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The formulae below may be of use to you.
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QUESTION ONE: CAPACITOR TANK

Permittivity of free space = 8.85 x 10 F m’!
Relative permittivity of air = 1.0

Hannah uses a rectangular tank, as showninthe  0.80cm
diagram, to carry out a series of experiments .
investigating the behaviour of a parallel plate '
capacitor. The front and back of the tank are i
made of conducting metal plates 88.0 cm wide 5, em|

and 52.0 cm high. The sides and bottom of the |
tank are 0.80 cm wide, and are made of thin, i
non-conducting plastic. o

(a) (i) For her first experiment, Hannah
closes the switch to connect the
plates to the 50.0 V power supply.

Show that the charge stored on the plates is 2.5 x 10® C.
Explain why this value should be stated to two significant figures

€& 4
C%,. Hlo = c= =54
e crl 3. 50" (édg’té? x 9.52)
(0. 00%)
C= 506 0 " F

2= = 0 =(s0ex157)(50)
Q-151c8fe 052D |
Tha gfm valurs are of 2 S, thw Ha accuracg
’/b-ﬁ'ﬁrfej{ S oonly ko 2.5, qad of a maguk A
107, fu edm 0.03x07 & velafively igfonifreand.

(ii) Explain why the amount of energy stored in the charged capacitor is only half of the total
energy provided by the power supply.

£ 5oy = %(2-5#(0”2)( S50) & £ ¢3x10 9
G = QU =‘-CQ_,5!(0'8Q)(S@ u) = {.g,.»;o" 1.

M{J the endrgy legt & dar Ao €483y a(/ﬂ(/a«fzy
Qs bhesf 'f“t"vugtx fe clires, ahich  bar  Hew own
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(b) The tank can be filled with a non-conducting oil with a relative permittivity of 2.1. No charge
is transferred from the plates to the oil. There is a valve in the bottom of the tank that can be
opened to drain the oil from the tank.

For her second experiment, Hannah starts with the tank empty, the plates uncharged, and
the switch open. She then carries out the following steps in sequence to achieve a potential
difference between the plates that is greater than 50.0 V:

Step 1: Close the switch. -
Step 2: Fill the tank with oil.

Step 3: Open the switch.

Step 4: Drain the oil from the tank.

(i) Explain the effect of each of these steps. and how this sequence results in a potential
difference that is greater than 50.0 V between the plates.

Shep I dhe suitels closes, albes Ha ‘wuply” copuciter 7o
Chevge ¢y f 50U asd 25x0 % , . per sl

_%Li_: M faru o MJ Wit of(,. (ufl. elafh e ,demf#/u;fy
g/ 2. The capeatarce ‘heveaser by (s, buf e
tha (k[0 cloped, Hh poendal Mfferexce remain) 50V
ad  fuy  Ha ?mwﬁﬁ U's o/_lagt iherveages by 24 hwes
Q =cv).

Step 3 ‘ﬂu’— Sitfcl. s opeucol 6/@&('9 e Clecud- Mo
Crvent Cazu{ s du:?a flovs or monf fowm the
&/M/or plater.

Yp‘gg Gt e ol st dveined aécfv‘e-ﬂa/:g Fhe. Capda?évu
éJ 2-(  hwa. &M c&m@{ & comsecved, dhe pafensiol
/K&:emz( (Or‘fgm% 50 U) MCVEALES %7 2! Jumey (moretbon
S0 v) due fo Q=—cV
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(ii) Calculate the value of the potential difference between the plates that results from
following the sequence of steps described on page 5.

6*"5""‘“{ Welusy @ [, = 2.5« e, Cﬁ 5 peew’F, tl= Dov By

Sep2: G =CxU Q. =GV, =2IxCr =210,
fiace Uy = U = SOV whil ikl clojed,

S\!‘fis/#-: Q;=0, = 2.1>4¢, s'(nc_&..c..ém;e couterved ézy clorcd

——B  exhe ppe- o bax, fo pegelld)
For her third experiment, Hannah fills the tank with oil and closes the switch so that the potential
difference across the plates is 50.0 V. At time ¢ = 0.0 s, she opens the valve and oil drains from
the tank while the switch remains closed. The tank is completely empty after 12.0 s. Assume the
oil flows from the tank at a constant rate.

Sketch a graph on the axes below to show how the charge stored on the plates changes over the
first 15.0 s.

Indicate key values on the charge axis.

Charge (C)

0.0 " 3.0 6.0 o0 120 5.0
Time (s)
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(d) For her last experiment, Hannah now 0.80 cm
adds a third parallel thin metal plate
between the two original plates. The
new plate is the same height as the two !
original plates, but is only half the width, 55 cm
and has negligible thickness.

Using appropriate physics concepts,
explain the effect that adding the third
plate will have on the total capacitance
of the tank.

Tha wafal plofe i _foft & o(/eéudm@,fu o cndachr. Beaouse
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(b) By referring to relevant physics principles, discuss the validity of these two statements:

(i) Statement 1: For an object with fixed mass to have linear acceleration, it must experience
a non-zero net force.

SIE=ma, Nefore seond lon 70 s o forns (el fore)
Mafl— b @ medallont  occelrmfion on  dn objech with mag .
fhr 4 FO, SFw0, Mt [t wf free mak nmd be
O qad  fhse Wil b & wbolonced b fove laor/contond
aesteroton . Thuy  [lefewert | [ 4/2?,//;(

(i) Statement 2: For an object with fixed mass to have angular acceleration, it must
experience a non-zero net torque.

Sics To: T WY ﬁ%‘tﬂf@/wﬁvﬁom{w.w
oAgulay  accelerstion, éf? yotatond fertia T Z/ Ao nef

Sl = 0 then A =0 for o I Thas, for
2o, SHe ST #0, oid g _Mn~2cw%'r?_u ¥
Unbafonced, fuu  fheve puad be on  GntolBaced, Moa-Zero
nf  fogue  h loue onguler accelecation. Thes  pfeterent-
2 e uld
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For a uniform thin rod with total length x and mass m
rotating about one end, as shown in Diagram 1, the
rotational inertia / is given by 7 =4mx’.

While performing a sideways strike, a staff can be
modelled as a thin, uniform rod rotating about a vertical
axis through the centre of rotation, which is in a fixed
position. The centre of rotation is closer to one end of the
rod than the other, as shown in Diagram 2. The rotational
inertia of a thin, uniform rod rotating about an axis part
way along the rod can be found by adding the rotational

inertias of the sections of the rod either sideof the centre of

rotation.

Show that the rotational inertia of a thin, uniform rod of
length L and mass m rotating about a point a distance d
from the centre of mass is given by:

LZ
I=m| —+d?

Diagram 1

Centre of
rotation
B i

- X

Diagram 2
Centre
of rotation

g-d-r ‘

- L =

v——-*—ouw-—-*f
£-d

¢ Jma Uncforvn wiasg

Acitqbuted ’.«?ar[—-ﬂ.{d’

Shart e s mfotwer ke T, = 4 (5-d) () (m)

i l("‘L‘)(”'—M3

Long e T, = i(waf)(é:i*)(n)

L'__‘_j: 3("")62 ‘Fd\

= L+ = ’L('”)(z" e A (54 dY

T
T-= 4(5) [——«at)3+ (£ ) 7
I =

(A [F +% .,4) 3 (o) £ (-dY 5 +E ()
(o”) t Ca!g)

'1

(#")[-4— +'3Ld j =

P
)

= Q 3
m(fp+ d') a) reguind.

+3¢-)
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(d) Ben makes the staff rotate around a vertical axis by applying

two horizontal forces F, and F,, one with each hand. These (viev?;da%zaﬁagow)
forces push the ends of the staff in opposite directions, as A

shown in Diagram 3 (viewed from above). The forces F, and F,

produce a net torque that gives the staff an angular acceleration

about the centre of rotation. The forces F, and F, are spaced Centre

equally from the centre of rotation and are applied perpendicular o oo

to the staff’s length. The centre of rotation stays in the same i

position.

(i)  Discuss the relative sizes of the forces /| and F, needed to cause the staff to have an
angular acceleration while the centre of rotation does not move.

The ey Comst be e oot g — [ mlt be gamc
Tois & f2 Comlpencate for  fhe -2t 41(2.145:"0“‘@&9@( e o
e (oager sole of e  gloff, o Hat He f(m?uu-amudé
Urbolotiol  and  fe forgue A f [ mwm/ﬁa#45

malss mMay move puf /A(! it nd M(c‘\ M neof
(i) A sideways strike can be blocked by holding a
second staff vertically in front of the rotating
staff.

Explain the position and direction that the
blocking force should be applied to stop the
rotating staff most effectively.

Explain the effect this blocking force has on
the motion of the rotating staff.

Source: www.reddit.com/r/martialarts/
comments/13cdmpy/mau_rakau and
wharetutaua/?rdt=43199

Gl Steffe Camect, a Pore i 6?/[%?/ dgﬂzi% Hhe

rolafing Yo This /s forgue that  opposed the vorasion of

/0/41 ﬁ*ﬁﬁf@id Mﬁ&% 1 'ﬁp}g&q :55 #&:% cﬁﬁi #ﬁ%%{%ﬁéﬁ
of%cM YA /kafehﬁww&aguagmm
fha &W@/&WM@,&/&/@M anel fhe dpance
pom At ploatng poine b greatk (). Siace £ sl rogre
B sef ol TS, A"%"‘ refr me(hww"g”}i#@ blais
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QUESTION THREE: LOOPS AND RINGS

Acceleration due to gravity = 9.81 m s

. . . o \ Resistance
A long, straight piece of thin resistive wire has a total Stkes

resistance R between one end and the other. The piece
of wire is now bent into a circular shape and the ends
are connected together to make a single circular loop.

A resistance meter is connected between two points on
the loop, P and Q, which are separated by an angle &
around the loop as shown.

Point P remains fixed at the top of the loop, but point Q
can be moved to any point around the edge of the loop.

(a) By considering the resistance of the two sections
of the circular loop (clockwise from P to Q, and

anticlockwise from P to Q), show that R, , the total resistance of the loop between the points
P and Q, is given by the expression:

R6 e

RPQ:“{E(I—E]

Lesiverse  onhdocunite = f@%%} f(_.u - Ll - Qg)
(Bes;ffw clocarde = Z(?ft)

L'yé‘cﬂ“!y /ﬁfrf ¢ q /am/&i ltai “’/4 fho ellffort.
. ?, t 5 2(1-5%) -7 ’{E‘
S5 0 S e )

H &g ) = (&

L = ﬁ({,%(’*z’%\)

iy %(’“2’5) os _ reguived

N

iy
2,

7
Roo
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(b) Explain, using physics concepts, where point Q should be placed to give the largest value of R

PQ?

and determine the maximum value of Ry, for a length of wire with resistance R = 10 Q.

ﬁﬂz = R é’f "5) Moxtvninm meslifance when Yo Auo re ikicey gre
e, b Be B B o Ho it ke equall rediifive
W(;, Yoo flan o by malihee foih (ehlch tore chage fcurent
ﬁ_ow Amoﬁh) 2k 02¢ wove verlipo ro, hick bhes Jegy ovec vestana

fo- SE(1-Z) = TB2 950.

(c) A square coil of wire with mass, m, Noe a
resistance, R, and number of turns, », Mambee of i n
falls freely into a uniform magnetic Resistance, R
ﬁel.d as shown. T@e effects of air “ “ - 5 G
resistance can be ignored. L .

Magnetic field
. “y . strength, B
(i) By considering the forces % x x % « .
acting on the coil, show that the
terminal velocity of the coil as it i
falls into the field is given by: X X X X x
mgR
i )
BL'n X X x X X

Tevminak Mcfr{y 2 Codblnl welicdy fotor eve babucd,

Gomg.  F=uly Fo.8IL. . UmBL=IR
n9 w«KL(%)

6:»?:3 oo s =l oo

Mg wBL(HE) = mg = KB,

R

v FE wogid

g (note . Fo = BIL for 0 leop, fo For n loops/oolls
Fo = uBIL. Come for U= vBL = \= M&_).
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(ii) By choosing realistic values for m, n, and L, estimate the terminal velocity of a small coil
with resistance R = 1.0 Q as it falls into a magnetic field of strength B=1.0 x 10> T.

Discuss the motion of your coil as it enters the field.
e Mol : & 1004 &
oo pPetDT  ME (009 & 0.0 kg,
n R 100 loops cils/ byms. L= [Sem = O.15m

PRCHISEIE) L ot

L1109 015) (oY

The tol [ :2},441{7 dcderchag  dac to  gravity. My £ eutos
the feld, Fhe magube force  fows/deoectes Joe actleretim, o
while. Ie ol S contaner follg Fek, i dbes so et g
Nower yet.  (ikutictly, (oo forces are bolomeed and fhg nef

wclochon & O,  ad  thr  smoH colt deadse fmbal, tonstat [

Ulocity; ag (hown abee.
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(d) Asquare coil is unwound, and the same piece of wire is used to make a second square coil with
sides twice as long as the original coil.

Use physics concepts to explain how the terminal velocity of the new coil compares to that of the
initial coil when dropped into the same magnetic field.

Reslgionce. 16 He ronit, wpast 7 tho some. Sihs pice as (rag (2¢)
b L Slarease Mo tendnal velotiy b Jhe  (arx  aggmnetc feld 4
e gamne a éy '6 __.//am»*ef, b Hy fantk_ plect 3t eice  (some
fotal GuoM ) i) meos e aunder of  Colle Must have belied
(5). T foor lowveases Mo fore ol fus hflucce 4 fie
magratic  feld &y '4' 0n fht ol Huy flo ferrdral velocky,
Iharenses by 4 g T chesge a (s dupad en the
torce o [ pogrche fodd B eoclly counfraerod by Ao chasse
b o wesbe ol beccute fondbmetly, # B cn Metcot

Love Madag  floongt. e frelod. TAY, fheve i no e £ e
fembnal  vietaey.
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QUESTION FOUR: LASER COOLING

Planck’s constant = 6.63 x 10 J s
Mass of a sodium atom = 3.82 x 107> kg
Speed of light = 3.00 x 10* m 5!

Physicists use lasers to transfer momentum and slow down gaseous atoms. This can cool a gas down to
temperatures close to absolute zero.

The momentum of a photon is related to its wavelength by the relationship:
h

A

A laser of frequency, £, is shone into a container holding gaseous sodium atoms. The energy of each
photon is slightly less than the difference in energy between two electron energy levels in a sodium
atom.

Gaseous sodium atoms can be moving in any direction, but for the purposes of Question Four, we will
only consider one-dimensional motion — either towards or away from the laser.

c

——

Photon with frequency. /°

(a) Explain which sodium atom, the one moving towards the laser or the one moving away from the
laser, can absorb a photon from the laser.

Torerndy. Tho Sochiu ot moding  fuacd) the lozy Copujences
éaﬂy/tﬂfwn o the laar wevefrontt,  fhar Ak obsened /29# UA/U}WJ
lopde sift and  the trgaeecy §  dorcaser  Reaupe 142 ercqy

of ek phaton 55 EX (pryetoncd p fagesy), fhe lier
W pleton by mare enzy ard las (s oSl h U He
sy dference bepein fuwo clachron onssy losels I Jor Soieun_
d/"h( fies elehrons pre cile A pwvr o an exlfed defc dud
fha  foditnn  ohem G @ok 1% The Gy wining auay, Okgeres
4 faur»/»zg,(%m/{ﬁu% Phioton s ik cpanel HU Fhe
@Yy "{fkﬂﬂd; goad  fhu  cogneg CErVE A f/wAM.
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(b) Explain how the momentum of each of the sodium atoms, the one moving towards the laser and
the one moving away from the laser, may be affected by the photon.

(b momentum o e afom moding foiard e loer CAU obcyear:
Becowse tat  phofon ard afonc ere Moving k. eppoie Mrechon
bowdls each oflts fotel movenfui G Mk Mfoias i soonandipn.
As o voulh He mognhd & lho momstin of fle godin s
wwu?«a toved  fhe (azer poudk /?'u\/y decresse olul fo the phefon.
Toe  gpom Mouf'@ Oty frem At log, citf—ferem—Tar—ard  the
photon  are Lo, dovellig ko the s divedon, s thelr fored
Mementm 3 fhe san f M fpvldad pomeads. B G sesuth 2
(itdy Hat the afoms momethine U jicree clie fo Pl phator, ff rF
colidy oc  potentally hgots (W fho photer (3 A Ligber freguess),

(c) For an observer moving at speed v, where v is much less than the speed of light, the apparent
change in frequency Af of an electromagnetic wave of frequency /, due to the Doppler effect, can
be approximated by:

fv
Afr=L
‘ c
A transition between energy levels in a sodium atom occurs when a photon with wavelength
5.89 x 10”7 m is absorbed. The average speed of a gaseous sodium atom at room temperature is
570 x 10° ms™.

Calculate the percentage change in momentum of a sodium atom caused by the absorption of a
photon with wavelength 5.89 x 107 m. ¢ = = S;pr— o' .

- Question Four continues
@9‘3 / a, 2 C on the following page. )
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(d) Despite being used for slowing atoms down, this process can sometimes result in an atom

moving faster than it was originally. After absorbing a photon, the sodium atom can then emit a
photon when the electron drops back down to its original energy level. The emitted photon can
be emitted in any direction.

Explain how this process can result in the atom moving faster than its original speed if the
photon is emitted in the same direction the original photon was travelling (away from the laser).

Conservtppon o  Morscatiom 'm’.-l;,u the Mitel o  fuaed m

oY the sy po b eguat-  len too plhoton [ edted i fhe

: forr . .
Jams olivechon a4 He  orjgind é@ (e o e bfl) Hir monendn, |

1 Conntrcitio by mbmme an  torar Kt reonenton o He

fda, ate Kk #, opeilée. d(fwm, fowenely oo lomr (I e
Semi foechon 68 1wty foeslling oty Tra flofon morcagin
asA e dariage h  todlan psomatmn sre b c’?/pazf/(/ﬂnfflu ar A
Hos  nat, ladas frl monsitun couerved, bt 4f 2 vepty te

bollin  hhp  ares feifer g the SO lirecfa. #Um»'éi:.) e
phooton
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Extra space if required.
e Write the question number(s) if applicable.
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Subject:
Standard:

Physics
93103

Total score: 28

Outstanding Scholarship

Q Score | Marker commentary

1 v High level scholarship understanding of a novel capacitance
context.

2 v High level scholarship understanding of mechanics in the
angular context given. Clear evidence of mathematical rigour.
Outstanding understanding of a variety of electrical and

3 8 mechanics concepts. High level mathematical manipulation
demonstrated.

4 6 Scholarship level understanding of modern physics in a unique

and challenging context.






