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Section One: Short response 30% (54 Marks)

This section has 13 questions. Answer all questions. Write your answers in the space provided.
Suggested working time for this section is 50 minutes.

Question 1

A sound wave travels through water to meet a boundary with a solid concrete wall of a dam.

il f Solid Concrete Wall
Water i ! ps

Sound wave

a) Draw a possible path of the sound wave as it refracts inio the conerete. Indicate appropriaie

angles. - : . \ -
Show s ;"éf;*ﬁ’ii/é Win B0y e Norang | . ™ e @

b) The wave fronts in the water are shown on the diagram. Indicate the general pattern of wave
fronts whan the sound wave travels in the solid concrete wall,

i

Lm—_@cfg spac Wiﬁ i:‘m emc,mm{{, %@'}

c) lsif possible for tofal internal reflection to occur at this boundary? Explain briefly.

i - 5 i - i %_{—T%
VES . Tl Covn UCCur pwhin ‘xf}’ ™ \jg i)/

flat bench. A compass is placed near the

magnets. L ‘ s &7
a) Sketch the magnetic field in the region gf/wx\a Cw/E
around the magnets. Draw at least 4 field / , -
fines for each magnst. i - 2;’/{\\ _g .
{ Ly shape ()
: o

b) Indicate the direction that the compass \\/ if/f

needle will point by placing an arrow in the
circle.

SEE NEXT PAGE
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Question 2 //7"\\ @ %;’2
VT i
Fwo identical magnets are fixed in position on a /
g p Compas - ! /-:j
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Question 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

L=

. &

Iy

T

4\‘-“«
e

/
{

Clag. 8

g i

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.
" . 3 a4y (3)
v = Mivvo 'x 1 .
o ~ T & L
oy E-%FQ;\{{@ {‘.é ;{E;} ’Y’“L A i{jﬁ/’:"{ :; e
o i’:"- 5 - {7
— T = friirf}‘{:w ¥ i G (Y
E R y ©
E 2 28 vte N dodacds ke
S
Question 4
a) What is a neutrino and explain why it has proven to be so elusive to find. @

¥ -j—»;’ /
o , ¢ , : ) A
Newtane 8 o swhatforae poctihe w A ao chosse

, , A ' Pt b
e Fons { et gec0) Mg MasS. {shtl @a@f olshead) .

(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?

fhf«(}ﬁtifi N U/{f?v il’x.?**x'!ﬂ') s &ft%:p@“@w‘ﬁ Ufi&w{@wﬂfﬂ prinegpCy

()
SEE NEXT PAGE /N
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Question 5 4 Biagram is not drawn o scale.
| Steelwire  Girder mass 180 kg

An iron ball of mass 220 kg is suspended

from the end of a rigid steel girder, .
Rigid

The girder has a mass of 180 kgand a upright T

length of 2.40 m. \e __ P

The girder is pivoted to a rigid upright.

A sieel wire is attached 1.60 m along the :
girder. It holds it in equilibrium with angles AT :

between components as shown in the Pivot point |+ g .

diagram. As S fron ball

¥ e mass 220 kg

a. ldentify all the forces acting on the girder by drawing them on the diagram.

(1)

b. Demonstrate by calculation that the tension in the steel wire is 5.39 x 10°N.

' 53 e,
¢ ) oL e e TS0 s (D)
w150 98 S 64 + 2% wio T § Sob{ o be T2 L

Question 6

Refer to the diagram and description in Question 5. If the tension in the steel wire is 5.39 % 10°N
calculate the magnitude and direction of the reaction force from the pivot acting on the steel girder.

(4
E'F:Wg? it ﬁmﬁxf Zr*L - Nﬁj:&
L o — _ o ;/::. 2
e = {3 wCon 27
EI% = oA - N = Cpavio ™
h P LN T o
s s oo f g1
= Wy N R
2 L T Lo
LT loum ol = -
14 'FEJ‘Q "‘(!23» . L{,rg‘—;}
3 (" : /} fut o~
l{f%%m}“?‘ﬁ“@ S 2 {7

AP

PWG’{ ; : {{m gd(x'&{}}(\! @ i5y Q!}Q{J—&— f‘;,,{)f{sél*—jiaj
@L- 7!{07’:’” e ‘fgf}\f:&.}?

SEE NEXT PAGE
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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.

Skier 7.60 m s™

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

Radius 11.0m

i top !

T = MY (1)
S (4)
Y"‘

=

ol
i
- =N
lwgig‘gw ~ <77

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 10'° T at an angle of dip of 54°

a} Sketch the alignment of the

Earth's magnetic field linss L
relative to the jet airliner on the A e 14
diagram, indicating any angles 4
and direction. d

(2)

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

C - hvd W@ o
& &
g..:»_wfw"xi;w e MO w ba (D

P '"1
= ¢l V(B

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

mip ) B. East wing tip C. Middle of the wings

SEE NEXT PAGE
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Question 8

An astronaut flies past a stationary observer at a @ g’éitéﬂ::y
constant 86% of the speed of light. His spacecraft —

has light A ai the front and light B at the rear. 0.85 G

Astronaut
@ oo

__LightA

a) Comment on the distance between Light A and Light B as perceived by the stationary
observer. oy
iy f

%’%ﬂ%“f ditore A8 wendd hoee oluecaes

it f {_;‘zﬁwf‘? [/ﬁ?}ﬁg\f’”fﬁt @?’Lﬁ/—\ :

W

b) What effect has this had on the other dimensions of the spacecraft? Explain.

() : Ty
R / Y
Géf{ﬁﬁé@fﬁ %f ﬂﬁ@?ﬁ%&a -
, (2)
¢) The astronaut and the observer have synchronised watches prior fo the astronaut travelling at

close 1o the speed of light past the obsarver. If the obsarver's watch reads 33.0 seconds, then
compare;

(i}. The astronaut's watch as seen by the observer.

(200 o, 33 $tia~s (1)

{i). The astronaut’s watch as seen by the astronaut.

= 3% Sionele

(2)
SEE NEXT PAGE
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Question 10
Negative plate A charged pariicle enters a region between 2 parallel
charged plates. The plales are separated by 4.00 cm. The
I electric field strength in the region beiween the charged
Charged plates is 8.75 x 10* V m™
Particle a. Calculate the potential difference befween the plates.
4.00 cm . LT (2}
che Wyl Ta C oz A4 ?
- 3 ~i v [
FE=FY v Vm d
[
Voo 4 é{ o -
k4 o o~ b 4 Y !_w"
Positive plate = 5Vt e WY
o 5% f f‘“‘%
Vo= 3 Yy TV

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.

[ $r ”i‘\{" k't

F=2-fxag ™ c=r 7. @)
< ix
b, f/
i .

e i,
Cuestion 11 -

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

(Photon count)

Intensity

a) Explain why the spectrum has two distinct
spikes?

N P 4 H - ;ﬂ o e ’
& ey afalalnd PROTON B[t

\..-fg Wavelengih x 167" m

i\f@,gm SARAT S gmi,fv&s St &Lﬁ

& c,&,{}f Gin fMys Woitad ?43“"/% M\C (3)

C‘v‘“@'{ﬁ /’L" O "‘:’% foy \_,f/f/ m,\:;; :} é:/ “{x{ v&é/

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

£ ig@%— ot A
7 SEE NEXT PAGE

« iz £
el aw&.&fj— Cropa, é@i@.Af gvi‘f’-&%ﬁ“}

B S “&g(éﬂﬁ'
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Question 12

Quark Charge Hadron Quarks
Up (u) +2e Kaon-minus st
Down {d) _— Pi-plus (") ud
Charmed (c) . % Sigma-plus WS
st : Lambda-zero uds
rangs (s) ie Charmed Omega ssc £ -
Top (t) -i--;%e i\ &gf’l %,%’»} g h
Bottom (b) -3¢ il el

r""‘"‘w-;_’

hY
A wi)#,i‘ - OC
g) Determine the charge (coulombs) of the Lambda-zero: (‘; ’é)"{"( 21 > f; ~

e

i Lo . . e S
. e FE) ) s v
b) Determine the charge {coulombs) of the Kaon-minus: » 7 S

(1)
c) State the guark makeup for the proton. Wi D

()

A

d) State the quark makeup for the nasutron. Wi

(1)
Question 13

A source of sound waves can be directed through air at 25°C towards an 8.65 cm gap between two
wooden blogks. The wave scurce can emit either

A. Sound waves at a frequency of 5.0 kHz, or
B. Sound waves at a frequency of 500 Hz — ’ ’ |

Explain briefly which wave will diffract more and why.

Yo L.
A Y-S = e = o ;2(’3'%
£ LA o

(2)

b

; - f o y Fsts . ;
%}% j}’ﬁ;\r&@?f U AL f’i{ an @Mg{
Y

whin A DA
E‘E{A’t\,{_ ’> p) | @

Ne = Ear

o = LY. loo

End of Section One

SEE NEXT PAGE
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Section Two: Problem-solving 50% (90 Marks)

This section has eight (8) questions. You must 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.

View of Earth from
above North Pole

a) Caleulate the period of this satellite and state your answer in hours.
4
C.o= - a (4)

Msz | G i by

. M Y , "
. e YT G Ky v
-t P ; T =

; g by { anr s . Qg

f:g ~ .o + & AJK@:‘:& i *“F:?
"”‘jﬁ'%x@wm 1.,1»} o %
=85 X e 2w (e (1
} i et S

G e

L

T = doVrie ° W
e .
= L7Y hging

= .y hed (Y

b) Explain wheiher or not a satellite can be geostationary at this alfitude.
,4‘5?, 3 o~ . " £ i t ; (2)
N & Q\Ej"j S O S?}&ﬂ{{‘&_ C;L/E\.»;{ t 'ii"f‘@’{& ;ﬁM Sz ﬁ"\jc.?
| &)
ey [2&?«3 § !3& p{«;f &@ﬁiﬁ ;s

SEE NEXT PAGE
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1
c) Place labelled arrow(s) on the diagram to show the direction of the net acceleration of the
satellite.
(1)
d) Give two examples of the uses of artificial satellites in everyday life
a . - 2
Cafnant Win t GOl L Vi, s2nsebrle - (2)
&5 ¥ -
< PS =
The Earth is a natural saigllite that orbits the Sun. (Assume a circular orbit for this guesiion)
g) Calculate the orbital speed of the Earth as it goes around the Sun.
sl {M {:C ) (3)
- 3 et | o - P e,
Mg = 1 9% 07 kg - ‘ (oD
. N AN A
o if AT g 5
710y e ﬁ;, ﬁ,; =
% 5
g
VA / G
N o
; ; 'w&ff ‘E / Ly F v
A Vo= 9470 msT (&
z - ym.r’“
TR o
Ny
f)

If the Sun was 90% of its curreni mass, describe how the orbital speed of the Earth would be
affected if it remained at the same distance from Sun. (A calculation is nof required)

9 (1)
Qw’éxx Voo M LS

Hhim 3; W dpcrtnants D

“H\_&r\ $0 {f\}v’:/{.l ‘\!f

u————

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
eagle is moving with a velocity of 5.20 m s™ at an angle of 36.6° above the horizontal when the fish
i ignore air resistance for calculations

320mg’

P S S
’;’M?/ A \.\
36.6° “ . g‘ﬁ
A . #;.""#? ‘«»:«f‘g
N K
4 ~
Thig diagram is 14.7m b *
NOT o scale Y N
3 Al
T\t!; \\‘\
¢ Y
a) Cealculate the time taken for the fish to reach the water
B s i E‘E : (42_?,.
R '} = e Foim
\ff =R ‘*5#%;»,% ne N
- N
¢ G 2 el

‘f “ %? .Eﬂfﬁﬁﬁf (t}ivﬁ‘%ifﬂq,} {i/g

- V= uwt gt
: ,ﬁt.’w p 1}’{ o A
ifm, g
}
ih .- fg“ 3‘(; (v 7T
A= W ) £ 2uogs W
- 3 qomiy Hlap )
ff"(\.\h ~ V\C@«g fAR
-— 53 H ;2}
= & T} s Sy 5,“{* A
- R ~§;~q"
~— P e
_‘ - AL i»fw
N;M
‘if“?“’gf} s S
{\,,f‘

SEE NEXT PAGE
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13
b) Calculate the horizonial distance that the fish travels during its flight back to the water
~ - )
. f o P {"g ;, g -y ‘\}
U= qiamy™” © Ao > 2
"’t;
= J.OF —
% [P §,J g = E/{/{,‘?{_ \{_%
7
> = ATy 2-@8
M £
YT m hoor 17 T
¢} Calculate the maximum height above the water that the fish reaches during its flight
(3)
: - Lo~ Cr S =,
Ay s-31ms v-m"¢2§pg ;o
4 %\ 4
;= O < - ’ip’%wb’i
o 2w T
. 2 A 20
:; {j' R
< s 7 = o - (-3
[
2~ G
- " {; Po . . é":«";
= G Arlaa nEARTR]

T Rua, = 17 +064

= 1Y B apges o :E)
If air resistance is taken into account then the flight path is altered

d) Sketch the aitered flight path onio the diagram

(1

g) Will the time of flight be longer or shorter when air resistance is taken inte accouni? Discuss
the factors that affect thts

pﬁ"\ b\;iu &J &L?}%/gz/',wj Tg/ fi gc/;'“’g.; Qj{_@,\j
r deswnt . MAX NI~ A dl:_c,w\,,,{

N H {\ﬁv’f?(

No ceeToin anius tr

(2)
2

@

{5
Y
L@‘“}}x\ e é,_/:_ Q{%if«%‘?ﬁw?g %ag%;‘{%n&f{ “}
¢

SEE NEXT PAGE
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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 output voltage to 1.50
kV. The secondary winding of the transformer has 2000 turns of wire.

input Output

240V /1 1.50 kV
G

S {

[

Transformer

Electric Pump (V4 = 1.45 kV)

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

- : ; Y, i (2)
\f;;; - 92&{7{}\3’ £ ATAN
/ ; . nf
iy = 1% 0Ov Ve N
ry T oloce : P, 5o L f LD
vy T Np = NV | 2edf <1259 ()
o —-— T
-“"!f( [N i

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
s e %i» , ? = s -j— - "~y ;/q\
, - e L= e =S
Verr = 15000 >V Ty TR
o W
_ ~ = L/
e ) o iSO - PO TN
Vot @61)
_ / YO
o _5- é{’eg

Q‘M@ﬁf‘ﬁw% = [fbwn-

SEE NEXT PAGE




Stage 3 Physics 2011 15

¢} Calculate how much electrical energy per second is transformed to heat in the cables.

o = T O @
- C{--%ltxz 18"
{} :Qiﬁ#gkﬁzi“é i{;

/ . IR
boong > @ (% )

d) Describe two design features of a commercial transformer that increass its efficiency.
. ! P
\7{‘ wﬁ%ﬂfﬁﬁ“ﬁ?{&&f %—é?’? Lo, Loy — Mﬁé&u& gd"m—» C AR A«;ﬁ

{ { 2 ) / f !
w ey { ﬁggzwwff%af IR I o OV R A 4 iz o SO fmfis&%
i@

a0 "
w U oceo ‘{}{u?»; N '
- -,.,j Kw: vy fTA

1&, H
A o
= Co ’L{r‘ - o

£
S
§

e) Explain why it is more efficient {o fransfer electricity to the pump at a high voltage of 1.50 kV
rather than 240 V,

oo {{,,«mf Coam i Aelideacd [,ﬂ \,/"“); oI (; (2)
Q,L???«w \f&/hﬁié{ ;:WJ;{ ot 1Ko V' Fha &mfwéfd .
b { }}{, AL, ?ﬁ‘ff{bﬁ s lene Ciwiff& :‘%@ ¢ A L)
vi Ll At ot Poudtr dilisesed Vo pus .

SEE NEXT PAGE
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Question 17 (13 marks)

The diagram below shows an AC generator consisting of a rectangular coil with dimensions of
14.0 em x 21.0 om, 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) Expiain the function of the components labelled SR and B.

<;£ fp Mg Gt polosty condonty  tonneoied o @

£ = i‘%}ﬂf;x L LAA H""’"*"z‘ CAA !\UJ{ J”*‘ S f MAAALE S Pr e
fP 7

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)

C@ai r G"%m{% X
?ﬁwf@j‘ zj %{wx - t’ifa{./{\ %(UM?M 5::{.9% Py A }

U/‘N&}/L Concitnn Lvp O 49l *
— A 5{,{,&.,3/{,7{ - li’bij %/ﬂﬂ ¥ /f{%\ﬁ/}; Cﬁéﬁé”c{[ A

Qs

: ~ v L
I/J-g }OJ{_{ %j &Wa cz;w?/w ~ Q& {*‘jC/&(c{ Sl O
pndput wMpt o £ L BO

SEE NEXT PAGE
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17

¢) The coil is rotated at 1500 rpm. Calculate the magnitude of the average induced emf in the

coil as it rotates through 90° from the position shown.

ZQ*’LKLJ\ - IX04 rpa
= 25 rps

_ .
-5 - ‘:{ .
2 Ul b
_ Ak - E - It ™S .
A t%"_ Ll

(3)

Cao v 2- Vv
QYA

20V

22 WL (Y

d} Skeich the emf output curve for this AC generator on the graph below. You must start from the
position shown on the diagram and continue up io 80 ms. No EMF values are required to be

calculaied.

amf {V
et (V)

(3)

o

3G e

e

20 H \\&

b
fart
e

‘,
LNy

: ﬁézTime {ms)

e

£
|1
Ed
£

e

PR B R O

#

s

et L

i
]
f
!

7

£

v

g} ldentify three times on the graph when the flux enclosed by the coil is a maxi@gmqalue at

1500 rpm. Circle these times.

f)

750 rpm onto the graph and clearly label it ‘750 rpm’.
loti00 = £gay

s
(/"g*{\ﬂ

SEE NEXT PAGE

)

£
%f i

S

(1)

When the coil is rotated at 750 rpm the emf output changes. Skefch the voltage curve for

)

e

it

e

e ek 1)
£ g
Qe
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Question 18 (13 marks)

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

0eV Ew

-0.81 eV E5

-2.20 eV T E4
W

347 eV - E3
g

-5.54 eV AR E2

-8.92eV o ek E1 ground state

a) s it possible for this atom to absorb a 6.50 eV photon whilst in the ground state? Explain
briefly.

No “Thent Lé G &fw?_? é&%{ aé%wé%g (1)
@zszz/u:{d{? (Ji# ég\}/f}g(/ a0}

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.

AT

L

A
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

LQX%M: A= wid@'@?f @f'\ﬁ—s’%fj » smaddesd % O )
S & .

S Cwere T Gy -3 i_«?} v

1 e

= 0AreV = 09 [kt

g’f:iﬂ{l}%g

- f‘%fxt@"’i‘%{?.

- P
. .« LY 4 SV
A= R e Bt e 5 m
e 1Y Ko

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

?“ ;’gx/ e 3 @
(Faagen -

SEE NEXT PAGE
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A singie atom in the ground state is bombarded by

i o

EAY
; e %if} f ;s_'ygv“ %., oy 10
szgv’é 533»’“'{

' @mwith g kinetic energy of 6.10 eV
e

g) Detail in the table below the possible photon energies observable on de-excitation and the
possible bombarding electron energies after its interactions with the atom
' T

. : (3)
PN 59 - i
L TRRNEITON T By By possiple
Possible photon energies on de-excitation Possible bombarding electron energy
{aV) after interaction with the atom (eV)
' g 4 - v
by = € = 5 VeV Ll-¥a% = 037V
Eg,..“:} €¢ SR T S I W -} “3%& = 2-TFreV
E‘z"‘:—? 61, 2y e [l =285 = EN%e v
: ';;};;:}: f; ) ﬁi :‘ ] f-“;‘ gzg?f? f'}'{}.f L F""}if; fs,.;?’,:e/;r?,i:,f .
5 Py it £ s }
ey o Ve Tceaf pritvalld—
4o f
Lot ond T v,
f)

Cutaq, QIC00 04 Gugg
Explain briefly how analysis of a line absorption spectrum ‘of light from distant galaxies can be
used to determine the composition of stars and gas clouds.
L{vﬁu C?,ﬁ"“ %z“f} W&q ,;’%J”’“wm /ﬁ‘-"r” @ﬁbv’j\ < Jh?h@"’\ 5”3 (L Lt el

<§f{/}\ 9’ !—:xﬁ@i&/\ A [/—'}\’ﬁw{;f![‘v’vr»"f'{ } {/Qz{\(‘wgs {F"\_ﬂ s j &f,g ehoniec

bx’\ﬁ.ﬂ“f-? L&/’E JJ{} iﬁ’/’ﬂl/f Lo dh Ay

T

i/

fory  FHE f’i?fzi/ e ffm;{ &{g@;fyw s é’/éjfsz ‘r’f-'o é‘e/ f&xﬁwf“ﬁf FLi g

fwg Firg

mwz

(2)

g) The line absorption spectrum is also useful to determine the speed of a galaxy. Explain the
fundamental principles of this technique

WLy & Ei;;fViL Sty (STtm) Oar ﬂfwﬁﬂmg CAndCiny

frg“ééw G ﬁjﬁ%&f e ‘ﬁ\.t

ST ?,(/f é‘i’*’%&f
Q.5

3
: !
%

SEE NEXT PAGE
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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.

. p’ s L 4 . 2
Smele nole o 1S friumed  tompeiyey Voo dundpnasol @
I/ . H ;
‘%\‘-‘;/ I

9

~ b
Dol oy Ofideon |
b) Explain how standing waves can form along the string. Y POy WV
F £ £ 4-»-!-« - ' R A .»‘ 2 5-«' (2)
b o, p&m&l{)’wﬁ : TEOMA Bty WIGARLS Tt CU{% ¢

LIEY m?’,{gﬂ?&:f:f %ﬁjv owdt % é:?ff%%’; o T n LeAtdf
LSOV redisoils « Sated trt A g a0t ﬂn@—? LSOt
) - b o7 S
Y P 8r foge | il A L lavied gl @)
fing_ é;,m/;. Mg,»{,@ J % ] FJ); b 7 f,ﬂfe ¥ Cf!

A 1 1 4 . f ; r . £ d
cangtraed weg (gw{f wodes] & e wee (!vé;égQBMg’éﬁ{?wm

¢} 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 oo V= A
e (= ¥
A =de oy = T
‘:@‘@Mﬂ-g‘w@ - S3% @
=

{ .

3C§ 2 S/“"?LH*} {J
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For a given note played on a musical instrument, the dominant frequency heard is called the
fundamental frequency or the first harmonic. The sequence of harmonic frequencies above the
fundamental frequency, that are actually present, are known as overtones. So those harmonics
above the fundamental are known as the first overtone, the second overione etc.

d) The bridges can be moved and the tension set so that the wave speed along the siring stays
the same. What length of string is required so that its fundamental frequency is the same as

the second overtone of the 30.0 cm siring? !
T T OVER o€ (1)
z ~

e . - o
= R Ay Frp ot L

S Bl ) fernatd furdanented

= %Lé? = 1O e, %

Another simple musical instrument is a pipe, which is an air column closed at one end.

e} Skefch the particle displacerment wave envelope for the sicpnd overione in the closed pipe.

P
- N w A A D o~ i} 8 4 j
ELO-sG QT o “ PR Lo / g(ﬁ;
e ooy, e e
, )’ﬁw—w‘"‘ “«,‘\% p ra - -
= 1‘“& = ™ e g
= _:J{ z’;\ Rt
- e = ' \\\ s’f{ \"“\,
T w"“% e e

f) Caleculate the frequency of the second overtone in a closed pipe of length 15.0 cm when the air
temperature is 25°C.

/ (3)
L-_», g.}i 7&;:_ N
5 g 1
= 4 %E s ]
T = d.87v0 0y @
Y
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Question 20 (7 marks)

The figure below represenis a DC motor whose coil is initially stationary.
e JK=LM=16.0 cm KL=JM=12.0 cm
e The coil has 120 turns 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 switched on and it furns clockwise.

Wotation___

@7\ splitring
ccmmﬂtatgr

Terminal polarityf ~4-| }

<4— D C power SUPR{E’_‘J,J

a) Indicate the positive and negative terminals on the DC power supply for this direction of o
rotation. { S}f
b} Calculate the force acting on side LM of the coil when the swiich is closed.
— = ol (@)
E 4 ":j‘ o b gt
2 e e b3 dY xte T e (L
= 1.9 (olown) (5
¢} Calculaie the maximum torque that this motor can produce.
v o : - R (2)
Fzpr £ P = Z‘%(’l‘ﬂw r oS (Y
p

' ey
= 128 N d@d@ et AU

s

d) How much torque will the motor produce when it has rotated 90° from the position shown.
Explain.

/ v
{:Qv !

Geven  T° i’fﬁ s @)
Veckead posdlin = ©
homnad T = 0o . %«"}
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Question 21 {6 marks)

Alpha particles (He®") are doubly charged positive ions. They are accelerated through an electric
field between charged parallel plates befare entering a vacuum chamber where they are deflected
by a magnetic field.

Charged v Tt R o ; X{
% 7 oind T p‘ﬁ’%,ﬁ <
plates %’ Dgﬂecﬂon in '\i(“ f":? (N et j
/ | magreiic field kN ,
~ PaI ﬁg s f
) e §
lon — N g\f./} i
Accelerator — @ g a}_{’
| ) 7 L
Vi b
Alpha acuum Chamber
particles

v i e

a. Calculate the potential difference between the charged plates in the lon Accelerator that will
give the alpha particles & maximum velocity of 3.40 x 10° m s™

%/’f— Fel-bo xre™C o= a»;,;.“\f - ﬁg‘é’fm - {»ﬂ"“f"“’!v :ft} )
e A ) SN 2 EeayT L 4 o 2 i“":ﬂ\{wﬁ;{a(? “‘%10’}»
N ks mﬁ”ﬁ {2} v Zorweg
Vo= Bgguot o Vo: o ve VY
VA AR X vaff; V. {E}

b. Indicate on the diagram, the dirsction of the magnetic field within the vacuum chamber that will
cause the defleciion shown.

(N
¢. The magnetic flux density within the chamber is set fo 72.5 mT. Calculate the magnitude of
force experienced by an alpha particle travelling at 3.40 x 10° m s™.
(2)
™, {f 4 f’ T T vl {:!
£=7 s 7ot Ty eV T e 3w’ (U

) —i{ .

End of Section 2
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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:

AL v Z = red shift
Z= It can also be shown that: z=— Aj. = change in wavelength (moving source) (nm)
E Cq % = wavelength of stationary source (nm)
v = recessional speed of galaxy (m s7)
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 algebraically as follows:

v ~=H. d Vyalaxy = recessional speed of galaxy (km s™)
glaxy — 270 d = distance to galaxy (Mpc)
Ho = Hubble's constant (km s Mpc™)

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 galaxies. AR g ‘“}
Distance Red shift-z | Recessional speed of galaxy | ¢ A
(Mpc) Vgalaxy ¥

3.1 0.00095 285

8.6 0.00212 £36
12.2 0.00273 v

16.1 0.00402 jrot
19.4 0.00473 [yl

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

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

SEE NEXT PAGE
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¢) Calculate a value for Hubble’s constant, in the correct units, showing how you obtained this
value from your graph.

- (3)
‘., - ; - > }(L - ’70“% ~f -
Mo = %Fﬁoiwj% LisE lenn ¢~ e f
Rutet Yoo~/ — o
. ; . ao i
EIRT AN Y O N UV CON C2 Sl & T YA e
NOT  QUNT PoiaiTT.

d) State three reasons why you think that measurements of Hubble’s constant have varied widely
since Hubble's first determination in 1920.
(3)

N Z;m@f@aj&wf %jiu!%@ﬁ% \)L:; pALg g &EY} S’F-H 5 -
2 O TS B Hebble abow achwerpheg
Y Mo (opheid vrably dyw vered

B i P "
2"“%,@»? 2} g ’;e;%fivﬂé fd;iga.ﬁ,«ﬁ;w 9
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¢} Calculate a value for Hubble's constant, in the correct units, showing how you obtained this
value from your graph.

iz 'fe' -' ¥

(3)

Identifies rise and run on line of best fit v (not data points)

Ho = gradient = rise / run

Ho=1440/20 v

Ho = 72.0 km s Mpc™ v

Allow small range for “line of best fit" variations.

d) State three reasons why you think that measurements of Hubble’s consiant have varied widely
since Hubble's first determination in 1920.
(3)

o Improved fechnology to measure red shift (diffraction gratings)

o Better telescopes (e.g. Hubble and others located in space - no
atmospheric distortion.)

o More Cepheid Variables discovered - better averages on
distance measurements.

Any 3 credible points v v v

D WATP
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(1)

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

g'{'_ ‘E) @{ FQCI‘\/O .

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

——
= (3G - 393.3) T bO?

NC{?‘. . f):}
2 X (% ) "'i \%
g} Forthe recessional speed you calculated in part ), use your graph and the line of best fit fo
determine the distance to this galaxy in Mpe.
(1)

Foom  Ceapit .

/—@fﬁ{‘@-\_ﬁ “-1{4 M '&’(L

Sl

h} Determine how many years it takes for light from galaxy NGC 3350 to reach Earth.
(2)

{1 parsec = 3.26 ly)
— b
= Ylo  x ESyEA

4 Mo
= UL millea {g,“}’(’f A
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Question 23 (18 marks)
Particle Physics ~ basic principles and {echniques

Particle physics is the modern version of the age old quest ~ to find the smallest particles that
cannot be broken down. Particle accelerators are the ‘laboratory equipment’ in this area of study.
Charged particles can be accelerated in two senses — by their change of direction in circular paths
or by increasing their speed. Studies can be made on the radiation that they emit whilst being
accelerated or the after effects of collisions between high speed particles.

The cyclotron first came into use in 1928 using a combination of magnetic and electric fields to
accelerate particles in a spiral path. Development of this technology led to the synchrotron which
uses an evacuated circular tube with many magnets placed around its circumference. As particles
are acceleraied the electric field is adjusted and the strength of the magnets is increased to
maintain a constant radius and compensate for relativistic effects that become important at high
particle energies.

Any charged particle that accelerates will radiate electromagnetic energy. This is frue even at a
constant speed in a circular path. So a continual supply of energy is required in synchrotrons to
just maintain a constant particle speed let alone increase their speed. The emitted radiation is
known as synchrotron radiation and can cover the entire electromagnetic spectrum.

Linear accelerators (LINAC) use a straight path and a series of accelerating voltages as the
particles move along the line. LINACs are often used to provide the early stages of acceleration
before particles are fed into large synchrotrons.

Collider experimenis take two beams of pariicles that have been separately accelerated in
opposite directions and smash them into each other. This is difficult to achieve but if successful it
is an efficient use of energy.

When two particles with an equal magnitude of momentum collide head on, the total momentum is
zero before and after the collision. If particles are stationary after the collision then their kinetic
energy is zero. By the conservation of energy and mass principle, the energy before the collision
is transformed into the mass of new particles formed in the collision. The particles that are present
after a collision reaction can be different to those that went in. This is exactly what particle
physicists aim o achieve and the discovery and study of these new particles underpins their work.

Every collision is governed by one of the fundamental forces (except the force of gravity which
has no significant influence on such tiny particles in this context):

e The electromagnetic force leads to simple collisions between charged particles. No new
particles are formed when this force isatwork. e.g. p+p—>p+p

o The strong force dominaies reactions between hadrons (which contain quarks).
eg.p+p—>p+nt+a’
o The weak force is likely to be involved in lepton reactions, especially if one of the leptons is
aneutrino. e.g. v, + i~ —e +v,
Einstein's theory of special relativity has led us to the idea that the mass of a moving object is not
the same as its rest mass (mg). The mass of a moving object cannot be measured directly; it must

be calculated from a measurement of momentum and velocity. The relativistic equations for
momentum p and total energy £ ars as follows:

2

Y mye . .
p= & = E=—12 = {These equations are only applicable for non-zero mass)
Ve v
l—— 1——
e c
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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 p202 = 1?102(34

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

h h
Sk
¢

i E’ ~p262 = 7710264 then: p =-—‘h?— and since E=h/ then: P

&

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.
“*\‘f p/&j) (;«;,,qj%v !{5{/3 %a’@% M.ci?»m?f s & aém(ﬁ/ L0t U
Mot | (f o Fﬁaﬁwtz vrclirgote Civerfa ot |
. e z i X «-—% 4 M a{ﬁ : \.}\0 dt’?&.f‘eﬁ—’ﬁw
A widd how canetand spesd et
widl be cecekeaty @,

(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.

E < b ‘ " (2)
Q} L,q B, T {‘C}\Q’uﬁ,ﬁ? ")t.? nl mf{f@"{ W&Wt 3¢

“i/{)%,«o Wjﬁ ;‘VL:{,«LJ é{ f&?ﬁf&.u,g{, Q

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

No W
Wu S’ﬁfé?/fj C@L{u@a/}a@xb{" 0»67 Ogc/é /,;@fww
hockaOng / acleons / Gitanle - W

S
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d) If neutrinos are involved in a collision reaction why is it unlikely that this was governed by the
electromagnetic force?

N Lriao haver o C/;"@U%t & A’?/u.,{ o

M\J%Ui@f’uib{ /’m Ve @é&};[r &%W@_ J@r%

A1)

-k

2

e) If you hit a ping pong ball with a table tennis bat which of the three fundamental forces
described governs this collision? Justify your answer.

‘;”" M f'\f\c:%;c(w{* Qxx.& He ¥ iy J{x,z\,(’& aﬁ/’f; @
ww{/#% & vt | 7}'&\4 L M4. {;&M% C ; e

g 4 G S
’b&w«ﬁ’&m{f{/ {,AW/Z’\ g 0{’%/7

. ; ; ;o i //
B ¢ ¢ e g v o, HE T A L W i e R
#olndolog ., sbhor s e =5 ;?M IeS LAl Wl ettty

f) Calculate the momentum of a proton travelling at 95% of the speed of light. The rest mass of
a proton is given in the formula and constant sheei.

3)
- Mo\ M) evs v 09T x dyidh
= 1 @
Y ] 45
\ i

oy
| 4
)
Su
!
=
3
[
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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 io £ = mpe?

(2)

(% NV =@ { = MmN o T
- Ly
-
U=
Memoe . s 1 LMmLC"‘f’
N é - }ﬁ - - o
- - L L
f=o £ = M) C
| = o
Y LS = Moc {;
h} From the starling point: Ez—p26221110204 show that the momentum of a pheton with
zero mass ¢an be given by p =€
i = PR oS 7 2
X Mg =0 E - —pcT=Mo T =0 (L
e,
g Lo
- © =2 Eﬂ C
F & = & o
Jall
o = &
f — U
o _

i}y Calculate the momentum of a photon of 550 nm yellow light.
, ) T (2)
0= h - bldeo U

—— -~

A S0 xro™!
e

-] !/ i L
- . \ &

End of questions
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