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14 Two rigid steel beams XY and YZ are fixed at their lower ends and are hinged at Y. Each beam is

inclined at 50° to the horizontal, as shown. A weight of 4.0 x 10*N hangs from Y. The structure is
in equilibrium.
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What is the force exerted by each beam on the hinge at Y?

A 26x10*N B 3.1x10°N C 52x10*N D 6.2x10°N
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11 A car of mass 750 kg has a horizontal driving force of 2.0 kN acting on it. It has a forward
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horizontal acceleration of 2.0ms A=2ms* F - Mo
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11 A single horizontal force F is applied to a block X which is in contact with a separate block Y as

shown. ;x:i > o ON 2015 fi1L
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The blocks remain in contact as they accelerate along a horizontal frictionless surface. Air
resistance is negligible. X has a greater mass than Y.

= o~
Which statement is correct? F WS

F 28
K. The acceleration of X is equal to force@divided by the mass of X.  +my

The force that X exerts on Y is equal to F.
The force that X exerts on Y is less than F.

D The force that X exerts on Y is less than the force that Y exerts on X.
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2 (a) Statethetwo conditions for a system to be in equilibrium.

(b) A paraglider P of mass 95kg is pulled by a wire attached to a boat, as shown in Fig. 2.1.
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Fig. 2.1

The wire makes an angle of 25° with the horizontal water surface. P moves in a straight line
parallel to the surface of the water.

The variation with time t of the velocity v of P is shown in Fig. 2.2.
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(i) Show that the acceleration of P is 1.4ms™ at time t=5.0s.

gvaal'r b-Y-b
daill
g-4
-2
(2]
(i) Calculate the total distance moved by P from time t=0to t=7.0s.
distance = ......ccccvevvieenenn. %“5— ...................... m [2]
(iii) Calculate the change in kinetic energy of P from time t=01o t=7.0s.
OKE - lm(v"—u”)
2
L(as) 48" -y.c>
L (as)38" - u.07)
2612 J change in kinetic energy = .......... 31093‘ ................................ J[2]
(iv) The tension in the wire at time t=5.0s is 280N.
Calculate, for the horizontal motion,
1. the vertical lift force F supporting P,
S e R I W N [3]
2. the force R due to air resistance acting on P in the horizontal direction.
2 R ——ry T .3 o 1 [ @ P8 N [3]
[Total: 14]

© UCLES 2017 9702/21/M/J17 [Turn over



8

3 A small remote-controlled model aircraft has two propellers, each of diameter 16 cm.
Fig. 3.1 is a side view of the aircraft when hovering.
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Fig. 3.1
Air is propelled vertically downwards by each propeller so that the aircraft hovers at a fixed
position. The density of the air is 1.2kgm™3. Assume that the air from each propeller moves with
a constant speed of 7.6ms™! in a uniform cylinder of diameter 16cm. Also assume that the air
above each propeller is stationary.

(a) Show that, in a time interval of 3.0's, the mass of air propelled downwards by one propeller is

= 2% TU{p.eB)’x(7-6)
an = 0.183 1‘5 gl

= B
AE
AmzD:185%3
= 055K - 3]

(b) Calculate:

(i) the increase in momentum of the mass of air in (a)

AP: /yVLCV—H)
= O'Sg (7.@ —O>
= U3 ~
| increase in momentum = ........cccccocov.e. b( [8— ...... *Z . Ns[]

(ii) the downward force exerted on this mass of air by the propeller.

RGINES
At
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(c) State:

(i) the upward force acting on one propeller

(ii) the name of the law that explains the relationship between the force in (b)(ii) and the
force in (c)(i).

(d) Determine the mass of the aircraft.
/IIU = f4"’|' 1'4’
wg = 2%

me 22 m =0-285 0.29
2-31

(e) In order for the aircraft to hover at a very high altitude (height), the propellers must propel the
air downwards with a greater speed than when the aircraft hovers at a low altitude. Suggest
the reason for this.

(f) When the aircraft is hovering at a high altitude, an electric fault causes the propellers to stop
rotating. The aircraft falls vertically downwards. When the aircraft reaches a constant speed
of 22ms™1, it emits sound of frequency 3.0kHz from an alarm. The speed of the sound in the
air is 340ms™.

Determine the frequency of the sound heard by a person standing vertically below the falling
aircraft.

freqUENCY = .oooiiiiii e Hz [2]

[Total: 11]
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