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1 In an experiment, the perpendicular distance of a point from a long straight conductor
carrying a constant current is measured and the perpendicular distance is used to calculate
the magnetic flux density due to the long straight current-carrying conductor at that point.
The experiment is repeated for a few points.

Which graph shows how the percentage uncertainty in the magnetic flux density of the long
straight current-carrying conductor, y, varies with the percentage uncertainty in the
perpendicular distance from the conductor, x?

A B
0 T > 0 >
0 X 0 X
[ D
y g //
0-1 > 0 —
0 x 0 X
Answer: A
The magnetic flux density due to a long straight current-carrying conductor is
B =l
2rr
Therefore, the percentage uncertainty of the calculated magnetic flux density is
AB Ar Al
— = — + —_—
B r I
AB . Ar, . . . - . ;
Therefore, the graph of |m1mmm_:wﬁ ——is a straight line graph with positive gradient and y-intercept
r
Al

I

4

2 | A cube of side 5.0 cm is fioating on a tank of water as shown in the figure below. The density
of the cube is 450 kg m™ and the density of water is 1000 kg m*.

cube

™ water

What is the submerged depth L of the cube?

A | 23cm
Answer: A

_ B [28cm _ c _».ooa _ D T.moa

By the principle of floatation,
Weight of object = Weight of fluid displaced

Vepeg = VwPwd
V.po = ALpy,
L= Vepe _ 0.050°X450

Apy, = 5.050%1000 0023 m

3 |Water is ejected from the nozzle of a hose at a speed of 20m s, The density of water i
1000 kg m™ and the diameter of the nozzle is 0.50 cm.

\What is the force exerted on the nozzle by the ejected water?

i DJ79N

A [0.038N [ B [0.079N [ ¢ Jo.31N

Answer: B

Force on water = mass per unit time x change in velocity
= (volume per unit time x density) x change in velocity
= (VIt)(p)av
=(ar)(v)(p)(v)
=n(0.0025%)(2.0)(1000)(2.0) = 0.079 N

Magnitude of force on nozzle by water = Magnitude of force on water by nozzle = 0.079 N
{Newton’s 3" law of motion)
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7 1 A golf ball, on level ground, is hit and starts to move atan angle of 60° to the horizontal.

direction of
initial movement

horizontal

[FEYRIN M PERD Ty

Which graph best represents the variation with horizontal distance x of the kinetic energy Ex of
the golf ball? Ignore any effects of air resistance.

A B
Ex Ex
t |
0 —> X 0 > X
C D
Ex Ex
A #
0 - > X 0 > X

Answer: A
The kinetic energy of the golf ball at the highest point is non-zero. Hence option B is wrong.
The golf ball has the lowest kinetic energy at the highest point. Hence option D is wrong.

. 1 .
The vertical displacement s, of the golf ball is of the parabolic equation s, = =<~+ MN,\. where uy is

the initial vertical velocity, a, the vertical acceleration of the golf ball and t the time taken for the flight
of golf ball. Since sx = W,

8
Wx X H i H s g < .
t= v!n Mn where sy is the horizontal displacement, u, the initial horizontal velocity of golf ball.
X X
x) 1 [x : u
Therefore S, =U, | — |- -g| — | =~ QN X2+l X ix.
u ) 27y, 2u, u,

Since gravitational potential energy of golf ball of mass m is given as mgs,, the graph for gravitational

potential energy of the golf ball will be a negative parabolic curve.

By principle of conservation of energy, KE = TE — GPE, the graph for the kinetic energy of the golf

ball will be a positive parabolic curve.

8 | A body of mass m moves in a horizontal circle of radius r at constant angular speed w.

What is the work done on the body by the centripetal force in one revolution?

A | zero _ B _SXEN _ C _msms _ D _ASmEu

Answer: A

Since the centripetal force always acts perpendicularly to the displacement moved by the body, there

is zero work done on the body by the centripetal force.

horizontal and just taut.

pendulum
bob

Rty

[

3
¢¢\
i

9 | A pendulum bob of mass 0.100 kg is supported by a string and swung along a circular path of
radius r about the fixed point C. The bob is momentarily at rest at point A, with the string

What is the tension in the string when the bob is at point B which is vertically below point C?

A [0981N | B [1986N | ¢ [294N | b [392N

Answer: C

Given that at point A the string is horizontal & just taut > T = 0 at point A
Since Weight acts vertically, it cannot provide for the centripetal force at point A.
So at point A, centripetal force = 0 > speed at point A must be zero.

By principle of conservation of energy,

Gain in KE from Ato 8 = Loss in GPE from Ato B
1
2 mv? ~0=mgr

point B

More papers at www.testpapersfree.com



BP-~233

_ 09'} _9N
suweep= Amo_.xce.rvm tmm\/l@\,

d
dg = ANuv
‘soposiow Jo Aysusp ayy st d chBA «qu m =d ‘siopploy)
'sa|nosiow Jo pesds aienbs uesw mEAmuv pue
SSEW ) W 'S9INOSIOU JO ISGUINU By} N ‘BWN[OA YL A ‘eunssald sy) sI d asaym Auoszw =Ad
Qq Jamsuy
Sweey| a | wswooe [ 9 | swosz| a | Sswoiz[ v

4sajnosiow uobie ay) Jo psads asenbs-ueaw-1004 8Y} S JBYM

‘W BY% 09°) st ed 01 X 00’} JO ainssaud e Je seb uobie jo Aysuep sy €l

B P 8p =
B3 r 0008% =7
70050 =(09%2)00Z
"PHOS J0 Jesy Judte) oylosds el 7 puB SSBIUL 81 S| W SI8UM T = Jd = T ‘ABIous J0 uojeAIasSU0D Ag
7 swin ul payddns Jemod oy} St 4 81aum Jd = I peyddns ABseug

{ Jemsuy

Bivier] a] WBipiee] o [ Bimisi] a | ERIAK

sajdwes piios sy Jo uoIsny Jo Jeay Jusie| ouwads auy Si JRYAA

- oL~
./
1

i / awy

<
<

oYY
o~

v
0. / 9ineiadwia)
‘aw Y)m sauea ojdwes ay)

Jo anjesadwia) ay) moy smoys mojeq ydesb ay| A 00Z 1€ Jueysuod si ajdwes ay) Aq pagqiosqe
Jesy Jo 8jes 8yl "D.0l- 4o aunjessdws) fepiu) ue je oidwes plos B gog B Siesy juepnis v | zZ|

oL

‘j0)enbe s,ypeg

8y} anoqe Ajjosiip @ouelsIp paxy e Je aq Jsnw syjeies Areuoneysoab ay) se 108100 s1  uondo
1S3 0} 1S9 Wl saaow )i se Buoum st 5 uondo

‘yues punose sjgio

1l Se 82404 16U SNy} pue ‘uofess|adde |eleduuso Bupusuedxs st ajfiisles sy} se Buoam sI g uondo
-J0jenbe

ay} uo paads sy} se SWES By} 8q Janau Ued ajeles ay) jo paads ol aousH (@4 = A) yues ayj jJo
a1uad 8y} woy Aeme souelsip sy} o} feuoipodold sj pesds Jesuy s a)jjeles oy se Buosm si y uondo

 emsuy

‘101enbs ay} eroqe Ajoedip urewal jsnwy | @

"JSOM\ O} ISET WOl SsAoW )| | 9

"yHeJ punoJe s}iqio }) Se 9010} J8U 019Z seousuadxa )| | g

‘J0jenbs s ype3 ay) uo Jujod e Jo paads ay} 0} jenbs s| paads Jesul s} | W

8Ny} sI yueg punoie a)j|aies Areuoeisoab e Jnoge juswaelels BuIMmoio) ou JO YoIYMm | L

"XE ©q fim
PE Js1ewelp jo aleyds ayy o) snp yibuass piay jeuoneyselb ayj ‘p o0} jeuoiuodoid Apoeup si B eoulg

alayds Jo 19)Bwelp
9 € &€ 28 ETRE
= = ==<_ = f '85ejIns ay} je yiBusns pjey jeuone)ARID)
Ipryo  Jyuyn I yupD WO

aU) St p alsuM

‘aieyds
JO snipel ay) ¥ pue Apsuap 8yl d 'SSBW B} SI iy SISUM ﬁ nmk,MwQ = aWNjoA X Aysuap=w
€ JJemsuy

xe| a | xs| 9 ] xe| 8 | xe| v

¢PS Je10WeIp 0 nq AYsuop

swes ayj Jo a1ayds uuojun e Jo aoepns ayy uo Wbhuels piey jeuonenaeib ay; oq pinom yeym

X S| aieyds ay) 0}
anp yibuas piay feuonenelb ay) ‘p Jejswelp Jo aieyds WLOHUN € JO 80BUNS By} uo Juiod B 3y | o)

4
N p6'2 =cp6'z ={18'6){00L avnumsmnms+ﬂw~%&nh
(zZ) oyt (1) ang
4
{2y~ Bui+ i 1
d
Al Bus -1

SI 9[0JI0 [ED{LIBA DU JO SIJUSD BU} SPIEMO} 8] |IIM 8210} JUBYNSS! By ‘g 1uiod 1y

(1) === 167 = ‘g jutod 1y

More papers at www.testpapersfree.com




BP~234

11

14 | A particle of mass 5.0 kg is moving in simple harmonic motion.

The variation of the potential energy U with the displacement from the equilibrium position x is
as shown in the figure below.

urd

R T T

x/m
-0.20 0 0.20

What is the period of oscillation of the particle?

A |089s | B [ 145 [ ¢ J22s | b |285s
Answer: B
For SHM,

1
Max U = MEENRW

12
15 | A sound wave propagates from left to right through a gas.
Fig. 15(a) shows the positions of some gas molecules at a particular instant of time.
Fig. 15(b) shows the variation with time ¢ of the displacement s of one of these particles.
The distance between particles P and Q is 0.26 m.
® @ 0000 0 & 6 O S 0000 & o
P Q
Fig. 15(a)
s
]
:
0 40 // £/x104s
Fig. 15(b)
What is the speed of sound in this gas?
A [300ms" [ B [330ms" [ c [380ms! | D (660ms"
Answer: B

_ A 1 VAPNJ
T\4.0x10/\ 2
=325=330 ms~1
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18 | The diagram shows a stationary wave of frequency 50 Hz formed between two points P and Q
atatime t=0.

Which of the diagrams correctly shows a possible position of the string at a time ¢ = 0.010s?

A B

-

Answer: B

f=50Hz % T=1/50=0020s. t=0010s=%T

19 | In a spectrometer experiment, light of wavelength 400 nm is incident normally on a diffraction
grating having 400 lines per eters.

What is the angle of diffraction of the third order diffracted beam?

Af13.9° | B [187° [ € 287 | D [s6.1°
Answer: C
dsin 6= nAi
sin = nA/d 1/d = 400 x 10°

sin 0= 3(400 nm)(400 x 10%) > 8= 28.7°

16

20 | Three point charges, each of magnitude Q, are placed at the three comers of a square as
shown in the diagram.

What is the direction of the resultant electric field at the fourth corner?

Answer: A

Due to symmetry, the net electric field at the fourth corner must be along the diagonal of the square

in direction A or D.

Let £; and E2 be the electric field strength due to each of the charge of +Q.
Resultant of E; and Ezis

Q
Epet of+Q = fﬂmoﬂn V2

Let E; be the electric field strength due to charge of —Q.
Q Q

Ees—— e
3 4me, QJ\MVN mﬁ.moﬁ.u

Therefore the net electric field strength due to all 3 charges is

Enee opsg — Bs = 12— = = — (297 ~ 1) which is in the direction A

mEgr?  8megr?  8megr?

More papers at www.testpapersfree.com



BP-237

'9seR108p [IIM X Je [ejjusiod 3 uogdo uj sfiym ‘Sseasoul iim X e [enusiod v uopdo uj sousH

"9sBRIOUI [IIM (T BY) $S0.08

‘pd 8y ‘aydiouid JepIAI] [BRUSIOd AQ SMep BU) OJUl PAAOW UBUM SBSBSIOU) 9OUEISISA) ST SoUIS
"BOUBISISAI 8] SS0I0E "Prd 018Z-UOU & SMOY JuUBLND) &

{81 9pOIP BUY) B18YM BOUE]SISEI 0192 BM)) UCHIBULCD PASEIY PIEMIO) Ul B18 O PUB Y SUORdo Ui sapoiq

"Q pue g suojdo sleuiw)ly €
'@ pue g suopdo 1o} X je [enusiod u| aBueyd ou ‘8] ‘SUoPUOD JBp
pue Jubug Ylog Ul A 0 = X 18 [enusiod ¢ soue)sisas sy ssose “pid o1oz & SMOJ} JUBLIN3 ON

(St spoip By aBYM JNSIIC USHD LB BY) UOROBULCD PaSEIq SSISARI Ul 818 (] pue g suopdo u) sapoiq

v amsuy
AO AO AO AD
Y X X
¥ o o
X X X X
Pl
4 W 5 by
AZL+ AZL+ ATL+ AZL+
a 2 g v
{uBWUolAUL
Jo)jiep B 0} paAoW S| INDAD 8y} usym dseaioul X e [epuajod ayy M Juswabuele yoM U}
"UONJBIIP 9SISABI BY) Ul SOUR]SISOI BHULUI PUE UOIIOBIP pIemIO) oL
Ul 83Ue)SISSl 0J8Z SBY 9pOIp JeSp] UY "} BIUE]SISE) JO J0}SiSal POXY B PUe 8polp jBep] Ue Yum
S8l8s U} pajosuuod st ) "y Jo souejsisal e sey (Han) Joisisal Juapuadap-ybil e Bl ybug u| | 2z

'V 94 Ishwl Jomsue sousi “iejealb oq pinoys 3 jo epnyubew ‘paBueyoun AV apym saseassop
Xy "9 “1esops 196 seuy |egusjodinba oyj eseym P Jaieou pue o Jasedsu ‘dew fenyusjodinba
8y ur umoys sy epnjubew u) Joyeas s) g ‘doteasb sy jusipest |epusiod ayy sidym ‘osly

(n 10
V 8q Ajuo ues Jomsue eocusy) Dd Buoje atoymliaas oagebou s 3 aousy ‘uoloaulp aaebau ayy
S1 uonUSAUD UBts Y} Aq yolym ‘spaemya) s1 D4 Buole Juiod Aieas 1e plal o188 8y} J0 UoROBP BU

8l

‘pue (@ @9 Jouurd Jomsue aouay) Dd Buoje aiaymiions oidz-uou si Dd ouy) Buoe pjey o109l oy}
‘Od Buoje aisymiars osaz-uou
S| jusipesB jeyusjod ay; pue ‘g 0) D woyy Aem ay) (e sasealosp A [enuajod 930910 B SIUIS

X
.
v
v liemsuy
x o d x O .
m 3 : 3
a o]
i H
x O d . x O o
: 3 3
a v

A oow+\ \

ol |

AOSL+

juejsuod e sey [enusiod o098 oY) Yolym Buofe saul plos JO Jaqunu e smoys wesbeip sy

‘O iod je paoe|d st Jaiqo pabireyd Jsyioue pue 4 juiod Je paseyd s) jo8lqo pebieyo v ik

A0S+

&3 pbuaxs pley o1j0aja 8y 4o D aul oy}
Buoje x souejsip yum uoneueA sy} smoys ydelb yoiym ‘eagisod se by ey o) si008A Bupje)

‘anjea

A

More papers at www.testpapersfree.com




BP~238

19

23 | A battery B, a variable resistor W and a uniform resistance wire PQ are connected in series. A
cell C and a galvanometer are connected to the wire PQ with a contact J as shown.

battery B

{H1

P J Q

galvanometer

cellC

The contact J is moved along wire PQ until the galvanometer reads zero. The distance of J
from P, lpy is then measured.

Which of the following changes will increase the measured distance /p,?

A | Removing W from the circuit.

B | Adjusting W to a higher resistance.

C | Connecting a resistor parallel to the galvanometer.

D | Replacing wire PQ with another wire of similar length and resistivity but smaller diameter.

Answer: B

Regardiess, the p.d. across PJ (Ve)) remains unchanged and equal to the e.m.f. of ceil C.

Option A: Removing W increases the p.d. across PQ, hence increases the p.d. per unit length of PQ.
Thus for the same Vg, balance length will decrease.

Option B: Adjusting W to a higher resistance decreases the p.d. across PQ, hence decreases the p.d.
per unit length of PQ. Thus for the same Ve, balance length will increase.

Option C: No effect on the balance length.
Option D: If the wire has a smaller cross-sectional area, its resistance increases. With W unchanged

in resistance, the p.d. across PQ increases, hence increases the p.d. per unit length of PQ. Thus for

the same Vg, balance length will decrease.

20

24 | X and Y are two coaxial flat circular coils lying on a table. Coil X has 120 tums and a diameter
of 22.0 em. Coil Y has 80 turns and a diameter of 11.0 cm. O and P are two points on the table,
and O is at the centre of the two coils.

11.0cm 22.0cm

Initiatty, there is a constant current of 1.2 A in coil X and no current in coil Y.

A current of 1.2 A is now passed through coil Y, which increases the magnitude of the
magnetic flux density at P.

What is the final magnitude of the resultant magnetic flux density at O?

A [o14amT B [o27mT [ ¢ [ogemT [ b J1emT

Answer: B

Since the magnitude of flux density at P increases, it implies that the currents in X and Y flow in
opposite directions.
Thus the flux densities due to X and Y are in opposite directions at O.

#oNI
2r

Recall that for a flat circular coil, at its CENTRE, B is given by

B due to X at O = Kol = 42 1070A20D) - g 59596 x 10+ T

2r 2(0.220 +2)
_ BoNI _ (amx1077)(80)(1.2) _ 3
BduetoYatO= ST 20110+ =1.09670x10° T

Magnitude of Resultant B at O = (1.09670 x 10°%) — (8.22526 x 10* ) = 2.7418 x 104 T=0.27 mT
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23

29 | At time {, a sample of a radioactive substance contains N atoms of a particufar nuclide. At time
{t + At), where At is a short period of time, the number of atoms of the nuclide is (N — AN).

Which expression is equal to the decay constant of the nuclide?

NAN B AN c AN b mﬁ<

Al — — —_
At NAL At N

Answer: B
Activity A = AN

For a short time interval,

Activity A = AN
ctivity 4 = -
Hence
AN = N
At
1= AN

T NAt

30 | At time ¢ = 0, some radioactive gas is injected into a sealed vessel. At time T, a different
radioactive gas with a half-life very much shorter than the first is injected into the same vessel.

Which one of the following graphs best represents how activity A varies with £?

A B

nA

v

In A

v

24

Answer: D

A= Age™

NA=InA;—M

The curved part comes about because of two difference decay constants. Since the added gas has a
much shorter half-life, the gradient of the graph should eventually return to the original gradient, and

“continue” from where the original “left off".

InA

-- END OF PAPER 1 -

-- BLANK PAGE --
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3

Answer all questions from this paper.

4 TA cliff train cabin is used to carry passengers up a slope as shown in Fig.1.1.

direction of motion

rail

Fig. 1.1

35°to the horizontal.

floor of the cabin.

The cable attached to the cabin pulls the cabin up the slope along the rail line which is inclined at

Initially, the cabin starts from rest and accelerates at 1.0 m s2 for a time of 3.0 s. The cabin then
moves at constant speed of 3.0 m s for 100 s. Finally, the cabin decelerates to restin 3.0s.

The floor of the cabin is zo_..Nosﬁm_ all the times. A man of mass 95 kg is standing upright on the

(a

3=

Calculate the vertical height moved by the man during the initial acceleration of the cabin.

h = (4.5)(sin35°) = 2.58109=2.6 m

height = .......coooeveieiiennennene. e m| [3]
Distance moved along the rail line,
1
s = (0)(3.0) + MG.SQ.SN =45m 1
Vertical height moved,
h = ssin(35°) 1
1

4
(b) | (i) | Calculate the normal reaction force acting on the man from the floor of the cabin when
the cabin is moving at constant speed.
normal reaction = ........ccoivneienns . [1]
N=W=mg=95x%x9.81=931.95= 930N 1
(i) | Explain your working in (i).
.................... e ereeeeoaattsstseeesssssseseesssssetsceessesressssaneriarenerereriiseneereens | [1]
At no:wnm:n speed, there is no mooo_w..nzoz. hence there is no net force acting 1
on the man.
There are two forces acting on the man: his weight and the normal reaction force of
the floor on the man.
Since the weight acts vertically down, the normal reaction force must be equal in
magnitude and opposite in direction to the weight to produce a zero net force.
(c) | Forces act on the man by the floor of the cabin.
(i) | State the forces for the man as the cabin accelerates.
m_._o:o:n_ *o_ao m..a normal nos»mﬂ *onom by the :ooq and, man's weight. 1
(i) | Explain how these forces produce the acceleration of the man.
........ 2]
The vector sum of the frictional *o..om the normal contact force and the man’s weight | 1
is non-zero
and acts along the direction of the motion of the cabin. 1
OR
Normal contact force Is greater than man’s weight, causing a resultant force | 1
vertically upwards.
The resultant of the horizontal leftwards acting frictional force and the resultant | 1

vertical force acts along the direction of the motion of the cabin to produce
acceleration.
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2| A stationary electron is in a uniform field of force.

constant in magnitude
radius.

, causing the electron to move in a circular path of constant | 1

(@

Explain what is meant by an ideal gas.

...... ettt eeeeeeeueettetesiaserassiissrasasesssssssesnstestesssasnassossiisatiinsorrzonesesaniiies | [2]
An ideal gas is one that obeys the amm_ gas equation pV = nRT 1
at all values of temperature (T), pressure (p) and volume (V), where nis the 1

number of moles of gas and R is the molar gas constant.

(i)

Use the kinetic theory of gases to explain why when the volume of an ideal gas
decreases at constant temperature, the pressure of the gas increases.

field.

{a) | Describe the direction of the force on the electron relative to the direction of the field if the
field is
(i) | a gravitational field,
1
same a:mon_o: of the field. 1
(i) | an electric field,
.......................................................................... rererneenennenneressneeens | 1]
opposite a:dn»_o: to the field. 1
(ifi) | a magnetic field.
il
no force acts. 1
{(b) | Describe and explain the path the electron will take when it moves at right angles to each

....................... e eesssssssesesssssrrsrbeopterrereseaenanesnsioeirassosniesseneineseneeneree | (4]

For u..»<=mn_o=m_ fieid m:ﬁ electric field, the electron <<___ move in a muqmuo__n mn.:
as the net force (or acceleration) is always of constant direction and constant
magnitude throughout the motion despite the direction of the electron’s velocity.

For magnetic field, when the electron moves at right angle to the magnetic field, i
experiences a magnetic force thatis always acting perpendicular to the <o_on_
of the electron.

f the veloci

This changes the direction o

ty of the electron continuousf

the magnitude of velocity.

<<=m: 85-5.&8_6 is oo:wnn:. the root-mean-square speed oq the gas | 1
atoms is constant.

Therefore, when volume decreases, the distance travelled by the atoms | 1
between successive collisions with a wall of the container decreases, leading to
a higher frequency of collisions between the gas atoms and the wall of the
container.

A higher frequency of collisions leads to greater total rate of change of | 1
momentum of all the molecules hitting a wall at any Instant in time

and thus larger force on the container, thus a higher pressure. 1
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Fig. 4.2

The battery has an e.m.f. of 12 V and negligible internal resistance. The resistor R has a
resistance that can be varied between 0.0 Q and 2.0 Q. The voltmeter and ammeter are both
ideal.

State and explain why the circuit shown in Fig. 4.2 is inappropriate for obtaining data from
V=6Vto V=12V for the graph in Fig. 4.1.

(d) | Calculate the difference in the power dissipated in resistor X when Vis increased from 7.2 V
t0 9.6 V.
difference in power = ............. everenereeeeneee. W [2]
Solution:
Dif ference in power = IV, — IV, 1
= (2.0)(9.6) - (1.5)(7.2)
=84W 1
{e) | Suppose the battery has an internal resistance of 0.50 Q, and Rin Fig. 4.2 is adjusted to 0 Q.

Calculate the terminal potential difference across the battery.

nl 4
be applied across X. Hence voltmeter and ammeter readings up toV =12V are
abtainable.

However, when R is set to its maximum of 2.0 Q, since X has resistance of4.8 Qwhich | 1

is greater than 2.0 Q, the p.d. across X will be greater than 6 V »MMQRHN =85V). It

would thus be impossible to obtain voltmeter and ammeter readings in the range of
V=6VtoV=85VinFig. 4.1

terminal potential difference = ...........cccvvevveeverennen. V| [2]
By potential divider principle,
. 48
terminal p.d.= p.d.across X = 28105 x12V 1
=10.868 V=11V 1

(<)

In the space below, draw a circuit diagram using the same components as shown in Fig. 4.2
from which the graph of Fig. 4.1 may be determined.

[

Solution:
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filament

target copper
material  block

1 1

q\ . anode

cathode Inllﬁlll.ﬁn

high
voltage
Fig. 6.1

K

a

X-ray intensi

wavelength, A (nm)

Fig. 6.2

6 | In an X-ray tube, electrons are produced from a filament heated by an electric current as shown in
Fig. 6.1. A large accelerating potential difference is set up between the filament and the target
material. The electrons are accelerated from the filament and hit the target material to emit X-ray
photons.

A graph of intensity against wavelength of the emitted radiation is plotted as shown in Fig. 6.2
when the X-ray tube is operated at a voltage of 50 kV.

(b)

Show that Ag equals to 0.024 nm.

1

From (a),
Loss in EPE as electron moves from cathode to anode = Maximum KE gained just
before it hits the anode = Maximum energy of photon emitted

So,

eVo = hc/hs

= Ao = hc/eV,

= Ao = (6.63 X 10-*4)(3.00 x 10°) / (1.60 x 10°)({50 x 10%)
= Ao= 2.48625 x 10" = 0.0248625 x 10°m =~ 0.024 nm

(c)

Sketch on Fig. 6.2 a graph to show the intensity variation with wavelength if the accelerating

(a)

Explain why there is a minimum wavelength A, for the emitted X-rays.

in a single head-on collision with the target atom at the anode,

the KE lost is converted into an x-ray photon of maximum energy, hence
minimum wavelength.

potential difference is reduced to one-quarter of its original value.
iqi raph (intensity lowered at all

wavelengths),

Ao= ho/eVe
Since h,c,e are constants, thus Asis inversely proportionat to V;.

Thus if Vs is one-quartered, As will be increased by 4 times!

New A= 4 x 0.0248625 nm = 0.09945 nm ~ 0.1 nm AND without an:
characteristic lines.

X-may intensi

Wavelength, A (nm)

0.08945 nm

12]
1
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Read the passage below and answer the questions that follow.
Torque from a Vehicle Engine

An internal combustion engine used on a vehicle operates over a limited rotational speed which
can be controlled by the driver. As the driver increases the depression on the accelerator pedal,
the input power to the engine will increase to a maximum when the throttle is fully opened. The
power delivered to the wheels of the vehicle will also reach a maximum value.

The output torque of the engine is transmitted to the forward driving force on the vehicle’s wheels.
The transmission of the output torque of the engine is done through a gearbox which consists of
several gear ratios capable of providing the required driving force to suit the different driving speeds
and accelerations.

The gear ratio is the ratio of the rotational speed of the vehicle's engine to the rotational speed of
the vehicle’s wheel. A high gear ratio is required at low vehicle’s speeds to provide a higher torque.

A vehicle starts to move off with the highest gear ratio, namely gear 1. As the vehicle’s speed
increases, the gear ratio changes from gear 1 to gear 4, with gear 4 being the lowest gear ratio.
The lowest gear ratio is to provide for the maximum speed achievable. Thus, the forward driving
force on the vehicle's wheels will change with the speed of the vehicle for different gears.

As the vehicle moves, it encounters a total resistive force that opposes its motion.

Fig. 8.1 shows how the speed of the vehicle affecis the available force F at the wheels for different
gears and the total resistive force on a 1200 kg vehicle when the input power to the engine is
maintained at the maximum value. The available force is the maximum forward driving force that
can be transmitted to the wheels.

To stop the vehicle quickly from a certain speed, the driver steps on the brake pedal to produce a
braking force on the wheels, and at the same time, the power of the engine is removed completely.
The maximum braking force of the car is 9300 N.

When a vehicle moves up an inclined slope, it encounters a climbing resistance that depends on
the gradient of the slope. The gradient of the slope is defined as the ratio of the increase in height
to the horizontal distance moved in percentage value.

The chart in Fig. 8.2 shows how the climbing resistance is affected by the gradient of the slope.

vehicle speed v/ km h”

Fig. 8.1

20
F
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S
41 gear 1
z
2 5000 L
[
5 ;
£
T 4000
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3 3000 :
:
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(d)

given by the expression
power output = driving force x speed

(i) | Starting from the definition of work done, show that the power output of the vehicle is

The vehicle is moving up a slope inclined at 20° to the horizontal.

(i)

Show that the gradient of the slope, in percentage, is 36%.

[2

From definition of work done:
work done by driving force W
= average driving force F x displacement s moved in the direction of F

From definition of power:
power output P
= work done per unit time
=Fs/t where tis the time taken to do work of Fs
= F(sff)
= driving force F x speed s/t

i1

gradient = (increase in height / horizontal distance moved) x 100%
=tan 8 x 100%

= tan 20° x 100% 1
= 36.4% = 36%

Use Fig. 8.2 to determine the climbing resistance on the car.

for gear 3 is smaller than that for gear 2.

(ii) | Explainwhy for a given power delivered to the engine, the available force at the wheels

climbing resistance = ............. ceeeeneenenN | [2]

From chart, when gradient of slope is 36%, 1
climbing resistance per 1000 kg = 3250 N

So for 1200 kg, climbing resistance = 1200/1000 x 3250 = 3900 N 1

The vehicle speed is larger when gear 3 is used.

(i)

Using the answer to (f)(ii) and Fig. 8.1, estimate and explain the maximum speed at
which the vehicle can move up the slope.

12

At this speed, the maximum driving force = total resistance force. So the net force is
zero.

Above 220 km h™', the net force is opposing the motion and the vehicle will slow
down.

Since power output = driving force x speed 1
For a given power output, at higher speed, the available (driving) force is smaller.
(e) | State the maximum possible speed of the vehicle.
maximum possible speed = .............. eeennes v kmbt 1]
220 km h*' 1

available force and the total resistance must be more than 3900 N.

Referring to Fig. 8.1, gear 1 must be used.
The maximum speed is about 72.5 km h™,

~—

The vehicle is travelling up the slope with a speed of 40 km h™'. The driver intends to stop the
car by applying the maximum braking force.

Estimate the distance moved along the slope before the car stop.
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Section A
Answer all questions from this section.

4

®

~—

The weight of the uniform beam is 40.0 N and the mass of the cord is negligible

Calculate the magnitude of

1| Fig. 1.1 shows a hinged beam of length 60.0 cm held horizontally against a wall by a cord XY.

¥ Y

/] \ cord
wall /]

\_HI| 50° X beam

L |
5.0cm
/]
w
30.0 cm
Fig. 1.1

The forces acting on the beam are its weight W, the force T exerted by the cord, and the force R
exerted by the hinge H.

(0] the tension T,

[2]

By principle of moments,

taking moments about the hinge H,

Sum of clockwise moment = sum of anti-clockwise moment
40.0x0.300 = T sin50° x0.250

T=62.7N

(ii) | the force R.

[2]

Applying the cosine rule for the vector triangle,
R? =T? +W? -2TW cos4(°

R? = 62.7% +40.0% - (2x 62.7 x 40.0x cos 40°)
R=411N

Method 2:

Setting up 2 equations for Vertical & Horizontal Equilibrium, and then solving
these 2 equations simultaneously.

(a

)

In the space provided below, sketch a labelled vector triangle of the forces acting on the
beam.

()

is shifted further away from the hinge along the beam, the cord snaps.

Explain why the cord snaps.

A brick is placed on the beam at X without the cord snapping. Subsequently, when the brick

[2
Solution:
T
R
_. 5oy
w
« Correct labelling of forces and arrows point in the same direction (closed | 1
polygon).
« R must be diagonally down not up, i.e. must have both a rightward & | 1
downward component.

moment that can be provided by the tension in the cord.

Hence the cord snaps as the tension T has exceeded its breaking strength.

State the principle of conservation of linear momentum.

The total linear momentum of a system will remain constant if no net extemal force
acts on it.

1]
1
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2
Al Myarticte ~Mn ZV
KE retained _ \_ Mparticle +my __ Mparticle ~ M

initial KE uZ T Mparticte + Mn

Method 2: From conservation of momentum

When very massive particles are used, by the principle of conservation of
momentum, the neutrons will retain most of the magnitude of its initial
momentum after collision,

traveling in the opposite direction to its initial momentum.

(i) | Explain why particles of similar mass to neutrons such as hydrogen nuclei are not
suitable for slowing down neutrons in the nuclear reactor.

KE retained  Mpgreicte — Mn

mitial KE ~ Mygreice + Mn

. KEretained
When mygrsicie = My, 1atio —= - = 0.

initial KE
Thus, when particles of similar mass to neutrons are used (Mparticte = Ma), the
neutrons will stop moving completely which is not the aim (we want the | 1
neutrons to move more slowly but not to stop moving otherwise they cannot coliide
with the fissile isotope).

Method 2: From conservation of momentum

By the principle of conservation of momentum, when a neutron collides with an
initially stationary particle of similar mass (e.g. hydrogen atom), the neutrons will
stop moving completely after the collision which is not the aim (we want the
neutrons to move more slowly but not to stop moving otherwise they cannot collide
with the fissile isotope).

3 [ A light helical spring is suspended vertically from a fixed point as shown in Fig. 3.1.

LL

spring

-

Fig. 3.1

A mass of weight 5.0 N is suspended from the spring of unstretched length 4.0 cm and then
released from rest. The mass oscillates vertically.

The variation with resultant force F on the mass when L is between 4.0 cm and 8.0 cm is shown

in Fig. 3.2 below.

10

8

Licm i
m -
4 0 1 2 3 5
FIN
Fig. 3.2

(a) | Explain why, as shown in Fig. 3.2, the resulitant force on the mass increases as the length

of the spring decreases from L =8.0 cmto L =4.0 cm.

[2)

position.
Also, for the mass to oscillate, the upward spring force Fs must be lesser than the
weight W when the mass is above the equilibrium position.

As spring length L decreases, the extension x of the spring decreases, hence 1
spring force Fsdecreases.

Since weight W remains constant throughout the motion, the magnitude of the | 1
resultant force F acting downwards increases (since F =W — Fy).

{Hence Fig. 3.2 has a negative gradient.)
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why there is a reversal in the direction of the induced e.m.f.

By Lenz’'s law, the direction of the in
when the magnetic flux linkage increases will be negative to that in the
time interval when the magnetic flux linkage decreases.

(if)

the coil as one magnet passes the coil.

e.m.f.

0 time

On Fig. 4.2, sketch a graph to show the variation with time of the e.m.f. induced in

(b)

of wt with the magnetic field.

There are N turns in the coil.

Fig. 4.3 and Fig. 4.4 show two views of a rectangular coil of height / and width d rotating
with an angular speed » about a vertical axis in a horizontal magnetic field of flux
density B. At a certain instance of time ¢, the normal to the plane of the coil makes an angle

Fig. 4.2

{1

Solution:

emf.

0 time

1 mark for
e General shape (accept other similar variation but not linear e.g. do not
accept saw-tooth, do not accept plateau)
e Start from e.m.f. = 0 (accept if graph did not start from t = 0}

The linear speed v of the sides XY and ZW as they execute circular motion
about the vertical axis is given by

_ _(d
vV=Tw = ANV (4]
Hence, the e.m.f. induced in each of the sides XY and ZW is given by

E = NB,ylv = N(Bsinwt)lv = NBlvsinwt

B B
side view top view
Fig. 4.3 Fig. 4.4
() ] Attimet=0, the plane of the cail is perpendicular to the magnetic field.
Show that the magnitude of the induced e.m.f. E in the coil is given by
E = NBdhw sin (wt)
[2]
Method 1
E= do
T odt 1
- _dwe)
dt
d{(BAcos wt)
=~N
d(ems o) 1
= —-NBA———
dt
= NBdhw sin wt
Method 2

4|
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Method 2

VM_\ microphone

_J_H_ 22 cm

1.2m
15cm| e M

M

Y

Finding the path difference,

Path of LiP = [ 1.27 + 0.22-0.075 ° =1.209m

Path of LiP = [ 1.2 7 + 0.22+0.075 * =1236m
Path difference = 1.236 - 1.209 = 0.027 m = 2A

. A=0.0135m (Note that it is a different outcome from the Young Double Siit
experiment. It is expected as the Young's Double Siit equation is an approximation to

2d cos 8=mA

where m is a positive integer and refers to the order of constructive interference (m = 1, 2,
3, ...) and A is the wavelength of the microwaves.

@

State the phase difference, in radians, between the reflected microwaves from A and
B at a point where a high intensity signal is detected.

phase difference = .. .rad | [1]
0 rad (or 217 rad, 417 rad, etc.), as a high intensity signal or constructive interference 1
is detected.
{l) | When distance d is increased by lowering board B, alternating low and high intensity

signals are detected by receiver R. Explain these observations.

the fringe separation.

=Y 380 5410t H
7 00135

(b)

prevent microwaves from reaching R directly from T.

metal sheet

Fig. 5.2

2d cos 6

When a high intensity signal is detected by R,

Fig. 5.2 shows a microwave transmitter T and a microwave receiver R placed at the same
angle 6 to the normal of a horizontal board A, which partially reflects and transmits
microwaves. A similar horizontal board B is placed a distance d below board A, such that a
high intensity signal is detected by receiver R. A metal sheet is placed between T and R to

The path difference between the two waves reflected off boards A and B is given by

continuously increases.

This causes the phase difference between the two waves at R to continuously | 1
alternate between being in phase and antiphase.

The high Intensity signals are due to constructive interference between the | 1
reflected waves whenever they meet in phase at R.

The low Intensity signals are due to destructive interference between the
reflected waves whenever they meet in antiphase at R.

(i)

Transmitter T and receiver R are now placed side-by-side and facing the boards
normally, meaning that 8 = 0°.

As board B is moved 140 mm downwards at a constant speed, receiver R goes from
the initial high intensity signal through nine high intensity signals and then to a final
high intensity signal.

Determine the wavelength of these microwaves.

wavelength=............ccooeunennnnns reeene m | 2]

Since 8 = 0°, the expression for path difference in terms of d now becomes:
2dcos 0° =2d
Distance moved by board B (d) x 2 = Change in path difference = 10 A 1
Thus,
2d=10A
140mmx2=10 A
A=28mm

=0.028 m 1
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I/InA

1.0

v
-

Since Y emits electrons only with the higher frequency light source but X emits | 1
electrons with both the lower and higher frequency light source, Y must have
the greater work function energy.

State experimental evidence to suggest that the process of radioactive decay is

(i) | random,;

(d)

The UV light source was replaced with another light source of higher frequency. The graph
in Fig. 6.3 was obtained when the experiment was conducted using the higher frequency
light source.

I/nA
A

-0.53p v ViV

-b‘olﬁ

Fig. 6.3

OR

Measured count rate fluctuates from instant to instant in time.

{if) | spontaneous.

e | ]

The _.&.m of decrease of the measured count rate is unaffected by external | 1
stimuli and changes in physical conditions.

change in the rate of decrease of the measured count rate.

(b)

Uranium-238 decays into lead-206 by several stages. Lead-206 is a stable isotope. The
overall decay can be represented by the following equation:

U — HPb + decay products

It is suggested that all of the decay products are alpha particles.

Use the equation to show that this cannot be correct.

Explain which metal plate, X or Y, has a greater work function energy.

[2]

........... 12

Fig. 6.3 shows that photoelectron emission occurs in both metal plates Xand Y | 1
when light source of higher frequency is used. Energy per photon is
proportional to its frequency, and for an electron to be ejected from a metal
surface the photon energy must be greater or equal to the work function
energy of the metal surface.

Proof by Contradiction:

Suppose all the decay products are alpha particles and total number of alpha
particles produced is x.

U —» %ePb + xjHe
For nucleon number to be conserved: 238 = 206 —4x = x =38
For proton number to be conserved: 92=82-2x = x=5

Need 8 alpha particles to balance the total number of nucleons, but 5 alpha particles

to batance the total number of protons in the equation. Hence, it is not possible for all
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Section B
Answer one question from this section.

(a) | Explain what is meant by an electric field.

.................. e oot reeeraeeerssannnsbeseeannneessnnennezesasneeessesuneesnnnsnseesinnine | [1]
It is the region of space where a charged particle experiences an electric force. 1

(b) | The charges on an isolated metal sphere are uniformly distributed on its surface. Fig.8.1
shows a positively charged metal sphere A.

On Fig.8.1, draw the charge distribution on the sphere and the electric field around it.

Fig. 8.2 6]

Solution:

S

Fig. 8.1 {1}

Mark scheme:
« Distribution of charges: correct distribution, charges drawn on the surfaces, 1
twice the number of *-* on B compared to the number of ‘+' on A.

N « Field pattern: correct shape & variation of density of field lines, number of field 1
lines around B twice that around A.

« Direction of field lines, including field lines drawn perpendicular to the surface 1
of each metal sphere.

Solution:

f/ « Distribution of charges: correct distribution, charges drawn on the surfaces, m
twice the number of '-* on B compared to the number of ‘+' on A. 1
« Field pattem & Direction of field lines m
« Details: number of line around each sphere, lines drawn perpendicular to the M
» equal spacing of charge on the surface of sphere, and, 1 surface of the spheres.
» radial field acting outwards
« field lines drawn perpendicular to the surface of the metal sphere

(c) | A negatively charged metal sphere B is brought close to the positively charged metal sphere
A as shown in Fig.8.2. The charge on metal sphere B is twice that of the charge on metal
sphere A.

On Fig. 8.2, draw the charge distribution on the spheres and the electric field around the
spheres.
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27

28

(e)

An eleciron is projected along the line XY into a region of uniform electric field between two
charged parallel plates of length 20.0 cm separated by 8.0 cm, as shown in the Fig 8.5. The
potential difference between the two plates is 200 V. Between the plates, the electron
fravels along a curved path and exit the region between the plates at point Q which is
3.0 cm from the line XY.

eeriiieennnns ceeieen TP e, TP [2}

+200 V — —oV 20.0cm

plate plate

electron

Fig. 8.5

A proton has the same magnitude of charge as the electron, hence it will 1
experience the same magnitude of electric force as that on the electron.

A proton has a mass about 1800 times that of the electron (or much more | 1
massive than that of the electron), hence it will experience an
acceleration 1800 times less than that on the electron (or much smaller
acceleration).

Time spent between the plates is the same for both the proton and
electron, hence the deflection wilt be much lesser and the path is much less
curved.

(a)

A satellite orbits the Earth of mass M in a circular path of radius r.

®

Show that the period T of the satellite is given by the expression

{i)

Calculate the electric field strength between the two plates.

electric field strength = .........ccociicininniiinieeenenn. vm'| [1]
E =V /d =200/ 0.080 = 2500 V m"' 1

(i)

Calculate the initial speed of the electron projected into the electric field.

speed = ............. tereesaieennn ...ms'| [4

consider motion perpendicular to XY
Electic force F = gE = 1.60 x 107"° x 2500
accleration = F / m = 1.60 x 10 x 2500 / 9.11 x 10°*! = 4.396 x 10" 1

Usings=ut+%at?
0.030=0+ % (4.396 X 10™)2 ........ccoenne. @) 1
t=1.168x 10%s

consider motion along XY
Usings=ut+%at?

0.200 = u(1.168 x 10°%) +0 1
u=1.712x10"=1.7x 10" m s 1

T2 = 4r® r
GM
131

Gravitational force Fe provides the centripetal force Fe. 1
Fc=Fg

, _GMm
mro ==z 1

mNJN GMm

mri—| = -5 1

T r
T2 = R r

GM

(i

A satellite is orbiting the Earth above the equator with a period of 28 hours. The mass
of the Earth is 5.98 x 10 kg.

A proton is now projected into the same electric field and with the same velocity as
that of the electron.

Explain why the deflection of the proton is much lesser compared to the deflection of
the electron.

1. Calculate the radius of the satellite’s orbit.
radius = ....oooeeinnenenesscec e M| [2]
2
Using T2 = 373
GM
GM .,
r= 3 Nl\MM.Aq‘ v

, Am.mgo-:xm.mmxazv
4x*

=4.68 x 10" m 1

(28 %60 60)"
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32

Centripetal force experienced by both stars are equal, hence

2 2
MRw* =M,R0
Hence, RH = R,

M, R

Since the resultant gravitational force on the planet provides the
centripetal force for its orbit, the centripetal force is not constant and
thus the orbit will not be circular.

(iv)

M,

Given that —> = 3.0 and the separation between the stars is 3.2 x 10" m, caliculate

>§N
the radius Ri.

(2]

Therefore,

mAnMwa.NxSJ
=8.0x10m

=y

V)

A planet orbits around the star of mass M, in the binary star system.

Suggest why the orbit of the planet is not circular.

When the planet and star of mass M. are on opposite sides of star of
mass M, resultant force acting on the planet is large.

When the planet and star of mass M. are on the same side of star of mass
M., resultant force acting on the planet can be possibly be lower in
magnitude.

Hence, the orbit of the planet will not be a perfect circle.

e.g.

The star M. also exerts a gravitational force on the planet. As the planet
orbits the star Mi, the resultant gravitational force due to both stars M
and M, will not remain constant as the relative positions between the
stars and planet change during orbit. It will be the least when the planet
is in between the two stars and greatest when M is in between the planet
and M.

-- END OF PAPER 3 --

-- BLANK PAGE --
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(i)

)

(i)

Solution:
Ammeter reading = 63.8 mA
1 mark for
e Value in the range 50.0 mA to 100.0 mA.

« Ammeter setting: 0 — 200 mA. Hence precision is to 0.1 mA.
« Units included.

Record the voltmeter reading.

Solution:
Voltmeter reading = 0.529 V

1 mark for
e Value in the range 0.400 V to 1.000 V.
e Voltmeter setting: 0 ~ 2 V. Hence precision is to 0.001 V.
e Units included.

Open the switch.
Wire B has a diameter d.

Measure and record d.

d= 1

Solution:

dy=0.19 mm
d>=0.19 mm
d=0.19mm

1 mark for
e Value for d in the range 0.18 to 0.20 mm. (Value of d > Dand d <1 mm.)
« Precision to 0.01 mm.
¢ Units included.
+ Repeated readings.

The diameter D of Wire A and the diameter d of Wire B are related by G, through

DN.TQN
6="pa

Calculate G for Wire A and Wire B.

(d

(e)

0]

(1)

Solution:

0167+ 0.19°
h-u. = Iqﬂlm%mwﬂ =66.8= 67 33.»
1 mark for

¢ Correct calculation of G using candidate’s values of D and d.
¢ Correct units.

Replace Wire B with Wire C.
Close the switch.

Adjust the rheostat so that the ammeter reading is as close as possible to the reading
in (b),

Record the voltmeter reading V.

Solution:

0.399 v

1 mark for reading: Second value of V less than first value of V in (b)(ii).
Wire C has a diameter dc.

Measure and record dc.

dc

Solution:

di = 0.27 mm
2= 0.27 mm
dc =0.27 mm

Use the expression in (¢){ii) to calculate G for Wire A and Wire C.

G= 11
Solution:
0162+ 0.27°
G= e —528=53mm?
0.16 * 0.27
1 mark for

e Correct calculation of G using candidate’s values of D and dc.
e Correct units. Allow ECF.

More papers at www.testpapersfree.com



BP~273

puels joporoy s
ajn) axjew-jey
Buiky Burys
Sassew pue
Jebuey ssew
puejs jo poi -
afru agew yey
s
Bupds 1
i Buys Jaddn

‘youaq ay} 0} |9||esed aq ishw Buws teddn ey}
"yauaq ayy Buiyono) Jou are sessew pue sabuey ssew sy} jey) ainsug
‘B 00€ Jo ssew e Buisn ‘Z'Z Big ur umoys se snjesedde sl ojquiessy

LT b1

3ew
wo 6z e dogy pue oy woy
painoas (yybus)

wo og) Bus

pus woy yew
wo |, panoas
‘Buids o} pap
Buwys ywm doo|

*1'2 "Bi4 u umoys
se ajn) aJjeul-jley ey 0} Buiys jo yibua) wa gz ey pue Buws ay) o) pep Buuds sy yoeny  (e)

‘Buids e Ag papioddns ajnu aneui-jiey e jo uoiisod wnugyinba sy s1ebnsoau jIm noA Juswusdxe siy u)

(6] reoL
‘UOISNIOUOD JUB}SISUOI e o} Bujpes)
‘%1 40 Auiepaoun [ejuswuadxa ey} Yim adsualeyip abejuadiad jo uosiiedwior e
‘San|eA i OM) S,alepipueo U9amjaq sousiayip ebejuaoiad jo uonejnojey e
Joj yiew |

(1) u diysuonees ay) poddns Jou op synsal Aw ‘ai0jei8y) Auepsoun
jejusuyadxa UIUYIM JOU BJB ¥ JO SBNJBA OM} 1) JeU] SUBSW ) ‘% JO ¥ JO Auiepaoun
abejuaosad ay) spesdxXe %G JO Sanjea ¥ oM 8y jo aousidyip abejueoted ay) sy

¢-0LXE5°L

%G =00 x —E——===
’ g ¢ OLX €5°2— 062

souasaylp abejusdied

iuonnjog
[1]

*(3) ur diysuogejar ay) Loddns s)nsal anoA Jayjeym ueidxe ‘Autepsoun sy Buisp

'slojoe) [ejuswiiedxs
J8Ylo se jjam se ‘D pue A Jo Aujepeoun efejusoied 8y} woy psulLdep
S YaIym ‘%p S ) jo senjea ay) ul Ayulepeoun abejusosad auyy jeyy pajsebbns s )

‘spun ajeudosddy
‘SUOHRINOIED JOBLOD) o

Joj yrew |

wg =—28 9 _.

AMUA . 0LRGL= s ===

WA 0LX 6L = oo = 2ty
¢ € 8250 A

:uopnjog

[1]

= JO aNjeA puooss
= J0 anjeA jsiy

§ JO sanjeA oM} a)e[nojes ‘ejep noA Buisn

‘JUBJSUOD B S] ) B18yM
A=A

81 © pue A diysuoneles ey} jey pejsebbins sy y

(6)

]

More papers at www.testpapersfree.com




BP-~274

(b) Fig. 2.3 shows the measurements you will take.

Point A is where the line of the upper string meets the half-metre rule.

. l

point A spring

1
1
*
)
1
1
'

mass m

k - rod of stand

(i) M is the mass of the half-metre rule as written on the card on the bench.

State your M value.
M=

Solution:
63 g

(ii)  Record the total mass m of the mass hanger and masses.

3 =
Solution:
300g
(iii)y Measure and record the distance s between the rod of the stand and A, as shown in
Fig. 2.3.
s= il
Solution:
36.8 cm
1 mark for

« Precision to 0.1 cm
« Units included

(iv) Measure and record the angle 8, as shown in Fig. 2.3.

(c)

6= 1

Solution:
41°

1 mark for
e Precisionto 1°
o Unit included

Change the value of m and repeat (b)(il), (b)(iii), and (b)(iv) to obtain further sets of
values of m, s, and 6.

[6]
Solution:
$1 S1 Save o o o »3 + —Sv\ -4 tan Am\ J (m+M)
m/g fem | Jem | fem 8:/° | 02/° | Bue/ tan /e
50 (30.2302}302{ 51 51 51 113 1.23 381.9
100 | 311311311 S50 50 50 163 1.19 137
150 | 322 (322322 48 48 48 213 1.11 191
200 | 33.3|333}333| 47 47 47 263 1.07 246
250 | 34813481348 44 44 44 313 0.966 324
300 | 368 | 36.8!36.8| 41 41 41 363 0.869 418
350 | 393393393 38 38 38 413 0.781 529
o 1 1 1 o o Follow 3s.f. (Follow | Follow least
d d d d d d Od.p. | leastd.p. Special Rule | s.f. of (m+M)
p. | AP [ AP | QP | QP P of m&M for trigo.) &tan ©

1 mark ~ at least 6 sets of data without assistance without assistance

1 mark — correct data trend, i.e. as m incr , 8 incr and @ decr

1 mark — repeat readings for both s and ©

1 mark — appropriate column headings, quantity and unit separated, i.e. slash

1 mark — all raw readings have the appropriate precision, i.e. mto 50 g, sto 0.1 cmand € to
1°

1 mark — calculated values to correct d.p. or s.f. + all values calculated correctly, allowing
maximum 2 slips
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In this experiment, you will investigate the motion of chains of paper clips.

You are provided with two chains of fifteen paper clips with two spheres of modelling clay.

(a) Measure and record the length L of one paper clip as shown in Fig. 3.1.
' L :
Fig. 3.1
L=
Solution:
L=28cm
1 mark for

e Value for L in the range 2.6 cmto 3.0 cm
e Precisionto 0.1 cm
e Units inciuded

(b) Set up the apparatus as shown in Fig. 3.2.

nail —__ \_n_.l._*
L

chain-

sphere

Fig. 3.2

)

Suspend the chain from the nail. The number n of the paper clips below the nail should be 15.

Move the sphere of modelling clay towards you a distance of approximately 5 cm. Release the
sphere. The chain will oscillate.

(i) Determine the period T of the oscillations.

Solution:

For 20 oscillations, total time
th=249s
L=24Ts
t=248s

T=248/20=124s

1 mark for
e tgreaterthan20s
Repeated readings of t
Precisionoftto 0.1s
Recording of number of oscillations shown
Correct calculation of T, and correct s.f. for T (3 s.f.)
Units included fortand T

*® & o &

(i) Estimate the percentage uncertainty in your value of 7.

percentage uncertainty of T= [l

Solution:
AT=003s

ar x 100% = 9.08 x 100% = 2%
T T 124 0= %

1 mark for:
« Reasonable estimate of absolute uncertainty of T (accept At = 0.2st0 0.6 s, or

equivalently, AT = 0.01 s to 0.03 s since T = t/N)
« Final answer to appropriate sig. fig.
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U]

(e

U]

Increase the value of n and repeat (d) to obtain further sets of values of f until n < 14.

Solution:
n ti/s tis tave /S
14 59.6 60.0 59.8
13 17.9 17.8 17.9
12 10.4 10.6 10.5
11 7.9 7.9 7.9
10 54 55 5.5
9 4.3 4.3 4.3
8 3.2 3.1 3.2
7 2.8 2.8 28

1 mark — correct trend: as n decreases t decreases,
1 mark — at least 8 sets of data for a curve, and for the range of n not smaller than 7.
1 mark — column headings with units, and correct calculation of data

Plot ¢ against n on Fig. 3.4. The graph obtained should be a curve.

Fig. 3.4

1 mark — Good scale (No odd scale. Size of graph covers at least half the given graph
grid)

1 mark — All points plotted, and plotted accurate to %2 smallest division

1 mark — curve drawn as fine of best fit.

13

131

(i

@

Explain why the graph in Fig. 3.4 should not have a value at n = 15. [2}
Solution:
When n = 15, the lengths of both pendulums A and B are the same.

Therefore, their periods are the same and always in phase. Hence, they do not go out of
phase then come back in phase, suggesting that there is no such time tatn = 15.

OR accept other reasonable explanations based on students’ observation.
e.g. As n increases, the time taken becomes increasingly longer and longer. Atn =15 it
will take a very long time such that oscillations of the pendulums die off.

1 mark —~ Make meaning of n = 15 to the experiment
1 mark — Appropriate reasoning, by theory or by students’ observation to having no t
value at n=15.

Theory suggests that

NCn
t=A——+—
JC —n
where A and C are constants.

State the graph to plot to obtain a straight line to determine values for constants A and C,
assuming that the theory is correct.

]

Solution:

H\Tll;\Ol:

NN

1_1(£-n

~|L Jen

L U

t \,Tm o_

L U S

t L)\m T Al
Plot a graph of mmm y-axis against uP. as the x-axis.

t Jn

1 mark for:

e Correct linearization.
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Gases can absorb light of certain wavelengths as observed in the absorption line spectra.

A substance that consists of atoms and molecules may dissolve in water to form a solution which is also
observed to absorb light of certain wavelengths.

The amount of light of a particular wavelength after passing through such a solution depends on the
concentration ¢ of the substance in water. The concentration ¢ is defined as the mass of substance
dissolved in per unit volume of water.

The intensity I detected from a light source of a particular wavelength after the absorption by the solution
is given by the equation
I=ke"L"

where k, n and m are constants. L is the path length that the light takes to pass through the solution.

container - ——

L
Fig. 4.1

Design an experiment to determine the values of n and m.

You are provided with containers of different sizes and a monochromatic laser light source. You also
provided with the substance to be dissolved in water and the solution absorbs the laser light provided.

Draw a diagram to show the arrangement of your apparatus. You should pay particular attention to
(a) the equipment you would use
(b) the procedure to be followed
(c) how the concentration of the solution and the path lengths are measured
(d) the control of variables
(e) any precautions that should be taken to improve the accuracy and safety of the experiment.

(11

Diagram:

container
clamped
onto retort

laser stand /

Light sensar

D1~ Well
> > labelled
diagram
™ RetortStand - Data-
logger

bench

1%t part: Keeping the path iength L constant, varying the concentration ¢
Independent variable (1V): concentration ¢

Dependent variable (DV): light intensity /
Controlled variables (CV): path length L, ambient light intensity
Procedure:

Set up the experiment as shown in the diagram above.

Take one container and measure the path length L using the inner claws of a
vernier caliper. VAl -
3. Measure 50 cm® of water using a measuring cylinder. method  of
4. Measure 10 g of the substance using a weighing balance. measuring ¢
5. Dissolve the 10 g of substance into the 50 cm? water. Calculate concentration ¢
of the solution using mass of substance divided by the volume of water, i.e. 10g VIV1 -
150 cm?® = 0.20 g cm™. Pour the solution into the container. Method  of
6. Place the container in the path of the laser light. varying ¢
7. Measure and record the light intensity 7 of the laser light after passing through the ~while
solution using a photometer or a light sensor connected to a datalogger. keeping L
8. Repeat steps 1 to 8 using different concentration ¢ of the solution, by weighing constant
different mass of the substance in step 4 with the same amount of water in step
3, for at least 6 sets of readings. Use the same container to keep L constant.
9. Plot a graph of Ig I against Ig c.
10. Calculate the gradient of the graph. The gradient of the graph gives the value of Al -
n. Graphical
solution
2™ part: Keeping concentration ¢ constant, vary L P1 - Two
Independent variable (V): path length L experiments
Dependent variable (DV): light intensity I with two
Controlled variables (CV): concentration ¢, ambient light intensity sets of
IV,DV,CV.
Procedure:
1. Repeat step 1to step 8 of the experiment in part 1, but each time with a different v2 -
contalner to vary the path length L, for at least 8 sets of readings. Method  of
2. Add in the same mass of the same substance and volume of water to get the measuring L
same concentration ¢ of solution. VIv2 -
3. Plot a graph of Ig / against Ig L. Method of
4. Calculate the gradient of the graph. The gradient of the graph gives the value of varying L
m. while
keeping ¢
constant
A2 -
Graphical
solution

Additional Details:

1.

2.

Perform a preliminary experiment to determine the amount of substance required  AD1
and how much water to add such that all substance dissolves in the water. Adjust
the concentrations such that an observable trend can be obtained in the actual
experiment.
(Steps taken to align the laser light)
a. Measure the height from the surface of the bench to the laser light to
check that the laser light is parallel.
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