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A block is being pushed in a straight line along horizontal ground by a force of 18 N inclined at 15° below
the horizontal. The block moves a distance of 6 m in 5s with constant speed. Find

(i) the work done by the force, [3]

(ii) the power with which the force is working. 2]

A car of mass 1500kg travels along a straight horizontal road. The resistance to the motion of the car is

vz N, where vms ! is the speed of the car and k is a constant. At the instant when the engine produces a
power of 15000 W, the car has speed 15ms~! and is accelerating at 0.4ms 2.

(i) Find the value of . (4]
It is given that the greatest steady speed of the car on this road is 30ms~!.

(ii) Find the greatest power that the engine can produce. [3]
A particle 4 is released from rest from the top of a smooth plane, which makes an angle of 30° with the
horizontal. The particle 4 collides 2s later with a particle B, which is moving up a line of greatest slope of
the plane. The coefficient of restitution between the particles is 0.4 and the speed of B immediately before
the collision is 2ms~!. B has velocity I ms~' down the plane immediately after the collision. Find

(i) the speed of 4 immediately after the collision, 4]

(ii) the distance 4 moves up the plane after the collision. [2]

The masses of 4 and B are 0.5 kg and m kg, respectively.

(iii) Find the value of m. [3]
D 6cm C
6cm
D B

A uniform square lamina ABCD of side 6 cm has a semicircular piece, with 4B as diameter, removed (see
diagram).

(i) Find the distance of the centre of mass of the remaining shape from CD. [6]
The remaining shape is suspended from a fixed point by a string attached at C and hangs in equilibrium.

(i) Find the angle between CD and the vertical. [2]
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2.5m

60°

A

A uniform rod AB, of mass 3kg and length 4m, is in limiting equilibrium with 4 on rough horizontal
ground. The rod is at an angle of 60° to the horizontal and is supported by a small smooth peg P, such that
the distance AP is 2.5m (see diagram). Find

(i) the force acting on the rod at P, 3]

(i) the coefficient of friction between the ground and the rod. [5]

6  Anparticle of mass 0.5kg is held at rest at a point P, which is at the bottom of an inclined plane. The particle

is given an impulse of 1.8 N's directed up a line of greatest slope of the plane.

(i) Find the speed at which the particle starts to move. 2]
The particle subsequently moves up the plane to a point O, which is 0.3 m above the level of P.

(ii) Given that the plane is smooth, find the speed of the particle at Q. 4]

It is given instead that the plane is rough. The particle is now projected up the plane from P with initial
speed 3ms~!, and comes to rest at a point R which is 0.2m above the level of P.

(iii) Given that the plane is inclined at 30° to the horizontal, find the magnitude of the frictional force on the
particle. [4]
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7 A nparticle is projected with speed ums™! at an angle of 6 above the horizontal from a point O. At time ¢ s
after projection, the horizontal and vertically upwards displacements of the particle from O are xm and ym
respectively.

(i) Express x and y in terms of # and 6 and hence obtain the equation of trajectory

2 an2
gx“sec” O
—

y = xtan6 — 5
" [4]

In a shot put competition, a shot is thrown from a height of 2.1 m above horizontal ground. It has initial
velocity of 14ms™! at an angle of 6 above the horizontal. The shot travels a horizontal distance of 22m
before hitting the ground.

(ii) Show that 12.1tan’6 — 22tan6 + 10 = 0, and find the value of 6. [5]

(iii) Find the time of flight of the shot. 2]

A conical shell has radius 6 m and height 8 m. The shell, with its vertex J downwards, is rotating about its
vertical axis. A particle, of mass 0.4 kg, is in contact with the rough inner surface of the shell. The particle is
4m above the level of V' (see diagram). The particle and shell rotate with the same constant angular speed.
The coefficient of friction between the particle and the shell is 4.

(i) The frictional force on the particle is F'N, and the normal force of the shell on the particle is RN. It is
given that the speed of the particle is 4.5ms™!, which is the smallest possible speed for the particle not

to slip.
(a) By resolving vertically, show that 4F + 3R = 19.6. [2]
(b) By finding another equation connecting F and R, find the values of F and R and show that
1 = 0.336, correct to 3 significant figures. [6]
(i) Find the largest possible angular speed of the shell for which the particle does not slip. [6]
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4729 Mark Scheme January 2013
Question Answer Marks Guidance
1 | (@) M1 Force component x distance
18cosl5 x 6 Al
104 ] Al
[3]
1 | (i) 18cos15 x 6/5 or ans(i)/5 M1 Force component x distance/5
209 W Al Allow 20.8
[2]
2 () DF = 15000/15 B1
M1 N2L, 3 terms and attempt at DF.
DF — kx 15" =1500x 0.4 Al | Numerical DF
k=103 Al | Allow ¥V1%
[4]
2| (ii) M1
P/30 = k30" Al Using cv(k)
P =17000W Al Allow 17(.0)kW, 16900W,
3] 16.9kW, 12000N2W
3 1@ a = gsin30 Bl
M1 Using NEL with ua from cv(a), ua
1+u = 0.4(2+2gsin30) Al #0
u=3.72ms" Al CWO
[4]
3 | (ii) Use v* = u” — 2(gsin30)s M1 | Using v =0, cv(a) from (i) or
s=141m Al correct a
[2] SC If a not found in (i), allow a=g
for M1AOQ.
3 | (iii) Use of conservation of momentum M1 Using cv(a)
0.5 x 2gsin30 - 2m=m - 0.5 x 3.72 Alft ft cv(u) from (1)
m= 2.25 Al Aef(raction) eg 2 s or 1%/
[3]
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4 | (@) (2 x 3sin(n/2))/(31/2) or equivalent Bl Centre of mass of semicircle; 4/n
M1 Table of moments idea about any
3x6° Al | axis.
—(nx 3%2)x (6 - 4/n) Al
= (6> -1 x 3%2)xg Al
Xg = 1.88 cm Al
[6]
4 | (ii) tan0 = 1.88/3 M1 Attempt at a relevant angle
0=32.1° Alft | allow 180-0 & radians (0.561 or
[2] 0.560)
5 (@) Use of moments M1 Trig with 3g, no trig with R unless
2.5R =3gcos60 x 2 Al using 2 components.
R=11.76 N Al
[3] Allow 11.8
5 | (i) M1 Resolve vertically, 3 terms, comp
R’ + Rcos60 = 3g Alft (R).
F = Rcos30 Blft Using cv(R)
Use F=puR’ M1 Using cv(R)
n=0.433 Al Not R’ = 3g for method
[5] Allow 0.435 from use of R=11.8
6 | () Use [=mv M1
3.6ms” Al -3.6 gets A0
2]
6 | (ii) +(%x0.5%3.6"-%x0.5x V) Bl
0.5xgx03 Bl
Use of conservation of energy MIl Three terms
v =2.66ms" Al
[4]
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OR a = -gsin0 Bl 0 angle of plane to horizontal
s =0.3/sin0 Bl
Use v = u’ + 2as Ml a#-g,s#0.3.
v =2.66 ms Al
6 | (iii) M1 Difference of KE and PE
Change in energy = +('2 x 0.5 x 3*- 0.5 x g x Al
0.2) M Attempt at 0.2/sin30 for dist, 3
Equate to force x distance Al terms
3.175 N Allow 3.18
[4]
OR . 2_ 2
Using v- =u” + 2as to find a M1 _ B )
Resolve parallel to plane M1 g;iv B (Oi, at.ti:lmpt ?{ 52;05/ sin30
0.58c0s60 + F = 0.5 x cv(11.25) Al used with cv(11.25), 3 terms
F=3175 Al Consistent signs
Allow 3.18
7 | (@) X =ucos0 t Bl
y = usin® t — Yagt’ Bl
Eliminate t M1
Get y = xtanf —gx“sec’0/2u” [AG] Al www
[4]
7 | (i) Substitute x =22,y =-2.1 and u = 14 M1 May start again of course
Use sec’ = 1 + tan’0 B1
Tidy to 12.1tan’0 — 22tan® + 10 = 0 [AG] Al WWW
Solve QE for tanf Ml allow in radians (0.738)
0=423 Al
[5]
7 | (iii) t=22/14cos0 Ml May work vertically, but must solve
t=2.12s Al for t to get M1
2]
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8 | () |(a|0.8F+0.6R=04g M1 Attempt to resolve vertically
4F + 3R =19.6 [AG] Al WWW
[2]
8 () | (b M1 Attempt with three terms.
0.8R — 0.6F = 0.4 x 4.5%/3 Al aef including cos, sin correct angle
Solve for R or F M1 Use 2 relevant resolutions.
F=1.516 Al
R=4.512 Al
Use u=F/R to get u=10.336 [AG] BI
[6]
8 | (ii) M1 Resolve vertically, three terms
0.6R - 0.8F = 0.4¢g Al
R=11.8or F=3.98 Al
M1 N2L, resolve horizontally, three
0.8R+0.6F=0.4x3x Al | terms
®=3.14rads” Al
[6]




