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Answer all the questions

A clock is driven by a 5kg sphere falling once through a vertical distance of 12(cm over 2 days.

Calculate, in watts, the average power developed by the falling sphere. [4]

Fowwt - v:g_lﬁ - 5x9.8x ). 2
T 2 293 ° O.000340 W (’.’HZ.)

A triangular lamina, ABC, is cut from a piece of thin uniform plane sheet metal. The dimensions of ABC
are shown in Fig. 2.
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Fig. 2

This piece of metal is freely suspended from a string attached to C and hangs in equilibrium.

Calculate the angle of BC with the downward vertical, giving your answer in degrees. [5]
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Solid toy aeroplane nose cones of various sizes are made in the shape shown in Fig. 3.1, where OA is its
line of symmetry.

Fig. 3.1

The air resistance against the nose cone as the aeroplane flies through the air is initially modelled by
R =krvnwhere R is the air resistance, r is the radius of the circular flat end of the nose cone, v is the

velocity of the nose cone, ) 1is the viscosity of the air and k is a dimensionless constant.

(i) Use dimensional analysis to show that the dimensions of nare ML T ~'. [3]

R=kevn D[R] = (r]CvIC7

> ML -
SRR € I RN g BRVIE

12

D L] = ML (Bhowm)

In an experiment conducted on a particular nose cone, measurements of air resistance are taken for
different velocities. The viscosity of the air does not vary during the experiment. The graph in Fig. 3.2
shows the results. Measurements are given using the appropriate S.I. units.
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(i1)) Comment on whether the results of this experiment are consistent with the initial model. [3]
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It is now suggested that a better model for the air resistance isR = Krv r{ﬂj , where pis the density of
n

the air, K is a dimensionless constant and R, r, v andn are as before.

(iii) (A) Find the dimensions of ‘W 2]

R - krvq (/>r¢>
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—Y] =
(B) Explain why you cannot use dimensional analysis to find the value of o [1]
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4 Fig. 4 shows a thin rigid non-uniform rod PQ of length 0.3m. End P rests on a rough circular peg. A force
of T N acts at the end Q at 60° to QP. The weight of the rod is 40N and its centre of mass is 0.3m from P.

k TN

0.3m 60°

F 0.2m

a~]
e

V 40N

Fig. 4
The rod does not slip on the peg and is in equilibrium with PQ horizontal.

(i) Show that the vertical component of T is 24N. [2]

L@ ) L\O(O 3) = 7 Sn Go (OS)
é)TS,vn Go = Box 0.3

(i1) F is the contact force at P between the rod and the peg.
Find
e the vertical component of F,
e the horizontal component of F. [4]

From (). TSin6o-2% 5 T= 2442 _ 1653 n
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In this question, all coordinates refer to the axes shown in Fig. 5.1.

Fig. 5.1 shows a system of four particles with masses 4m, 3m, m and 2m at the points A, B, C and D. These
points have coordinates (-3, 4), (0, 0), (2, 0) and (5, 4).

4

y
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A [4m 4 D 2m
2
B ’3m CeMm > x
-3 0 2 5
Fig. 5.1
(1) Calculate the coordinates of the centre of mass of the system of particles. [4]

qm('?i,)"' 3w (O>+2m( ) (7- :lcm(

= %)
/M(y”) ) ng)
2 (%,9) = (0, 24)

A thin uniform rigid wire of mass 12m connects the points A, B, C and D with straight line sections, as

X
\/

shown in Fig. 5.2.

> <
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-3 0 2 5
Fig. 5.2
(i1) Calculate the coordinates of the centre of mass of the wire. [4]

Py ey 3

C oM 5, AB = CaﬂégCD )’Q:Z
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The particles at A, B, C and D are now fixed to the wire to form a rigid object, R.

(iii) Calculate the x-coordinate of the centre of mass of R. [2]

(12mstom) 5 = [Om(0) + 12m(1)
ZZW\’; = ]ZW\

~n = %1

=

6 A sack of beans of mass 40kg is pulled from rest at point A up a non-uniform slope onto and along a
horizontal platform. Fig. 6 shows this slope AB and the platform BC, which is a vertical distance of
12m above A.

B platform C

chute
12m

Fig. 6

(i) Calculate the gain in the gravitational potential energy of the sack when it is moved from A to the

platform. — o in jPe— - mjlf\ [1]

= Ao A3 x1
= LFOMT

————

The sack has a speed of 4ms ' by the time it reaches C at the far end of the platform. The total work done
against friction in moving the sack from A to C is 484]. There are no other resistances to the sack’s
motion.

(i) Calculate the total work done in moving the sack between the points A and C. [3]

lobad work = L kg +1GPE + W oSt 6r,‘ o~



T
= ‘/2 x LfO\( b4 + L'7OL‘ + L(SI'I PhysicsAndMathsTutor.com

= 65087

At point C, travelling at 4ms ', the sack starts to slide down a straight chute inclined at a to the horizontal.
Point D at the bottom of the chute is at the same vertical height as A, as shown in Fig. 6. The chute is rough
and the coefficient of friction between the chute and the sack is 0.6. During this part of the motion, again
the only resistance to the motion of the sack is friction.

(iii) Use an energy method to calculate the value of o given that the sack is travelling at 3ns™' when it

reaches D. o = (2 [7]
N
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D X=- 3Rp.2°

For safety reasons the sack needs to arrive at D with a speed of less than 3 m s'. The value of o can be
adjusted to try to achieve this.

(iv) (A) Find the range of values of a which achieve a safe speed at D. [1]
/] spead ot end = 0.
282> 4Gt = ATOH * 320
Dt = O- 561§
D o = .29.3°
- 293 <4< 30D.2°

(B) Comment on whether adjusting o is a practical way of achieving a safe speed at D. [1]

I€ s not practcal ,Zq__w o '/'owT-r_ 7)
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Rose and Steve collide while sitting firmly on trays that are sliding on smooth horizontal ice. There are no
external driving forces. Fig. 7 shows the masses of Rose and of Steve with their trays, their velocities just
before their collision and the line of their motion and of their impact.

Immediately after the collision, Rose has a velocity of 0.28ns ™' in the direction of her motion before the

~ Before :
. 14ms" 0.6ms™’

—\— > «—

collision.

Alter : 0.28> V>
1g. 7

(1) Find Steve’s velocity after the collision. [3]

PCUM 14 (56) -~ 0. ¢(6n) = 0.28 (%) v (g4
D TeH-384 = (5. 4% ¢ cuv
= 24 32= Ghy

_-—B Vi:038m™
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T v = O-3 8 me ! -l-o “He
V\'JN"
(i) Find the coefficient of restitution between Rose and Steve on their trays. [2]

C = spud Kputtion 9033_0.23 - e
Spard oyppronck ~0.6- -4
S e+ 0-05
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Shortly after the collision, Steve catches Rose’s hand, pulls her towards him with a horizontal impulse of
4.48N's and then lets go of her hand.

(ii1) Calculate Rose’s velocity after the pull. [2]

Tz=m(v-wn)
#48= 5¢ (v-0 28 )

V= H.oyg #Q,zg = 0.3C wis-!
S ¢ — —

W

?

When they collide again they hold one another and move together with a common speed of Vs

(iv) Calculate V. [3]
—+
- Stort | A 0-6
o= 2%
L ;

B O—> V
12(,3

PCM BG(I-A)- 6‘4(0:,6)‘- 12 0\
5-') o= 26V

D V= 1 me -~
3

)

(v) Why did you need to know that there are no driving forces and that the ice is smooth? [1]

[ Hul «&c/u_a}( et 48
eBneri o .

END OF QUESTION PAPER
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