Name: SOLALT L

Teacher; ¢

TIE ALLOWED FOR THIS PAPER

Reading fime before commencing work: Ten minutes
Working time for the paper: Three hours

MATERIALS REQUIRED/RECOMMENDED FOR THIS PAPER

To ke provided by the supervisor:

= This Question/Answer Booklet; Formula and Constants sheet

To be provided by the candidate:

o Standard items: pens, pencils, eraser or correction fluid, ruler, highlighter.

¢ Special items: Calculators satisfying the conditions set by the Curricuium Council for
this subject.

IMPORTANT NOTE TC CANDIDATES

No other items may be taken info the examination room. It is your responsibility o ensure that you do
not have any unauthorised notes or other items of a non-personal nature in the examination room. f
you have any unauthorised material with vou, hand it {o the supervisor before reading any further,



)

JOYd 1IN 338

W) 7 ywd e pregyriord fo PP sg00)

"SI0
ayl w modte ue Busoeid Ag wiod gim ojpesu
7 AN

ssedwos ay) jeyl yopoallp oy} sieaipy (g
i M
ﬁNv\JsifM\w\wa W s ,w
£ 3 ]
M w %M/ Fi & 2, W
P YO A B
oAy M \a\@@ P4
VO MM\\V : L m W “Jeufiew yoes Joj sauy
Q@ B \\\\ﬁlt/ m pial ¥ 1589 1B melg "sleudew sy punale
. p * uotbes sy ul pek onsubew s ynlavis (e
Pl 1 g j N ‘gjeubeLy
3 ; i -
i ww ME@Q A, . LR N ayy Jesu paoeld st ssedwoo v yousq 1By
o / sseduro B o uogisod u; pexy ate sjpubew jeojjuspl om]
3l e |
7 @ Z uonseny
n W ALTA v o omop WD Pl S
AL
T "Ajauq uie|dxg Aiepuncg siyl 1e anooo o} uoios|isl (suseiy) jejol ol sjgissod u sy (o
ﬁ@ \UX,\QLQ%J W w)% BE @oﬁ a%@k mu)w

Hem chocoo PIIOS SU] U] S|SABL SABM PUNOS 81} USUM SJUOY
anem Jo wianed jeieusb sy s1eoipu) weibeip eyl UC UMOUS S8 Jalem BU] Ui sjuol)l enem ay (g

© e

‘sa|bue
sieudoidde aleoipl] *81a1oU0s 2U) OJUl SIaBISI )i S2 SABM PUNOS & jo led ajgissod e meiq (e

| PWoOU wiatk Lappang g%%%ﬁwﬁ S0yl

SABM PUNOG

j m BIBAA
[l 31al3u0)) pliog ]

WED B 10 jjem a}al0uod plios e yiim \Cmbr_:.un_ £ leall Q1 JsleMm rmm:O.Eu S[BAEL] BAEM DUNOS ¥

1 uopsany

"SEINUIL 0G SI L0iI0as Sy} Jo) awn Bupjiom paysebing
papiroid 9oeds S} Ul SIOMSUE INOA AL "SUONSanb e Jamsuy "suonssnb g1 Sey uonoss siu|

{syael 75) %0¢

osuodsal HOYg 19up UCHOeS
€

2

110z s918ALd ¢ ab=ig



4 Year 12 Physics 2011 Stage 3

Guestion 3

By banking the curves of racetracks it is possible for vehicles fo turn in a horizontal circle without
relying on friction. For a car of mass 1 700 kg the angle of banking is set at 13.4° above the
horizontal. The curve has a radius of 171 m and the car drives at a speed to maintain its height.

Vector diagram

30

a) Draw a vector diagram showing the forces acting on the car and the sum of those forces in the
space indicated above.
(1)

b} Calculaie the ceniripetal force acting on the car.

s 3 4 (3)
| RV N VS Vo R !
) . - ()
- M.w@{“r\, ?.w 14 =T [ o & S
o &
-~ Q. = M0 X 10w (2%
W\..wrnw) oo™ L ..W \ @ F
L = 29 ge N Fodacds et

Question 4
a) What is a neutrino and explain why it has proven to be so elusive to find. \\_\ @

&) mmsw\mm‘m.m\ma(@ i, (G A%%chCNC“@ fe NOQ\LM( ﬁ\fﬁ IR M wr/ v e, ﬁh@a?%xm.

b oy (et 3e0) L) st (sfadl T,% oleboted ) .
e
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e
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F

)

(2}
b} In recent weeks, at CERN, it has been confirmed that neutrinos have travelled faster than
the speed of light. What impact will this discovery have on Physics?
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5 Year 12 Physics 2011 Stage 3

Question 7

A 70 kg skier is on a frictionless slope. He follows a
circular path of radius 11.0 m as he goes over a mound
and has a speed of 7.60 m s at the top of the circle.

Calculate the normal reaction force he experiences from
the mound at the top of the circle.

Radius 11.0m

b dop |

T = MY (%)
S e (4)
Mw\c.l

w

- 0w e WO G ¥

,\t}
i
= -3.{{¢ro ~ (& <73
Pt
- . ) o
L e > 3iENd ﬁﬁﬁw m

Guestion 8

A jet airliner is flying due South in the Northern geographical hemisphere where the Earth’s
magnetic field has a flux density of 5.20 x 107 T at an angle of dip of 54°

R
a) Sketch the alignment of the ffm,,w //f /
/ B

a,

Earth's magnedic field lines

relative to the jet airliner on the I // _ . N
a,m@ﬂm,g_ “.s&omﬁ_zm any angles P G - o =
and direction. bod T

b) Calculate the emf induced across the 60.0 metre wingspan if the jet has a speed of 140 m s

= byl O (3)
& &
T 0o x S w140 v ko (D

P ,!,ﬂ
= 3. 5¢wio V@

c) Circle the best response. There would be a build-up of electrons at the:

o T @

‘. A West wing tip B. East wing tip C. Middle of the wings

SEE NEXT PAGE
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B Year 12 Physics 2011 Stage 3

Question 10

Negative plate A charged pariicle enters a region betwesen 2 parallel
charged plates. The plates are separated by 4.00 em. The
I glectric field strength in the region beiween the charged
Charged plates is 8.75 x 10* vV m™.
Particle a. Calculate the potential difference between the plates.
— 4.00 cm ) Ty (2)
© oh > Loged n & v
R RV B R B Ay
FEP Y o’ Vm ﬁm, NMW
Voo 4 AA » .
o e ﬂ.mm ﬂm T
Positive plate = 5 gt e VY
- I/ £
Vo= 3 Sy TV L

b. The charged particle experiences a force of magnitude 2.80 x107* N that causes it to deflect
towards the negative plate. Determine the magniiude and nature of the charge of the particle.

P SR ..Lﬁm.g_w i .
= J-xg € =F J o (3)
o,
o - £
m\\ - H\: i \,\ P £ ammw
~ 2 xio | £ TN e
~1G¢ [asiFios )
=t 3 N O G Mww%mr bz
7
\_,\wx
0,

Question 11

The graph shows the X-ray spectrum from = target
metal bombarded by electrons with a supply voltage
of 33.0 kv

(Photon count)

lntensity

a) Explain why the spectrum has two distinct
spikes?

kY P ol ! M\a
DI vy Mfalolan PRS0 I @w\%}

b«,@mﬁ Sa%4 owm;h\m\mw ot m_\%

AL O w.(m@\w Mo gindd - Lm&\ vl M
0@&% %w@% fc\ g\m\f?wﬂw%\: .ﬂwﬁw r\%,

b) Sketch on the graph, the general shape of the X-ray spectrum if the supply voliage is
decreased to 31.0 kV. (2)

b dore P
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SEE NEXT PAGE
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Year 12 Physics 2011 Stage 3

Section Two: Problem-solving

50% (90 Marks)

This section has eight (8) questions. You musi answer all questions. Write your answers in the
space provided. Suggesied working time for this section is 90 minutes.

Question 14 (13 marks)

A satellite is in orbit around the equator of the Earth. It has a mass of 14985 kg and is at an altitude

of 1.91 x 10* km above the Earth’s surface.

Ewu M,mxmﬂﬂﬁ&ww .
; T
b= 9 e ™
i %
o= i + ¢
L
n‘lam.,‘mvw KD

27

View of Earth from
above North Pole

5 %n , "
Y Oy T\P P%ﬁv
24 i X B
I
T (o
b %
e L b c.m,tmw %3@ m%xmw
H JT—— S
G e
‘o @

b) Explain wheiher or not a satellite can be geostationary at this alfitude.

{1}
KQ{W

£
Ien, e
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o Spetfe

Of\mxwm L %..C@.mwﬁ Huw\m.(ml\.tﬂi anu
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ze . @)
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vt fororhle ook O
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SEE NEXT PAGE
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Question 15 (13 marks)

Stage 3 Physics 2011

is released

An eagle has captured a fish and is 14.7 m directly above the water when it releases the fish. The

ignore air resistance for calculations

i ish.
eagle is moving with a velocity of 5.20 m s™ at an angle of 36.6° above the horizontal when the fish

Thig diagram is 1H4.7m
NOT to scale

e

aj

e 2 S Ene
- 3 toms " (ep)

Calculate the time takan for the fish to reach the water

u\ -
/M.nl = {M Wi.m
-
= L3 e 2w G-doit
‘,m - 177 ~f @?x\i (L)
S L AV - S
,wm; p ..ﬂw
G
¥
. by M\Q;M»JJ.W
© £ 2vogs W
R,
M;M mwmw ™ \...W. nammmm
._Mri,m VLA rx&\r\\m
P w mut.m. .r!WMsr\.
R I T S Mx?.m.
7
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14 Siage 3 Physics 2011
Question 16 (12 marks}

A mining company use an electric pump with an operating voltage in the range 1.25 kV-1.50 kV.
There is only a 240 V supply available. A transformer is used to step up the cutput voltage to 1.50
kV. The secondary winding of the transformer has 2000 turns of wire.

input Output
240V /1 1.50 kV
&

o e Cables

Transformer

Electric Pump (V4 = 1.45 kV)

a) Calculate the number of turns required on the primary winding of the transformer.

. : . ¥ / (2)
fﬂ@ = AN OV £ ATAN
/ . = A
i, = Y00V Ve N
]
fmw nasmvm\m o M/mmw - Mﬂmww\,ﬂ& 'axem\umfﬁmv.ﬁhhm m\ww
* ~ A o
g LS
£y
Np = 320 Jweag WY

The transformer has an elecirical power output of 6.45 kW. The underground pump is connected
by 1.10 km of cables ic the surface. The poiential difference across the pump is 1.45 kV.

b} Calculate the total resistance of the cables. {4)
i
L el P Vi . 0
Porer = £ TxLg T p otf Yo~ U W,Wwb
‘ . ~ \:M...H = i sl....lt.izt....i T - nﬁw -
Verr = 15000 >V FTOp T
o W
4 b ™~ 4 —_— Mfts\\\
e ) o 1Seo - Y TO 3N
Viars 8
_ / YO
o .\M| M\M\a‘w

. . : £
R&&Q&g = [fbwn- e

SEE NEXT PAGE
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16 Stage 3 Physics 2011

Question 17 (13 marks)

The diagram below shows an AC generator consisting of & rectangular coil with dimensions of
14.0 cm x 21.0 em, and 800 turns of copper wire. The magnetic flux density between the poles is
8.40 mT. The coil is turned at a uniform rate,

a) mxvmmms the function of the components labelled SR and B.

2 Iy
SE = {yo Q@E G, hD %,\Tw e foe onnattg o 2)
(m(».. VL m,xm\sur.m., Mfk

L

=

3 u, . .. Ly 4 «\ Q. bida B2 £
b= hrushes wehieh comedf o I pouser s o
0.

Hemrt?

b} Referring to Lenz's law, explain how induced emf is achieved from such a generator and why
the output is a sine or cosine shape rather than being constant.

3)
Cocl r Todeg ,@
mﬁ@&, & @w@x L tad, &«Q&&W@ %m Gy ARSI, )
¢ ; N
Qx,_f?&w\r Crreifan S0 G \6%&\ f
| ‘< de n\um
Mg — A m,mﬁsm\&, e Nﬁ\ &%mu‘? m,\,‘ \m m\\ mﬂ\m mi&m&&
4 - . . . ﬁ\v
ngc&mnm %G@&Qm@uf}ﬁ ﬁ&%@ﬁﬂ Sinll O
ki mw
%imi« Mep 7V I A L
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18 Stage 3 Physics 2011
Question 18 (13 marks)

The diagram below details some of the energy levels for a metallic vapour that surrounds a star

OeV Ew

-0.81 eV E5

-2.20 eV T E4
W

347 eV - E3
W

-5.54 eV WL E2

-8.92eV o ek E1 ground state

a) s it possible for this atom to absorb a .50 eV photon whilst in the ground state? Explain
briefly. |

N “Thindt o g nlrgey ﬁwc@m &%\Mﬁx&ﬂﬁ (1)
@\\.‘W i

ook do -S0e o

P F T F
maﬂjmw e

by Whilst in the ground state the atom absorbs a 6.72 eV photon. How many fines in the
emission spectrum would be possible as the atom de-excites? Indicate them on the diagram.

Number of lines = £

¢) Calculate the longest wavelength possible in the emission spectrum when an atomic electron
at E4 can de-excite by one or more steps to ground level.

. ; 3
ﬁm»mgﬂ X = lowieat ?ﬁ&w@ » smaddesd es @ )

S & _
S0 Cuwere T B mv _ v
15 e G e

- 0.G7eV = 090 [bxre” | 2 Y x0T T

. W\W E. T.+ =~ T, mw.,
* ; \,:
] ¢ o ?.Wfﬁ «, i ...l.
no= mm..m._g wmnww,ﬁ,& « 3wl = [ LEv 1o @? -

E 1 ko7

d) For the wavelength you calculated in part ¢) state which area of the electromagnetic specirum
this belongs to.

500 A @
(F2aoey ,,

s

SEE NEXT PAGE




J9vd LX3IN 338

bmooyon jroocsrry T

(“)

oh prn g S

m&t&m mw\,\ \N\w\m@ ﬁ\w ? xw\m{m@ l VYL w%\w
~ckesqy T T \w%\% S@r T2NRGy o D

Loy mmw VPN A0 ﬁ@.&;mg R m\\
(2)

W7
¥

snbiuyos) sy} Jo ssjdiound jeusuiepun
eyl uieidxg “Axelel e jo peeds ay) suluielsp 0] jniasn osie s| winijoads uopdlosqge suy sy (B

xk\i\wx NWJ%QB \w\.w

E?}ﬂ% \J\) ?x%ma wa W(%Q M b

Pl ¢ 5 VT g\w
\3
i 19
. AN \\)\W\% <7 w\m\, \A\w \\iﬁ%\«
.mmf
RRkSes A o ._&w 2d ¢ )ﬂ\&a [ F ?3.»&\? ) 7 ,\ﬁw\vwﬁm u\m e
) &EE R & %3@ %mw\m T f?;muéuid ?\3
"spnojpo seb pue sigls 1o com_manoo au) sulLLIBlEp O} pesn
aq ueo saixelet weysip woly WY jo wniweds UoRAIOSGE Ul B 10 SisA|euR moy Ageuq ureidxg ()
§ it P R 3
LA T SRS WD | e Yoz | 3
y: ad d 7 w7l
Mgwamxﬂ .LJ.«TM n.w\lmwu..w h\w ¢ x.\haa.:\;\‘ 1wmm ¥
3, Ny e . H a _/!u mnk.l
JEMW d.« \naA‘maw N o T
e wm} & r ik m_l N I
APLLs = (i 19 AT L27 L 3 &Y
ANETLT = §4 8~ 19 NTIL 8 = i3 &
. _ g
I U APSLS = 3efy
{A2) WOIE 24t YlMm UOoBIsIL] 18]l (A9}
ABlaus uonos(a Buiplequiog s|qisSsod uopenoxa-ap uo ssifieus uojoyd sjgissod
’ zw\w .M;xﬁ,w\mw%w MM\\N { MM\W U el
(€) O -

3y -
foa 8 Mo nit
O LA R

LWIOIE 8y} Yum suonoelalul sy saye saibisus uonoale Buiplequiog gigissod
8l pue UonENoXe-8p U 8j(eAlssqo salbisue uoloyd ejqissod syl mojag ajge) aui W ieleg (e
AS 0L'9 Jo ABiaue onaup e E_.s\\\}J

§Q Aq pepleguiog st 81215 punolb syl Ul wiole 21Buys v
, q,mé%wy . ,\a%;mﬁwﬁ
51 : w\ i\ T~ :_3“ mba@;x s
a\w\rw i

L 10Z soisAuy4 ¢ sbeig



20 Siage 3 Physics 2011

Question 18 (13 marks)

A simple musical instrument consists of one steel string held in tension between two moveable
bridges. The string is plucked between the bridges so that a musical note is heard. When the
sound wave is analysed it can be seen that several frequencies are presant at the same time.

&—— lengh — >

Tension peg

Moveable bridge Moveable bridge

a) Explain why several frequencies of sound are present when the single string is plucked.

‘ 3 2
Simed L G g ?&:@i&, LpT 1 9 q@%&%&x&ﬂ%\m @)

QS);W (=g ; .

oS  ofte, Parteong { U NOnEG )

?f&hw%(ﬁﬂ;é mwv%.w&h\m {idr 14 m\ﬂmi kY ﬁw m L.w
{1 e

",

- %,
ol rpie, Ofttidaan }
b) Explain how standing waves can form along the string. Y POy W
M L i " p .V.m - N
s A phaddind | Tramiyaas witianas nedaet OCmmmv 4 (2)
Wf&m%vm L/ f ; = \M ?w\ 1\ .
{

Iy w@%\m&m@% Mun cede Oudt ﬁ %\g LTV s il d

O redisoils « Sated At A Cog A Nj LRt
. - £ V4 1 ~ ‘1‘: e .\Qm .

: st A N YTy R L P & SN & RV v lr &F

;w.w\wm.« %TPS» b\f%\m\b Q < .m\.«. %u\w fr vtk Ty w,\\w \.m\mum w\%\{ QN

A 1 1 4 . M m r . £ d
cangtraed weg @%&w wodes] & degTroanf v m%&mmwuvaﬁvi\g

¢} The length of the sfring is set to 30.0 cm and the speed of the transverse waves along the
string is 535 m s™, Calculate the fundamental frequency of the string.

(3}
[ = 24 S V= A
e (= ¥
A =de oy = T
d@@fr.mm - 5 n

ij

%m 2 Wmﬁ\i@ mk

SEE NEXT PAGE
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Question 20 (7 marks)

Stage 3 Physics 2011

The figure below represenis a DC motor whose coil is initially stationary
s JK=LM=16.0 cm

KL=JM=12.0 cm
e The coil has 120 twns of wire

e The uniform magnetic flux density between the poles = 95.0 mT

e The current in the coil is 6.30 A when the motor is swilched on and it furns clockwise

Qowmﬂmom..

switch .\\WM Y 7 o
- > split ::.nmn
o e commatator
Terminal polarityf ==~{ ;

Terminal polarityf —4
<4— D C power supply

Sy
grr—

a) Indicate the positive and negative terminals on the DC power supply for this direction of L
-~ . mu A x
rotation &{W

b} Calculate the force acting on side LM of the coil when the swiich is closed

,mms = gl (@)
; S T
2 g < b3 a4 Ko X b e ()
= [1.U s (olown)
¢} Calculaie the maximum torque that this motor can produce.
v o : - R (2)
= Pwva, = Ng%wﬁ% ¥ oSy

28 A codewise

d) How much torque will the motor produce when it has rotated 90° from the position shown
Explain. ﬂ\\_JM o ﬁ . :
xw,..\ = o Sl Qmﬁ%\w { i K P Q\Wﬂh\ (2}
Jarteed m&é T
e V= 0 ©

SEE NEXT PAGE
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Section Three: Comprehension 20% (36 Marks)

This section contains two (2) questions. You must answer both questions. Write your answers in
the space provided. Suggested working time for this section is 40 minutes.

Question 22 Hubble’s Law (18 marks)

When a source of waves is moving, a stationary observer notices a change in frequency of the
waves. This effect is abserved for both longitudinal and transverse waves. For example, if an
ambutance moves towards you the sound frequency you hear is higher than the frequency its siren
is emitting. This is known as the Doppler Effect.

If a source of electromagnetic waves, such as a star, is traveiling away from an cbserver then the
wavelengths of the lines in is electromagnetic spectrum are shifted to higher values. This is called
red shift. An equation for the relationship is as follows:

A) v z = red shift
z=— It can also be shown that z=— Aj. = change in wavelength (moving source) (nm)
% Cq . = wavelength of stationary source (nm)

v = recessional speed of galaxy (m ™)
cp = speed of light in a vacuum (m s™)

Edwin Hubble analysed the red shifts of various galaxies in 1920 and deduced that most galaxies
are moving away from the Earth, this suggests that the Universe is expanding. Hubble also
discovered that the further away a galaxy is, the bigger its red shift and the faster it is moving
away. This relationship is known as Hubble's Law and can be stated zlgebraically as follows:

~=H. d Vgalary = Tecessional speed of galaxy (km s™)
0 d = distance to galaxy (Mpc)
Ho = Hubble's constant (km s Mpc™)

AY
walaxy

The distances {o galaxies can be estimated by observing Cepheid Variables within a galaxy. A
Cepheid Variable is a class of star that pulsates. The relationship between the period of pulsation
and the size of the star is very precise. An understanding of how brighiness diminishes with
distance allows astronomers to estimate distances o galaxies with a high degree of confidence.

The following data was recorded by the Hubble Space Telescope for five gailaxies.

Distance Red shift -z | Recessional speed of galaxy \»\
(Mpc) A
3.1 0.00095 285
8.6 0.00212 S
12.2 0.00273 vi9
16.1 0.00402 jrotb
19.4 0.00473 (@14

a) Calculate the appropriate values in the final column of the table (the first value has been done
for you)
(2)

b) Plota correctly labelled graph of recessional speed versus distance to galaxy on the graph
paper and draw a line of best fit.
(4)

SEE NEXT PAGE
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Stage 3 Physics 2011

26
e} Why does the value of red shift z, have no units?
(1)

s @ rahwo .

A line in the spectrum of ionised calcium has a wavelength of 393.3 nm when measured in the

f)
laboratory. When similar light from the galaxy NGC 3350 is measured, its wavelength is
394.64 nm. Use the red shift formulae to determine the recessional speed of this galaxy.
(2)

AN VY
Y Co

I
N
= (2wl - 393:2) e t0?
29%. %
| Y

, %] -
N = Tﬁvxwmm?wg Téwﬁwﬁ ems J

g} Forthe recessional speed you calculated in part ), use your graph and the line of best fit to

(1)

determine the distance to this galaxy in Mpe.

Foom  Canpit .

%ﬂ%@_ﬁ MC\ E %ﬁ\

h} Determine how many years it takes for light from galaxy NGC 3350 to reach Earth.

{1 parsec = 3.26 ly)
14 Mpe = Yclo®x 324
= UL millea 5\6« A

SEE NEXT PAGE
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Stage 3 Physics 2011 29

Relativily has also given us the idea of mass-energy equivalence. In Newten's version of
mechanics a lone particle not influenced by gravity or electromagnetism but moving at a given
speed could only have a single form of energy — kinetic. At rest it had no energy at ail. This is not

the case in relativity. The relationship is described by the equation: £ 2 @NQN = E%%

Photons are packets of energy travelling at the speed of light. Surprisingly it has been proved that
although photons have zerc mass they do have momentum. It can be shown for a photon that

i E’ lkcwnw HEomnA then: p H..WJI and since E=h/ then: p n:@.,”n i
: ¢

A

Particle physics has also proven to be vital in understanding the nature of the universe a few
fractions of a second after the Big Bang. The conditions created in the mightiest accelerators are
very similar to those that existed when the universe was 1072 seconds old.

Questions

a) Inwhat sense can a pariicle be accelerated if its speed remains constant? Explain.
Velogoy hao Bote] magadudle s oltreeHon (U
RNV ; Ov wewli\g‘ Lrcli-g-ots Coveolp Mot |
4wl ke 4 vt bt dis do Doleerd—
A widd o conetand spasd it
il he QOP@%\@&W@ , v

(2)

b} Once a charged particle has been accelerated to a given speed in a circular path, is further
energy required to maintain a constant speed? Explain.

fw\m@po 5 i %Q ?ﬁ&h \,YP ?@% mﬁrfmh\m Q

(2)

¢} Can electrons and neutrinos be subject to the strong force? Explain
. {2)

Y
3
H

No W
Th stromy (nunclear) forer oo behoeeon
had10ns \ icleonsy \ Guarley W

SEE NEXT PAGE
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, o, . . 2 2.2 2 4
g} The equation for Einstein’s mass-energy equivalence is: £~ — p'c” =my'c

Show that for a particle at rest this simplifies to £ = mpe’

&.aﬁﬂ f = MmN o o

Neroe

A

ﬁu\ﬁw m\mr N 3“0&.
5_ m = gﬁﬁ\ﬁp m\..ewk.lw

h} From the starling point: E* Iﬁunm = :ﬂowna show that the momentum of a pheton with

. E
zero mass can be given by p=—
c
Y 1 v R L Jm _ 1\\k ﬁNu
[ mo=c Er-prem= Mo =0 @
T —
1 (= b
- © =2 w% C
\J & = 7 <
Jall
o = &
] — U
o _

i}y Calculate the momentum of a photon of 550 nm yellow light.

p-h o E3ad @

v, -~

A SO xio”
P

-2 M\ s (D
- . J &
= 20xwo 7

(2)

End of questions
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