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1 A cruise ship departs from a jetty and sails 12.0 km due north in 8.0 minutes. It then changes
direction and sails due east at a constant speed of 40.0ms™ for 10.0 minutes.

(@) Show that the average speed of the ship for the entire journey is 33 ms™.

Akm = 13000m

40 Y(IO){GD): 24 000-»,//
+ota)  distine 4ravelled 12090 F 2 oco

—+0 tul -+nme taken Exb0 + 0x g0

33.3ms” (3s0)
=33 ,,.5" {29{2/[3] 3

(b) (i) Fig. 1.1 shows the displacement of the ship in the northerly direction drawn to scale.

V)

Scale: 1.0 cm represents 4000 m N

4. 0km %

12.0 km
> resyl4ant

o Sp loveyaprt
(6-Tem)

Fig. 1.1

On Fig. 1.1, complete the scale drawing to show the displacement in the easterly
direction and the resultant displacement of the ship.

Use your drawing or otherwise, determine the magnitude of the resultant
displacement and the angle between the resultant displacement and north.

(eSuant displaemint = 6. 7 ¥ 4000
< 256800,
5 24 = 26-8 km
tan 0% 12 X 27km (252)
s'
6 = tan (l) resultant displacement =

=:63-4°(3:4¢)
Fotd N

.............................................
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(i)

3

Calculate the magnitude of the average velocity of the ship for the entire journey.

goere 3t olisplremtntf
Average velocity = —+ime
26-3y/ooo
W e R 2485 mls = 25m[s
60+ lox 60 (35-0) s

average velocity = )5 m[s (254 )

[Total: 7]
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Fig. 2.1 is the displacement-time graph for a skydiver who jumps from a balloon at time t =
2500
2000 Pz
displacement / m - A
1500 T
1000 -
500
0=
0 8300 8 20028 30 B8 .40 " 45 50
time/s
Fig. 2.1
(a) The first part of the graph shows the motion of the skydiver from when he jumps until he
reaches terminal velocity.
(i) Describe the motion of the skydiver betweent=0and t=15s.
T seqiver \ocingy__in. e positive  dittctiop,  with i
- . q 1
Jeloeidy.. L 00eing.. oL an.. Jaomeie D) o ARRALHY..... AR.... L SRR LS

i 'Qr(qqu‘ﬁm . ‘ : -
(i) Explain the motion of the skydiver between ¢ = 0 and f = 15 s in terms of the forces
acting on him.

ﬁOM O-((‘)s

(b) Using Fig. 2.1, determine the terminal speed of the skydiver.

[400- (000
‘/ 50wm)s

33-2/5/ *

terminal speed= 50 sifs /-

[Total: 6]
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Ketchup does not flow easily. Shaking the glass bottle when tilted helps to get ketchup out,
as shown in Fig. 3.1.

(@)

shaking

glass bottle

ketchup

Fig. 3.1

Explain, using Newton’s first law, how shaking the bottle helps to get ketchup out.

Do Ao, Vewtons... Siest. law.
Q.0 TEMn | af | constint. welocid

LD shokim ot AW bortflp. . as... AS....on...extoal.. 06 2 ehatgiy... fo..
ol an. . b e Cheponn. 0. 5 :e.s..l‘...:fn.'...a.‘.’.ﬁuy....,.a.:/.;f ...... ! T A e, (2] l

borle-
(b) Evaporated milk in a tin can flows out slowly through a small hole in the lid, as shown in
Fig. 3.2. When a second hole is punched, air can enter the can more easily, causing the milk

to flow out more quickly.

second hole

evaporated
milk

tin can

Fig 3.2

Using ideas of pressure, explain why evaporated milk flows out of a tin can more easily when
there are two holes in the lid.

‘f'hrdvﬂh

~+o  ondpr, the “Hin  con.
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A stone of mass 0.30 kg is thrown horizontally at a speed of 8.0 m s™* from the top of a cliff
height 45 m. The stone follows along a parabolic path and reaches point P, which is 32 m above
the ground, as shown in Fig. 4.1.

Air resistance is negligible. The gravitational field strength gis 10 N kg™.

8.0ms™
B —
/ A o
/ Cllff \\\\ path Of
// A / stone
o <
\‘ P
45 m by
\
\
\
32m
v
Fig. 4.1 (not to scale)
(a) State.the principle of conservation of energy.
.Tw.....pf."nﬁp).t....n!.....cms.e.r.v....tm....m‘....@mw ..... S o 0L 21LIOY.....CONNLE . K
leated. nod.... A8 droymy.....on k... DBt BN 8l SO, K EOCNE
e N8 QSHOm. HO.... Oother L dota | AMeGy.. it i30 50 21/
SyStm  i> (ongfynrt- :
(b) (i) Calculate the kinetic energy of the stone at the top of the cliff.
= 1y
RE 3 my
=
1 (0.20) (%0
=q.6J "
kineticenergy= 9.6 J A ... 2 L
(ii) Calculate the loss in gravitational potential energy of the stone as it moves from the
top of the cliff to point P.
GPEz m 9 h
= [0.30)( 10) (45-32)
R LB

a5

loss in potential energy =

//}})
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o, ' (iii) Determine the speed of the stone at point P.
®

2
..’::'Z'MV

K E

Q.6 +39 = 5(0.307\/1

8- %4 =%3
l/l_: 324 speed =
vz wm|s

5 Fig. 5.1 shows a laboratory freezer.

copper pipe

.......

[Total: 7]

Fig. 5.1

The door is closed and the freezer is switched on.

e
— R

S \

&

thick insulation

A cold liquid is pumped through the copper pipe at the top of the freezer.

The temperature of the air next to the copper pipe decreases quickly.

(a)
This

Explain how the temperature of the rest of the air in the freezer decreases.




(b)

8 ©

The thick insulation shown in Fig. 5.1 is made from a plastic material.

(i)

(i)

The plastic material in the insulation is a poor thermal conductor.

Using ideas about particles, describe how energy is transferred through the plastic
material.

!
...I‘)L....yz!azti.c.....ma?kr.i.@!....is.....s.....sﬂ.(m'.;....m.e’!v.i." ..... (t3.....partides.. ary.... Gxd......

0 Bl . A0l Yy... Oy Wik iy, AT 8. Prael po7 om0

kinei(,. gy, ibrotes | morl . /vigovs

.....................................

Snster.....nengy ... poctios... with....me el

bomping...imhe.... e neighbexci). phchcces...,. FAM ... S, Fonete, (2] /L

tnergy e Fhoge orteles  which wn Auen  ciberles meoce A ooursly ond  bumps
The Jlas

tic material al conta‘lsnda large number of small air bubbles. tnty 45 neighb oveny

articlg - Bty
Explain how the air bubbles reduce the transfer ,of thermal energyPthroug theﬂ: h)

insulation.

[Total: 6]



9

Fig. 6.1 shows a sealed cylinder with a piston of area 2.0 cm? that contains air.

sealed end

piston of area

_2oend |

N

air

Fig. 6.1

When a force is applied to the piston, the length d changes from 6.0 cm to 4.0 cm. The pressure
of the air increases but the temperature stays constant.

(a

(b)

(c)

Describe how the molecules pf the air exert a pressure.

(8. QDR AYOXS. ... 20000, ... 0 FHON......... RIS s Th...
NWMJ(
o BN HEL ... Qoatortiny... ... FRiel. N N COr.c.c....
wmolt.cotB..... divioleed..... by.... T orea... od.... .

........... Y ORIV N i it iRtanitinsaiinannasbbnnnsnssnninn

Using ideas about molecules, explain why the pressure increases even though the
temperature remains constant. ﬁ

pwlechey o

This.ds. hecase . u... A N TR 77 ST LY B0 . AR ALY (N

- SO A & { -

e merwalls e R Ol o R number 0SS, Qereesim 2] H(

a B“g&u\ bore .

(0w binsd

Calculate the final pressuré of the air.

5
Loy 100 &

Pgm\ Pr(QSV‘ R

-

-
-

B x s
(50000P
50X

with iy

The initial pressure of the airis 1.0x10° Pa.

Por

fi

omaller  orea;
(neredse  in preSSure.

| pressure =

iS emm Crafd on

[Total: 6]
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Fig. 7.1 shows a wind turbine with a blade radius of 50.0 m. When the wind blows directly towards
the turbine at a speed of 15.0 m s™', the blades spin and the generator connected to the blades

generates electrical power.

(a)

(b) The kinetic energy £ of the wind blowing at a wind turbine for time ¢ is given by the equation
E= 17rr2v3pl‘
2
where r is the blade radius, v is the wind speed and p is the density of air. Take = = 3.142.

()  The density of air is 1.25 kg m™.

~Calculate the kinetic power P of the wind.

:3’(3-'4—1)(50)) [15)3((_ )+

[}l

[ 7 o6o00o 00 t [ls—?-)

M 1.7 0

]

E

i

= P
+

E
i

P= [Txt0’wW
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57, 11 A b
%@0’ (ii) The average electrical power generated by the turbine is 3.03 MW.

Calculate the efficiency of the turbine.

3- 03 mw = 3 .nglobw

2.03x10°
.7x (o0’

> (8% (3e)  efcency= (876 (s’ &)

[Total: 5]

E tdeng = x100/%/,
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8 A student investigates the specific heat capacity of water using the apparatus shown in Fig. 8.1.

water temperature 38.8 °C

heating coil +
+ \ tube

water temperature 35.0 °C

Fig. 8.1
Water enters the thin glass tube at a constant temperature of 35.0 °C. The power of a heating coil

and the mass flow rate, which is the mass of water flowing through the tube per unit time, are
\ varied such that the output temperature is always 38.8 °C.

Fig. 8.2 shows how the mass flow rate AA—T of water varies with the power P of the heating coil.

6

0 20 40 60 80 100
PIwW

Fig. 8.2
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.CP /’l
s / :
/(@) (i) Define specific heat capacity.

(ii)  Using Fig. 8.2, determine the power of the heating coil when the mass flow rate of
wateris 4.0g s™.

(iii) Assuming no energy is lost to the surroundings, use your answer to (a)(ii) to
determine the specific heat capacity of water. Give your answer in Jg™' K.

2 -0
oparclitnt = q(;_o g2 1]

— 0.0b2S I

F- speqfic  hew Hy =
i y Gpocity m
A4 = 0-625 P

= 0 .26 /(234)
4 =0625(64) X

43 58T specific heat capacity = O-2¢b )@1 K™ [2] O

The tube is surrounded by insulation (not shown on Fig. 8.1) to reduce energy loss to
the surroundings.

On Fig. 8.2, sketch a graph to show the variation of mass flow rate A—T with power P

when the insulation is removed. 21 O

(b) Now, water at 100 °C enters the tube and begins to boil.

(i) Describe the change in the spacing between the water molecules during boiling.

(1]

(i) The volume flow rate is the volume of water flowing through the tube per unit time.

Explain why the volume flow rate of water is much smaller than the volume flow rate
of steam if both water and steam have the same mass flow rate.
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Fig. 9.1 shows a stationary lift of 2000 kg supported by a cable that is connected to a motor.
Fig. 9.2 shows a man of mass 72.8 kg standing inside the lift.

The gravitational field strength g is 10 N kg™".

motor -} @

A normal
rordect

fotce

s e cable
- 8
weignt
Fig. 9.1 (not to scale) Fig. 9.2
(a) On Fig. 9.2, draw and label the forces acting on the man inside the lift. [2]

(b) When the motor is switched on, both the lift and the man accelerate upwards uniformly at
1.20ms™2.

(i)  Calculate the resultant force acting on the man.

wtights 73 Fyt+o—— JOQ N
F=my

= (728 (10-1.20) X |
S L4 0N (20 aranorce=_bAON X @

(i) Calculate the magnitude of the force exerted by the lift on the man.

4]



(c)

15

(iiﬁ alculate the distance travelled by the lift in the first 5.0 s.

B
After the man exits the lift, the lift accelerates downwards at 10 m s2.

State the tension in the cable.

R
o |

tension =

[Total: 10]
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Section B
Answer one question from this section.

10  Fig. 10.1 shows a student of weight 584 N at rest in a push-up position on the ground. The centre
of gravity (CG) of the student is 0.840 m from his feet and 0.410 m from his hands.

Y

<
“1

0.840 m 0.410 m

Fig. 10.1 (not to scale)

(a) State what is meant by the centre of gravity.

LTI TP Y-Ce A S LI LY )

|

2 |

(ii) By taking moment about the pivot, determine the total normal force F exerted by the
ground on the student’s hands.

[P Ti— moment = Foﬂ
584 x 0.%4

4 -
SBAX DR Llp = o fO-%4o‘+ 0-410)
| 58410840 = p F, %116

"= 340 N (2st)
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(iii) Determine the total norma@ F: exerted by the ground on the student's feet.

er F‘P = Fd
= F(0)

(iv) The student shifts his CG slightly forward and closer to his hands without moving his
hands and feet on the ground. He remains at rest in the new push-up position.

State and explain what happens to{+ and F.

L
.............. T wan  clockwise  moment. . .o#. . by..

..........................................................................

The student does 20 push-ups. For each push-up, the student applies an average force of

(c)
600 N as he pushes up a distance of 0.50 m.

Calculate the total work done by the force.

Work @donp = e Lorcg v dAisplatmert 360 ydO= 6000_]_

= p00X0-5
3007 ‘

[Total: 10]

total work done = | X%
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18 A
1 small glass measuring cylinder of oil is placed inside a freezer where the temperature is —18°&
\
Fig\ 11.1 shows how the temperature of the oil varies with time ¢. \
|
v
temperatur )
\
\
\
0 \
0 \‘ 2000 4000 6000 8000 10000 12000 14000
K AN t/s
[\ N
\ \\\
_10 ‘\ ™~

(b) Explain what happens to the molecules of the oil angd what happens to the level of the oil in
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(c) \&sing ideas about molecules, explain why the temperature does not change between
tKGOO s and t = 10 800 s, even though energy is lost by the oil.

(d) There is 45 g of oil in the glass measuring cylinder and the specific latent heat of fusion of
the oil is 5.7x10* Jkg™.

Calculate the energy transfer;é from the oil between t = 3600 s and £ = 10 800 s.

.
~

gy B iy Al s (2]
(e) After t =20 000 s, the temperature of the oil remains constant.
Explain why. \\\\
G e e e R )
\\ [Total: 10]

--- End of Paper ---



