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SECTION A : Short Answers
Marks Allotted: 54 marks out of 180 (30%). Attempt ALL 14 questions in this section.
Answers are to be written in the spaces provided.

QA1l. [6 Marks]
A person is flying a kite in a brisk wind.

The kite Is hoiding a steady (stationary)

position as shown in the diagram. Wind direction
———

i

The forces acting on the kite are resolved |

into four parts. 1
The horizontal drag (D), the weight (W), "l'
the vertical lift (L}, and the force due to

tension in the string (T).

The mass of the kite is 408 g RELATIVE
MAGNYTUDE
The magnitude of the drag equals that of the lift, and
the magnitude of the lift is twice that of the weight. TI77777 /7777777777 77777777777
{2 imarks)

1a) Draw a free-body diagram to illustrate the forces acting on the kite (use the diagram above).

1b) Carefully construct a scale diagram showing the vector addition of the forces, and hence
graphically determine the tension in the string.

P
No caALcuiA Tod REPUVIRED '. L i B

LET W= M.q

"

0:-408% %x9.%
= 4o

LET (N = lem Scale
simee $F 7o

T2 2 N (arrrx)
& = €o°

A TeNSwoN of 4 n
AT ~ £o° From VERTCAL

+ SCALE
+ DIAGRAM
» MAGNITUDES

. RECTiom
o ° (4 marks)
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QA2. [4 Marks]

Antique decanters used for serving drinks on sailing vessels were often shaped with a broac thick
glass base? Explain, with the aid of diagrams, how this ensures their stability when the ship rolls.

QA3. [4 Marks]
In a rescue, a 73 kg policeman is suspended by two cables as shown.

Determine the tension in each cable.

(A vector diagram may be helpfu!)

USING SiNE ROLE !}

Fw RY _ T
_ THEN  5ing3° T Smese | EmArc.. ..
B - -
L] -—
s T sin 83°

Swn 88°

S\n 3315

------------------------------------------------------------- (4 marks)
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QA4. [4 Marks]

A car of mass 935 kg is travelling at a constant speed of 25.0 ms™ over a bridge. The bridge is

shaped like an arc of a circle. At the top of the bridge the driver senses that the car is temporarily
airborne at the instant he passes over the top of the curve.

4a) What is the centripetal force acting on the car . i
at the top of the bridge? 7 an
o « =
_——
_The REACTion 15 _2ewme (mrBomee) —~ \\
Aridge
. Fe = K4 Fu
LA S
= 935 x 9-% r
= Q-6 ,x\oa N (pow w waARDS)
"""""""""""""""""""""""""""""""""" 12 marks)
4b) What is the radius of the bridge?
L
______ swee Fe 2 MR \
MU
A A B e e
___________________ = q3s ,(28)>
q.le xI1s3 T

{2 marks)
QA5. [4 Marks]

Estimate the force of gravitational attraction that you experience towards your favourite Physics
teacher when he is presenting a lesson from the front of the classroom. Compare this force to that
towards a student sitting next to you. Show all the relevant detaii of your estimation.

G. Ny M
My = 80 Ky (Temwer) | | 2 Sl oo
Ms = Toke (stent) | = 66lxwo xTox8o
= _ (5)™ s

My = To¥g (sef) | Fe= Vaxwe ® N ~ 10 N
Sy = 2%tom (swsm)| Fo= g-gTxiol xToxTo
S¢ = 6.50m (o-5)*

________________________________________ - _:-f_-i___=___!::"_.’_‘.‘_?_ﬁ.,_':'.-_u___________.’?___19_'__7_!:*

(4 marks)
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QA6. [2 Marks]

In which geographical direction are satellites launched? Explain why it is advantageous for satellites
to be launched from the equator. (Hint: A diagram may assist your explanation.)

THE ClRCuMPERE™NCE S GREATEST,

QA7. [4 Marks]
Three compasses are placed on a card and aligned close together in Earth’s magnetic fieid, Bg

as shown.
Bg

-------- 006~

The card is then rotated so that the line joining the compasses makes an angle of 20° with the Earth’s
magnetic field.

(2 marks)

7a) Clearly indicate on the diagram, the directions of the three compass needles in this new position.

7b) Briefly justify your choice of directions.

THE COMPASSES ARE MAGNETS AND wiLL EXERT A RRCE prd EACA O THER

So Tuet TEND To ALGN LIiTH eACH OTRER . THE CeNTRAL COMMPASS/MAGLNET
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QAS8. [3 Marks]

A laboratory solenoid consists of 1050 turns. The length of such a solenocid is 16.3 cm with a radius of
2.25 cm. When it carries a current of 4.0 A it generates a magnetic field strength of 0.62 T.

Determine the magnetic flux passing through the coil well inside the solenoid.

NoTE * NoT ALL pATA IS RELENANT 1IN DETERMINING  Tue ANSWER

QA9. [4 Marks]
A wire carrying an electric current is placed between the poles of a horseshow magnet as shown.

The 6.35 cm long conductor carries a
current of 4.8 A and the magnetic field N
between the poles of the magnet has i
a strength of 0.54 T.

9a) On the diagram, carefully illustrate
the resulting magnetic field and the
direction of the force experienced
by the conductor.
(2marks)

A

N

9b) Determine the magnitude of the force experienced by the conductor.
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QA10. [5 Marks]

An aero-plane with a wingspan of 10.0 m s flying horizontally at a velocity of 200 m s, In the region
the plane is flying, the Earth’s magnetic field is 2.0 x 10 T, at an angle of 60° to the horizontal.

10 a) label the diagram to show the polarity of the
induced EMF on each wing tip.

B=20x10T

10 b) What is the magnitude of EMF induced across
the wingtips of the aero-plane?

(USE VERTICAL COMPoNENT of MAGNETIC FIELD)

x F Y
.......................................................... X
______ By = 173 e T %

— C B 10 m
---.CS--.".--.&/_'_IL_& ___________________________________ I %
_________ = I'I3 xto  x 200 x 0.0 *

plan p3
L EF o346 v = 04y (ISF) view % ¥
TerRNaTVELY: £ B .. L. _smme
__________________________________________________________ (4 marks)

QA11. [3 Marks]

Carefully explain how an induction cooker produces the heat to cook the food.

/ CONSTANTLY coaN@GING maGNETie Fled .

= THe CHANGING FIelD WDUCES anl BEMF AND TREREBY

Coorkynib
, \ EDDY CURKRENTS )y THE RASE of ~TwE wienNalL
Mugwrﬂedi bbbl 000 rmmmmmmmmemme e e e e e T R e St e
L il | Do *_DUE To THE_ REISTANCE of The cooriNe LienniL
Top Mt
AR R _Tre (E9DY) CORRENTS INCREASE THe AVERAGE
Ry KINEllc ENERGY A TREREBY The TeMPerqTule
Powarlon 02020 T T TTTTTTTT T TSmO T e et
Mgt e BB e
finduchan) / P 1
s gNce Nipss F 1R Z peat
M | e e
Flevene Gk

(3 marks)
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QA12. [4 Marks]

A Physics teacher set up the equipment shown below to present an important demonstration.

8 8 The time required for a cylindrical rare earth magnet to fall from the
same height in both tubes was measured.

Plastic  Aluminium It was observed that the magnet falling through the plastic tube
travelled much faster compared to falling through the aluminium tube.

Carefully explain this observation in terms of the Physics principles
involved.

pecreASING (TS SPeED, {4 marks)
QA13. [3 Marks] * PLASTic \$ N&T AFPECTED AS 1T S NOT A conbuycToRr .
A transformer for a toy train set plugs into the 240 V mains supply and changes it to 12.0 V.

13a) Is this a step-up or step-down transformer ?

secondary
T lends
Ster-pown (240 7125 I e
(1 mark) ROMACY fdus é - p
: e
13 b) If the primary consists of 360 turns of wire, - (/g _laminated
how many turns will the secondary have? GE = core
Np _ Ve \ :
SCE / Neg - / Vs 1 '
""""""""""""""""""""""""""""""""" pritnary ansd’
TheN Ns = NP . Vs s Crneury coils
............................. VP---“..---H-_.....----_
..................... oo Bsexre
240

____________________________________________________ (2 marks)
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QA14. [4 Marks]

Briefly explain why our electrical energy is an AC supply that is transmitted at very high voltages
between the power stations and the cities where it is used.

e ALTERSATING GRRENT ALLOWS e The

— _.-e; ALLOWS  STeP yf To WEW Vol TAHES wor

End of Section A
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SECTION B : Problem Solving
Marks Allotted: 90 marks out of 180 (50%). Attempt ALL & questions in this section.
Answers are to be written in the spaces provided.

QB1. [16 Marks]
A golfer is approaching the green on the 18th hole in a round of golf as summarised in below.

- -

25.0 m

The green is elevated 1.54 m above his position and the hole is located 25.0 m horizontally away.

Using a lofted club, he strikes the ball at an angle of 63° to the horizontal such that it is launched at
16.0 m s and it flies directly toward the flag (hole).

1a) On the diagram above, carefully indicate with an arrow the relative net force on the ball at points
A, B and C, as indicated. (Assume that air resistance is negligible) (2marks)

1b) Ignoring the effects of air resistance, determine the time of flight of the ball, i.e. how long is the
bali in the air during its flight?

(4marks)
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1c)  Ignoring the effects of air resistance, determine how far from the hole the ball will land.

(4marks)

1d)  Ignoring the effects of air resistance, determine the velocity of the ball when it hits the green.

Vi REMAINS CONSTANT (e T.26 ms™

T T

_____________________________ VoEVea Ve ez K
______________________________ v e oGesYa(se) = SR
_________________________ S N EMsomsT e =2t
_____ e V= 150 msT atbl)® To e weRonNTAL

(4marks)

le)  Briefly describe how your answers to parts ¢) and d) would be different if the effects of air
resistance are taken into account. (Hint: a simple sketch may assist your answer).

TE TME 0F FLIGHT wWouLp B¢ LEesSt
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QB2. [14 Marks]

A person bending forward to lift a load “with his back” rather than “with his knees” can be injured by
the large forces exerted on the back muscles and vertebrae.

To consider the magnitude of the forces involved in such poor lifting practices, consider the following
simplified schematic diagram for a person lifting a 25.0 kg load (L).

Back muscle

The spine and upper body are represented as a uniform horizontal rod of 41.5 kg (W) pivoted at the
base of the spine. The erector spinalis muscle acts at an angle of 12° to maintain the nosition of the
back.

5a) Determine the tension (T) in the erector spinalis muscile while in this position.

Page 17 of 41
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5b) Determine the “compressional” force on the spine (R,) while in this position.

osmeg R = =T , DyRERAM. NITT. REGVIRED

5¢) Determine the magnitude and direction of the vertical component (R,) of the reaction on the
base of the spine while in this position. Comment on this value.

é VERTicAlL ForcES = © '
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QB3. [16 Marks]
Io, the fifth of Jupiter's moons was first discovered by Galileo and Marius in 1610.

A spacecraft approaches Io; o
when it is 9.00 x 10° m away,
the crew determines that Io has
a radius of 1.80 x 10° m.

T =1.8days

The spacecraft eventually lands on Io.

To determine the mass of Io,

a crew member drops a stone

from a rocky ledge of height 19.0 m
and finds that it takes 4.60 s to fall
to the ground.

3a) Determine the acceleration of the falling stone due to the gravitational attraction of Io “near”
its surface.

0

______ swee s=whe ot

- ek A

e T A X RO
(4 60)*

(3 marks)
3b) Calculate the mass of the moon Io.
________ SINCE T 2 B e,
T T e W Wy
__-___--_________)A/__%--'_'_ ______ A e e e e
= 1
____________ - _:___f,'}:c__:"_____%_'__Y_____________-_______-___________-_____-_____-______________
G
""""""",""""":""l’-'B‘é'iTi-'S'i‘\b"’)l """""""""""""""""""""""""""""""
L IALE. SOy 3 S LY S
_____________ o M E B A XS e
"""""""""""""""""""""""""""""""""""""""""""""""" (3 marks)
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3¢) Io has an orbital radius of 422 000 km with a pericd of 1.80 Earth days.
Determine the mass of Jupiter.

3d) The spacecraft needs to remain in a “fixed” ohit. in order fo observe a massive storm on the
surface of Jupiter. It is known that the period of Jupiter’s rotation is equal to 10.2 Earth hours.
Determine the altitude required for the spacecraft to orbit directly over the same position.

v G. M7
EROM ABOVE YN T e
[} - G" MI
= v_:! R s;,I . _______________________________________________________
2
S i Tt ik S
4_1‘% r'l
""""""""""""""""" 3 _:G.m;r‘r‘"
I AN N 41?*

AR
¥ 2 _ a0 T
- V‘o -~ 4.0% x\o
J Yo T lelxio mm
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QB4. [13 Marks]

A popular side show ride consists of a carousel with chairs suspended from light chains around its
circumference {as seen in the diagram). Assume that the circular path is only horizontal.

.""",f—";”
/ o
ur_]_/' S" ‘.,".
| \
\
X
[ & ‘;_%
i ! o A
i } g %
|| - F

(2marks)

Once the carousel is turning at full speed the chain typically makes an angle of 50° with the vertical.

You can assume that for this example the combined mass of the chair and passenger is 115 kg and
that the radius of revolution is 15.2 m.

4a) In the space provided above, carefully sketch and label a Vector diagram to show all relevant
forces acting on the passenger (and the relationship between them).

4b) The passengers "feel" as if they are being pushed outwards. Is this due to a “centrifugal force™?
Carefully explain why the chains suspending the chairs are leaning outwards.

NOT buE To A CENTRIFUGAL FORCE - FORCE \§ CENTRAPETAL .,

, . (WeRTiAL)
FROWI TRANELLANG 1N A FTeaEWT LINE | Foom TTHEIR ME of REFERENCE

They FEEL PUSHED ouT BUT ARG ACTOBALY POLLED W . (2marks)

4c) Determine the tension in the light chain suspending the chair (plus passenger).

© _ Ty - Fuse
______ aNee swm®= A T /v S Y
Fuw
...... I‘:\ﬁh‘.__-.I_-__:.:___-.gm.4-0.".-_-----..----_----------_-------______________________-___
________________________ = x4
Sin 40°

(3marks)
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4d) Estimate the acceleration (in g's) experienced by the passenger.

smee BT moae  anp Fe= e T Tawe
________ Ten 209 = M.

TAN 40°

.......................................... [rommTmmem e
Y. NN ot T YT, SO SO
- e = V-V g% (“7“"‘-1)
""""""""""""""""""""""""""""""""""""""""""""" 3marks)

T’-
""""""""""""""" N _a,c,
________________ :..'.-__f.---:-------ﬁ'.'!‘.i.!i--_-_-_-----_--_--_--_—_,_,.._,____-___-_ﬁ-_----
___________________________ = w7
4 w2 (15.2)
________________ - _____5_____?___9_-_}_§ﬂ_____l-_’tgz___(_Rg\louTmMS PER SECONS )
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QB5. [15 Marks]

The schematic diagram below shows an electric motor that produces is magnetic field from field coils
either side of the armature coil. It is called a series wound motor because the field coils X and Y are
wired in series with the armature coil. One advantage of this type of motor is that it works on either AC
or DC electrical supplies.

« The armature coil of the motor
has 150 tumns.

¢ Side PQis 5.0 cm long l\ ‘ ( ( ( (i

and side QR is 4.0 cm long.

s A 12V supply provides
a current of 0.75 A.
and generates 2 0.095 T
magnetic field across the [y
armature coil. )

{2 marks)
5a) i) Draw one arrow on the diagram to show the direction of the magnetic field (label B}
i) Draw one arrow on the diagram to show the direction of the force of side PQ (label F} -

Bb) Calculate the force on the side RS of the armature.

oSG F = N.B.T.L sime

{3 marks)
5¢) Sketch the graph of the Force on the side PQ versus time for this simple motor.
Foroe o g L
o+ Y o3t o4+ . o£T o3 1T
O S T ek SN L U W O . =S
S R S S S S s s
\ A : i : ' : | : i : | : : :
(2 marks)
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5d) Determine the torque produced when the plane of the armature coil at an angle of 30° to the
magnetic field.
oG T E=NBLAwse (ot Tz 2xFr)
____________________ = 150 ©:995 x 075 x (5:0x10" % 4.03107") cof 20°
_________ - € T 008 S Nm  cloekewse
CAVTERNATWELY Y .
SR S o . ) = .
______________________ = 2x 053 (%2 )x cos30°
.. €=

e e e e e e e e R A e e A R A R R e e e e e A B A ==

be) Describe and explain two practical ways in which the motor can be modified to produce a greater
torque.

teom T= N.2.T.A cos®

_________________________________________________ " MORE FIELD CoILS = AREA of ARMATAE
_InNcrepse N, 8,T,A *_MORE TURNS oN ARmMATURE
e ADD JRON CORE
_ﬁ!"__‘_f_.‘.fv!e)

B5f) Using either or both of the diagrams below as part of your answer, explain why this motor will
turn in the same direction, regardless of the type of electrical supply.

X
\"\[1\ ()

R Y X
{

R Y
/s /
/S ; Yy ; l
/ | ! ! li. “
/ [ LY, \ / Wiy
P / S . P /, 5
/, /)
'/ 6
4 AC

____________ , T REVERSES IN THE OTHER .

(3 marks)
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QB6. [14 Marks]
The diagram represents a simple generator.

6a) Is this an A.C or D.C generator?

A.C GENERAToR.

6b) What is the component labelied B ?

SLIP-RING CommuTaTor

{1 mark)

Hale School

6c) Carefully construct a graph of the EMF versus time for two rotations of the coil for this generator

commencing in a vertical position.

t 1 ) 1
-l beccsdeaccalacccadacacckhacatbacaaab 01— S S U P S [
i 1 b ) i |
1 1 - ' - ' “l
1 1 ] ] ) i ]
J IR PR SIS . oI S SN N A
1 ] 1 t ] 1 1 1
14 1 1 ' 1 1 1 1
1 ] ! i 1 L] 1
l T r T i B Ea S S el el
1 1 ] ) I [} 1 ] 1 1
i ] ] ) 1 ] 1 1 1 1
L] ] ] t ] [] [ ] 1 -
U T T L 1 1 i f T Ll
1 ] ] 1 1 1 1 [} ] i 1 ! ]
] 1 ] 1 1 1 1 1 ] 1 ] 1 1 tlme
] 1 1 1 1 1 i ] ] 1 ] 1 1
nl T T a r~-==T r T | oo
] 1 i 1 1 1 i 1 1 ) 1 1 ]
) 1 1 1 1 1 1 1 L] 1 ] 1 ] ) [}
1 i ] I ] 1 1 1 1 1 I 1 ] ) ]
- + -l - = 1 = i e o R R R, e L
1 1 [} 1 1 ] 1 ] 1 i ] 1 1 b I I
1 1 1 1 ) i 1 ] 1 i ] I ! t i ]
I i 1 1 1 ] 1 ] 1 i ) 1 ] i 1 1
il I R R R i ] e e e R R i B e e ]
{3marks)

6d) Carefully describe and explain two practical improvements that can be made to the simple madel
generator shown that will increase the EMF that is generated.

- NBA

swee 8= T g A &= AfNEA

LG N MoRe RN

& B T STMNGER MagnNEls |, wcdbe SofT teaed come

&= A FoLAReTR Mea o# W
€ et ¥ = sPiN Coll FasTewr

{2marks)
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Now consider an A.C generator consisting of 400 turns of square coil of length 4.50 ¢cm is spinning at
50 Hz. The magnetic field strength of the magnet is 0.50 T and the coil’s resistance of 15 Q.

6d) Determine the average induced EMF generated.

-
NBA
CgsmG Eh = T at  (weeme Sk T A o 4f)
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SECTION C : Comprehension and Interpretation
Marks Allotted: 36 marks out of 180 (20%). Aftempt BOTH questions in this section.
Candidates are reminded of the need for clear and concise presentation of answers.
Diagrams, equations and/or humerical results should be included where appropriate.

QC1 [16 marks]
Experimental Analysis and Interpretation

The apparatus shown below is used to investigate the period of rotation of a conical pendulum.

The ball is set revolving and the motor
is adjusted to give a stable orbit with the
pendulum making an angle of 60° with
the vertical.

The time taken for the ball to complete
10 revolutions is taken with a stopwatch
and the period of revolution calculated.

This technique is repeated using a number
of strings of successively greater length.

The results are tabulated below.

Length £ (cm) 6.0 8.0 10.0 12.0 14.0 16.0 18.0 20.0

Period T (s) 0.348 0.432 0.449 0.492 0.500 0.568 0.602 0.635

T2 (s*) |01 ¢0./87{0.20] |0-242)|0-250 |0.323 |0-362 |p-403

7 ﬁ f MARR coRRERT VALVES
' s 1 meRE -SIGNIFICANT FIGURES
[ MARK | ik r mPRK X

When period T is graphed against length of pendulum ¢, a curve results suggesting a relationship of

the form £ =KT2 where k' is a constant.
1a)  You are to plot a second graph - not ¢ against T - which will test this relationship.

Modify the data as necessary, recording the required values in the vacant row of the table.
Include the heading and units. (4marks)

1b)}  Plot the points and clearly identify any which do not fit the trend. (7marks)
Draw a line of best fit through the others.
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| mARK

il (A 1 _IT.!.I ] : _I_ | I [N ! HEEEN
T H i i H | i : ] H
it — Fiy } g _lln. } - i fid f-i-4 H 1+
.. ML e | 1 Ry A IO
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=
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&

From the gradient of the graph determine the value of the constant 'k’ expressed in SI units.

1c)

! MARK

AT

GRADIENT

K.‘.’-‘

mARK

(20-0)
(o403 —0)

] maRk

49.¢ cms™*

/ mans. St GNITS

0496 ms™*

[ marK $S1&. EIGS

(5marks)
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Paragraph 5

Test models have, so far, given encouraging results but fullsdized operational trains pose some
challenges to designers. Firstly, passengers would need to be shielded from the large magnetic fields
of approximately two tesla. Without shielding passengers with metal shoes would stick to the floor!
The shieids can be built from iron which essentiallycontain the magnetic fields. Secondly, the noise
made by switching magnets on and off will create acoustic waves in the middle range of human
human hearing making soundproofing essential. Finally, the cooling of the magnets would need to be
addressed. At this stage water is favoured. However, the fast moving air created by the locomotive
may be utilised for this purpose.

Questions

1. Paragraph 3 states 'a conductor is made to move through a changing magnetic field and a
magnetic force is created that pushes the original magnet away". Carefully explain how this
may be achieved.
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2. Why would the force propeliing the train be reversed if the electromagnets were switched
on before the centre of the aluminium plates had passed.  (paragraph 4)

_ofposin & FORCE (/N ACCOROANCE with_LEN2S LAew) anO THIS wiils,

-3, Carefully explain why people would “stick to the floor” if they were not shielded from the
magnetic fields.(paragraph 5)
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4. Why does iron “contair’’ the magnetic fields enabling the passengers to be shielded from
the magnetic fields?  (paragraph 5)

5.  Calculate the current that would need to be induced in an aluminium conductor of resistance
0.15 Q and length of 0.65 m if it travels at 500 kmh™ perpendicular tc a 2.0 T field.

500 000
____________________ = ..2:© % “goxko. .. X065
oI5
LI = l20x%x00 A (very HicH ')
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