ve direction clearly shown
________ B I 4
(ii) Let velocities after be R: vg —; S: vg
%
PCLM +ve — 4x2—-1x3=2vy, +3v M1 | PCLM
2vp +3v5 =5 Al | Any form
NEL +ve —
S =—0.1 M1 | NEL
sovs—vr=0.5 Al | Any form
Solving gives
v = 07> A1l | Direction not required
=12 - A1l | Direction not required
Award cao for 1 vel and FT second
________ B I e
(iii) | R and S separate at 0.5 ms"™' M1 | FT their result above. Either from NEL or from
difference in final velocities
Time to drop T given by
0.5x9.87*=0.4s0 T =2 (0.28571...) Bl
so distance is 2x0.5=1 m Al | cao
(0.142857...m)
________ . 3
(b) before  after
P
o—r
u u
u—u Bl
v—(-)ev Bl | Accept v—ev
KE loss is
Tm(u® +v ) =tm(u* +€*V7) MI | Attempt at difference of KEs
=Lmu® +Lmv’ —Lmu® —Lme*v’ El | Clear expansion and simplification
= tm*(1- ez) of correct expression
4
17
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2(i) GPE is 1200 x 9.8 x 60 =705 600 B1 | Need not be evaluated
Power is (705 600 + 1 800 000) + 120 M1 | power is WD =+ time
Bl | 120s
=20880 W=20900 W (3s.1) Al | cao
(ii) Using P = Fv. Let resistance be R N M1 | Use of P= Fv.
13500 = 18F
so F=1750 Al
Asvconst,a=0soF—R=0
Hence resistance is 750 N E1 | Needs some justification
We require 750 x 200 = 150 000 J M1 | Use of WD = Fd or Pt
(=150KkJ)
F1 | FT their F
(iii) M1 | Use of W-E equation with ‘x’
1x1200%(9* -18%) B1 | 2 KE terms present
=1200%9.8x xsin5—1500x M1 | GPE term with resolution
Al | GPE term correct
Al | All correct
Hence 145800 = 475.04846...x
sox=230691... s0307m(3s,f) Al | cao
(iv) |P=Fv B1
and N2L gives F'— R =1200a B1
Substituting gives
P=(R+ 1200a)v El | Shown

If a#0, visnot constant. But P and R
are constant so ¢ cannot be constant. El

3 (i) | Let force be P
A) a.c. moments about C

Px0.125-340%x05=0 M1 | Moments about C. All forces present. No extra
forces.
Al | Distances correct
P=1360s0 1360 N Al | cao
3
(i) (B) | Let force be P
c.w. moments about E
Px2125-340%x(2-0.5)=0 M1 | Moments about E. All forces present. No extra
forces.
Al | Distances correct
P=240s0240 N Al | cao
3
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(ii) Qsin@x2.125+Qcos6x0.9 M1 | Moments expression. Accept s <> c.
B1 | Correct trig ratios or lengths
_ 2550 , 450
13 13
=32 50 X2 Nm El | Shown
3
(iii) | We need ¥£=340x1.5 M1 | Moments equn with all relevant forces
so 0 =221 El | Shown
Let friction be F and normal reaction R
Resolve —
221cos@—F =0 M1
so F=85 Al
Resolve T
221sin 8 + R =340 M1
soR=136 Al
F < uR as not on point of sliding M1 | Accept < or=
so 85<136u Al | Accept <. FT their Fand R
SO >3 El
9
18
4 (i) X 30 50
4000| _ |=4800 —-800 M1 | Any complete method for c.m.
¥ 40 20
A1l | Either one RHS term correct or one component of
both RHS terms correct
S0 X =26 El
y=44 Al
[SC 2 for correct y seen if M 0]
________ : 4
(i) x
250 5 M1 | Any complete method for c.m.
el rolan) o)l
=110 __|+40[ 7 |+40| ~ [+20] " |+40
55 0 20 40 60)| Bl | Any 2 edges correct mass and c.m. or any 4 edges
correct with mass and x or y c.m. coordinate
correct.
B1 | At most one consistent error
x=232 El
¥ =402 Al
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(iii)
B1 | Indicating c.m. vertically below Q
B1 | Clearly identifying correct angle (may be implied)
and lengths
Anele i ( 23.2 ) MI | Award for arctan (%) where b=23.2 and a = 69.8
gle is arctan| —————
110-40.2 or 40.2 or where b = 69.8 or 40.2 and a = 23.2.
Allow use of their value for y only.
=18.3856....50 18.4° (3s. 1) Al | cao
________ - N N SR t SO
@) 10 x =2x1.5% 26 +7 232 M1 | Combini i
7 )= 2 4 402 ombining the parts using masses
B1 | Using both ends
Al | All correct
X =24.04 so024.0 (3s.f) Al | cao
y=4134 s041.3 (3s.f) F1 | FT their y values only.
5
18
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