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The diagram shows the cross-section of a uniform solid rectangular block. This cross-section has

dimensions 20 cm by 10 cm and lies in a vertical plane. The block rests in equilibrium on a rough plane
whose inclination o to the horizontal can be varied. The coefficient of friction between the block and the

plane is 0.7. Given that a is slowly increased from zero, determine whether equilibrium is broken by
toppling or sliding. [5]

A small ball of mass 0.2 kg is dropped from rest at a height of 1.2 m above a horizontal floor. The ball
rebounds vertically from the floor, reaching a height of 0.8 m. Assuming that air resistance can be
neglected, calculate

(i) the coefficient of restitution between the ball and the floor, (4]
(ii) the impulse exerted by the floor on the ball when the ball bounces. (2]
If air resistance were taken into account, would the value calculated for the coefficient of restitution be
larger or smaller than the value calculated in part (i)? Justify your conclusion. 1]
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A uniform lamina 4BCD has the shape of a square of side a adjoining a right-angled isosceles triangle
whose equal sides are also of length a. The weight of the lamina is W. The lamina rests, in a vertical
plane, on smooth supports at 4 and D, with AD horizontal (see diagram).

(i) Show that the centre of mass of the lamina is at a horizontal distance of 151 a from A. [4]

(ii) Find, in terms of W, the magnitudes of the forces on the supports at 4 and D. [4]
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Fig. 1
Fig. 1 shows the cross-section of a hollow container. The base of the container is circular, and is
horizontal. The sloping part of the side makes an angle of 15° with the horizontal, and the vertical part of
the side forms a circular cylinder of radius 0.4 m. A small steel ball of mass 0.1 kg moves in a horizontal

circle inside the container, in contact with the vertical and sloping parts of the side at 4 and B respectively,
as shown in Fig. 2.

Fig. 2

1t is assurned that all contacts are smooth and that the radius of the ball is negligible compared to 0.4 m.

(i) Given that the ball is moving with constant speed 3ms™, find the magnitudes of the contact forces
acting on the ball at 4 and at B. (5]

(ii) Calculate the least speed that the ball can have while remaining in contact with the vertical part of the
side of the container. 3]

A car of mass 650 kg is travelling on a straight road which is inclined to the horizontal at 5°. At a certain
point P on the road the car’s speed is 15ms~!. The point Q is 400 m down the hill from P, and at Q the
car’s speed is 35ms™.

(i) Assume that the car’s engine produces a constant driving force on the car as it moves down the hill

from Pto Q, and that any resistances to the car’s motion may be neglected. By considering the
change in energy of the car, or otherwise, calculate the magnitude of the driving force of the car’s

engine. [4]

(ii) Assume instead that resistance to the car’s motion between P and Q may be represented by a constant
force of magnitude 900 N. Given that the acceleration of the car at Q is zero, show that the power of
the car’s engine at this instant is approximately 12.1 kW. 4]

Given that the power of the car’s engine is the same when the car is at P as it is when the car is at Q,
calculate the car’s acceleration at P. 2]
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A uniform rectangular box of weight W stands on a horizontal floor and leans against a vertical wall. The
diagram shows the vertical cross-section ABCD containing the centre of mass G of the box. 4D makes an
angle 6 with the horizontal, and the lengths of 4B and AD are 2a and 8a respectively.

(i) By splitting the weight into components parallel and perpendicular to 4D, or otherwise, show that the —

anticlockwise moment of the weight about the point D is Wa(4cos —sin8). [3] -
(ii) The contact at 4 between the box and the wall is smooth. Find, in terms of # and 6, the magnitude
of the force acting on the box at 4. 3]
(iii) The contact at D between the box and the ground is rough, with coefficient of friction u. Given that
the box is about to slip, show that tan@ = . . . [4]
Su+1
B_ C
100 m
) A
- 1000 m
Fig. 1 =

A shell is fired from a stationary ship O which is at a distance of 1000 m from the foot of a vertical cliff 4B -~

of height 100 m. The shell passes vertically above B and lands at a point C on horizontal ground, level
with the top of the cliff (see Fig. 1). The shell is fired with speed 300 ms™! at angle of elevation 6, and
air resistance to the motion of the shell may be neglected.

(i) Given that 6 =30°, find the time of flight of the shell and the distance BC. [6]
ii
(i) s
/ Iloo m
O A
- 1000 m
Fig. 2

Given instead that the shell just passes over B, as shown in Fig. 2, find the value of 6, correct to the
nearest degree. [6]
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1 Topples when CG is above lowest comner B1 May be implied
i.e. when tana =3 Bl
Slides when R = mgcosa and 0.7R = mgsina Ml Both equations attempted
i.e. when tana = 0.7 Al Allow B2 in place of M1 Al if u=tana is
quoted
Hence it topples, since % < 0.7 Bl/ 5 | Conclusion and reason needed
2 (i) Speed before impact is 4/2g 1.2 and 2gx0.8 |M1 For one relevant use energy or const acc
Al For both correct (unsimplified) values
Hence e= 7—‘;23 = g =03816 M1 For use of v = ev to calculate e
4g
Al 4 | For correct exact or decimal answer
(ii) Impulse= 0.2(J24g +4/1.6g)=1.76Ns Ml Allow M mark even if there is a sign error
Al 2
With air resistance, speed before impact is smaller, and
speed after impact is larger; hence e is larger B1 1 | For correct conclusion with correct reasons
3 (i) CG of triangle is £a horizontally from 4 Bl
Moments: W x3a +4W x3a=WxX M1 For equating moments about 4, or equivalent
Al For a correct unsimplified equation
Hence x=44a Al 4 | Given answer correctly shown
Gi) R,x2a=Wxja=R,=%W M1 For one moments equation
Al For one correct answer
R,+Rpy=W=Rp= '}'zli w M1 For resolving, or a second moments equation
AV 4 | For a second correct answer
4 (i) Rgcosl5°=0.1g B1
Hence Rp=1.01N Bl
. 32
R, + Rpsinl5°=0. lxﬁ Ml For using NII horizontally (3 terms needed)
Al Correct equation
Hence R4, =1.99N Al 5
(ii)) R, =0, and Rg =1.01 as before Bis, May be implied
]
Rpsin15°=0.1x— M
g Sin 0.1 04 1
v=1.02ms"! Al 3
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5 (i) EITHER: AKE = —;x 650 x(352 -152) B1 For correct unsimplified expression
APE = 650g x 400 sin 5° Bl Sign of change not required
400 T = 325000 — 222073 M1 For equating work and energy change
T=25TN Al
OR: a=32 1% s Bl F t unsimplified ion f
: =—xa00_ - or correct unsimplified expression for a
T +650gsin5° = 650a M1 For 3-term NII equation || slope
Al Correct equation
T=257TN Al
" .. . H '
(ii) Driving force at Q is 3; B1 For any correct statementof * P = Fv
H . .
= -§S—+ 650g sin 5° Ml For 3-term force equation || slope at 0
Al Correct equation
Hence H =12069 W ie. 12.1kW Al Given answer correctly shown
H . .
-1?+ 650g sin5°—900 = 650a Ml For 4-term NII equation
a=0.707ms™2 Al
6 (i) EITHER : Moments of weight components are:
W cosB x4a (anticlockwise) B1
W sinB xa (clockwise) B1
Hence total anticlockwise is
Wa(4cosb —sin 6) Bl Given answer correctly shown
OR : Horizontal distance G-D is Ml For using horizontal projections
—asinf + 4acosb Al Correct expression
Hence anticlockwise moment is
Wa(4cos6 - sin 6) Al Given answer correctly shown
OR : Horizontal distance G- D is
J(4a)? + a? cos@ + a) where tana =1|BI
Anticlockwise moment is
Wx-/17a2%cose ~J=sin 9) Ml
i.e. Wa(4cosb —sin 6) Al Given answer correctly shown
(ii) Wa(4cos@ —sin6) =R x8asinf Ml For moments equation about D, using (i)
Al Correct equation
R, =%W (4cotb 1) Al For correct answer, in any form
(iii) Rp=W Bl
FD = RA Bl
u= %—:l Ml For use of F = UR in equation involving 6
Hence tané = G+l Al For showing given result correctly
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7 (i) EITHER: 100=150¢—4.92 M1 Foruseof s=ut + %at2 vertically

Al For correct equation
t =150;982(& Ml For any solution method
TimetoCis 29.9 s Al
x =300co0s30°%x29.9 M1
BC =x-1000 = 6780 m AW
. X 9.8x . . . _
OR: 100 = W - m M1 For trajectory equation with y =100,
V =300, 6 =30°
Al For correct unsimplified equation
x = 7776 Ml For any solution method
Hence BC =6780 m Al
x
1= ———
300 cos30° Ml
=299s . AWV 6
9.8 x 10002
(ii) 100 =1000 tan — 307 (1 +tan? 6) M1 For trajectory equation with y =100,
x =1000, ¥ =300
Ml For use of sec’6 =1 +tan28
49tan?0 —900tan 6 +139=0 Al Correct simplified quadratic
+ o002 —
tanf = 200+ 90;)8 21244 M1 For any solution method
Ml For taking arctan of the smaller root

6 =9° Al 6
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