Higher Physics Question Paper 2018 Candidate 2

Candidate 2 evidence

SECTION 2 — 110 marks
Attempt ALL questions

1. During a school funfair, a student throws a wet sponge at a teacher. The
sponge is thrown with an initial velocity of 7-4ms™ at an angle of 30° to the
horizontal.

The sponge leaves the student’s hand at a height of 1-5m zbove the ground.

not to scale

The sponge hits the teacher.
The effects of air resistance can be ignored.

(a) (i) Caleulate:
(A) the horizontal component of the initial velocity of the sponge; 1
Space for working and answer

\.\Q‘r\zow‘rcv\ COMPOVI_NA
- JF - 4gpS 30

= 6-403"
= G- -Ams™

(B) the vertical component of the initiat velocity of the sponge. 1
Space for working and answer

vy coa C.CB\/\/\PGV\EM F-4sin 30
= 2-3mg’
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1. (a) (continued)

(i) Calculate the time taken for the sponge to reach its maximum

height. 3
Space for working and answer Y N
W= 3-3ms” V= U e Qk
y=0 ms ™ V- -+
U I -z (N
==-Q8ms . 03t O-3TIS .
AKX -8
ﬁ—? = O+ ARSecOVS -

>

(i) The sponge takes a further 0-45s to travel from its maximum height
" until it hits the teacher.

Determine the height / above the ground at which the sponge hits
the teacher. 4

Space for working and answer

IOl DML = © 2] o3 = G333

W=0 Vigz L,l\,k"!@\x?' T
S=72 S ZEROEI) + (FAR xS g32X0S)
Oz -A& i
Lz or¥3 S= —-3- 3?*=—;,§~L
A- Q= ._g.ﬁm..-cut'S\
= —\ 8736l
- {-Qw .

= - Qwnn

(b) The student throwing the sponge makes the following statement.

“If the sponge is thrown with a higher speed at the same angle from the
same height then it would take a shorter time to hit the teacher in the
same place.”

Explain why the student’s statement is incorrect. 2
i LG ake o \ONOEYr Tive veCAllse o nyher

\ \S VYIS RS
SRRSO, LSS AWVe CU%I - S enesich

OV AR o VYWeown XYWax O
bi@g@r vertoolh. SATplaceIment VaRUIeL R
feaonect .
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2. Aninternet shopping company is planning to use drones to deliver packages.

drone

package

(a) During a test the drone is hovering at a constant height above the ground. ,
The mass of the drone is 5-50 kg.
The mass of the package is 1-25 kg.

(i) Detérmine the upward force produced by the dfone. 3
Space for working and answer

D W= '
J,' = (5 s+ 23\ xa8

:GG‘\SN&“:.;. LAt
RGN

AS thie ATOVR ix oV ex%vg’- SX O CONSICAL

V\&X%\A}t e upuSoUreA AL dousviuaeurol

foiten WAUY R @QUOR o Trere QU

A0 U alncesk fovces 0O ¥ WP ucowrel
Lorce. WIAMDK BUso be 66 -aN.
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2. (@) (continued)

(ii) The package is now lowered using a motor and a cable.

A battery supplies 12V across the motor. The resistance of the
motor is -6 Q.

Calculate the power dissipated by the motor. 3
Space for working and answer
P: \J = = \L’L
= (5N

(i) While the package is being lowered the cable breaks.
The upward force produced by the drone remains constant.

. Describe the vertical motion of the drone immediately after the
cable breaks: 2

Justify your answer. .
Tre. BIONS. LN CaTRIAR upLIANAS
ROCCIISR. AWRRE UL VG e SN U DAIGESI
RoR OS YW VPV KR IS QiR
0N A ASUIITAS foxee .

. : v
A WA SAONEER Kstes TSAUNES 1
W\ QL AKX AINON - :
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2.

(continued)
(t;) To carry a package with a greater mass two drones are used as shown.
drone drone
cable
3-4kg package
not to scale
The drones are hovering at a constant height above the ground.
The mass of the package suspended from the two drones is 3-4 kg.
Determine the tension in each cable. 4
x 3
Space for working and answer m %‘ A K\.Q
\ 6 ‘} m _ m /
* N = 20 = L
= ﬁ&“&'& 5%% (G & OON
ES = el

' \%OOW(’

{GGOON C&Om
13-674..

novizoney, componaik < &6 L3S <

:k_%.-:}k”
UK F=y0 Qi

€= 24X0O°xOn.
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3. A student sets up an experiment to investigate a collision between two

vehicles on a frictionless air track.

motion

sensor card

air track

vehicle Y
vehicle X

to computer . . not to scale

Vehicle X of mass 0-75 kg is travelling to the right along the track.

Vehicle Y of mass 0-50kg is travelling to the left along the track with a speed
of 0-30ms™.

The vehicles collide and move off separately.

A computer displays a graph showing the velocity of vehicle X from just
before the collision to just after the collision.

velocity 0-60
(ms™)

0-50

0-40

0-30

0-20

0-10

P i

0 010 0-20 0-30 0-40 0-50 0-60 0-70 0-80 0-90 1-00
time (s)

0
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3.

(continued)

(@) Show that the velocity of vehicle Y after the collision is 0-42 ms™. 2
Space for working and answer

= frexals WSWASKTIM

WKW
tc;’xQL\N\Q_ USRS Qkter calf i=srawve
ML L WA 2 MV Ly YR

] OSx -0R) 2 (G ISx 0
C@‘?S X-O S\ *-(" - (OS ~ CQ)
:i- . -
o33rs —S LS = o:als TO=

O -2\ = OSTac
' = ot 2wy
o< Ot 2y
- ovh YRguueel.
(b} Determine the impulse on vehicle Y during the collision. 3

Space for working and answer

R ot ' ) AN
DR =

Pz MLV =Wy
o= &-SCOM2-O3)
= 0.QQ w_gms“
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3.

(continued)
() Explain how the student would determine whether the collision was
elastic or inelastic.

First caleuds Hglamneiie vy e
of \notia Betore X s TaN and

AL KA xo&e.&v\ar .

TR S@AGAOIR AV KINERT NS, of Lotk
e FC%A ’
v%&m&sfw e collis Town otk Ui, Bkt

thew foogsner
ThWa do tiag QU erse
Total WineRa snersy oefore — @t&%\g&%@-

2

U lneie eney: NOL peen consy el aung, T
ARONE 1S VO QUKL T i 1S oA e\aliic

cellision
e inenc ey WO Ion et andh Tyue {ue
O Ve RA TN L IRan MeDahic LRI

SQA | www.understandingstandards.org.uk

8 of 36



Higher Physics Question Paper 2018 Candidate 2

N
(4.} Astuntis being carried out during the making of a film.

A car is to be driven up a ramp on a moving lorry by a stunt driver, who will
attempt to land the car safely on the roof of a second moving lorry. The car is
to stop on the roof of the second lorry while this lorry is still moving.

Using your knowledge of physics, comment on the challenges involved in
carrying out the stunt successfully, e 3
UL MR ALY UYL QU T 1R spesol X o~
/@m@k@w%‘aﬁ\f\b\bcﬁm@ o AR CQV - ToWe X

CONA_QXT
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5. Hubble’s Law states that the universe is expanding. The expanding universe is
one piece of evidence that supports the Big Bang theory.

(a) State one other piece of evidence that supports the Big Bang theory.
; <AV

Thedoundionee ol ANO

e caWieS Phoe S Ve CloR fofhak

eSHMOUEBL 15 e %\;é.&\'YY\G%\DW‘iS(j ne '“0‘@00‘"@

(b) A student plots some of the original data from the 1929 paper by Edwin

Hubble and adds the line shown in order to determine a value for the
Hubble constant H.

600000

500000

400000

recessional velocity (ms™)

300000

X

200000 %

100000

0 5 10 15 20 25 30 - 35 40
distance (x 10%" m)

The student calculates the gradient of their line and obtains a value for
the Hubble constant of 2-0 x 1077571,

The age of the universe can be calculated using the relationship

) . 1
age of universe =—
H,
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5. (b) (continued)

(i Calculate the age of the universe, in years, obtained when using
the student’s value for the Hubble constant.

Space for working and answer

S chunnesse =\ = o
Moo amgd-oxQ™"

= &S x\Q‘“%ﬁQJ‘S

(i) The current estimate for the age of the universe is 13-8 x 10° years.

(,y State why the value obtained in (b)(i) is different from the
v current estimate for the age of the universe.

SR BAUBVCLWEINXS N
WeN SerevUhisStss ooy OSSOAS

Qi QWW\J\'V\\VL3 ™ O .

(B) Suggest a change that the studént could make to their graph
to obtain a value closer to the current estimate for the age of
the universe.

s ol N Y

O\Ok Qe & cQuSU
PENAS an. expRr AR FO Sgx o YK
VOLLOL CaasSeRl -

(©) It has been discovered that the rate of expansion of the universe is
increasing.

State what physicists think is responsible for this increase.

dovie em@%
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6. An experiment is set up to demonstrate a simple particle accelerator.

anode
metal cross

vacuum

fluorescent
screen

(a) Electrons are accelerated from rest between the cathode and the anode

by a potential difference of 1-6kV.
(i) Show that the work done in accelerating an electron from rest is
2

2-6 x 10716 ),
Space for working and answer

Ew = QV
=16 x\a~ " x e o’

T 056 <0
—2.a x\o"'¢3
oL YeQuUveoh.

(i) Calculate the speed of the electron as it reaches the anode
Space for working and answer
~ T
QV = fzmy’
e

2 X0~ = v
26x0

0-S w x>

-:.,

SIOW- =V

w v
2289 1448 @d =
Ve 24Xx07MS
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6. (continued)

(b) As the electrons travel through the vacuum towards the fluorescent
screen they spread out.

In the path of the electrons there is a metal cross, which is connected to
the positive terminal of the supply. The electrons that hit the cross are
stopped by the metal.

Electrons that get past the metal cross hit a fluorescent screen at the far
side of the tube.

When electrons hit the fluorescent screen, the screen glows.

)

The potential difference between the ancde and the cathode is now
increased to 2-2 kV. This changes what is observed on the screen.

shadow of
metal cross

glowing
fluorescent
screen

Suggest one change that is observed. 2
You.must justify your answer. )
AS MIe (S o \o\eger PORINROL. JITRIRILE,
Rleckon® LA VR e adgacieeh ae o TR
CIESE QS fE TS VDR QoIRVR . RS 4SS
glecTrons ake it Y& Ywe %\QM&}V\S
LLUSE SCRVA sy, Tt s Do leusiiey

e=s
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6. (continued)

(6) A student builds a model of a particle accelerator. The model accelerates
a small ball on a circular track. A battery-operated motor accelerates the
ball each time it passes the motor. To cause a collision a plastic block is
pushed onto the track. The ball then hits the block.

plastic block track ball motor

Using your knowledge of physics comment on the model compared to a
real particle accelerator, such as the large hadron collider at CERN. 3

TS 1S Q@ iy U POVTIUL g QRRIQNTIN Lie Tre
SUSCAE 8y USRS ot al ey oo,

CWTRAK o The WodoA QQMRRUMBS@A  Sueeur , tn
LT, e POVHcles oue  agreibreutiel fo
(S IO Yloudien n oer o Yy ot
eoae fre SRVIroment A-Xue \o\%\ow%.m\\\wa
QU SMaSIasl To oghrer o I Seedg
Tre. Qi vepresents re paviclsa .
T\ R C Uk e an mv\m@m}m
gcﬁg%ku\mk VMR TG Wi NG
fo GoReUR- Y POV -
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6. (o) (continued)
Ll
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7. A student uses a gold-leaf electroscope to investigate the photoelectric
effect. A deflection of the gold leaf on the electroscope shows that the metal
plate is charged. ‘

The student charges the metal plate on the electroscope and the gold leaf is
deflected.

metal plate

metal rod

gold-leaf electroscope

(@) Ultraviolet light is shone onto the negatively charged metal plate. The
gold-leaf electroscope does not discharge. This indicates that
photoelectrons are not ejected from the surface of the metal.

Suggest one reason why photoelectrons are not ejected from the surface
of the metal. 1

4 A0 ey oWe e rwresingiok
MUQV%— LIV N 12 FAa yuan Tnaumana

fraperuy o proron muss voe for
oS ewission - (o epck rre praten

fom e sudate e rewiexe)

SQA | www.understandingstandards.org.uk 16 of 36



Higher Physics Question Paper 2018

Candidate 2

7. (continued)

(b) The student adjusts the experiment so that the gold-leaf electroscope
now discharges when ultraviolet light is shone onto the plate.

The work function for the metal plate is 6-94 x 10717,

(i) State what is meant by a work function of 6-94 x 107" J. 1

6-AAXIOTT (e ke AU

MR Tk O Presal TYWST Nawve
lor prdronemissien (o Sfeck &
PR O AV SUAOICE. b Tre YN

AT )The irradiance of the ultraviolet light on the metal plate is reduced
by increasing the distance between the gold-leaf electroscope and
the ultraviolet light source.

State what effect, if any, this has on the maximum kinetic energy
of the photoelectrons ejected from the surface of the metal. 2

Justify your answer.

TS LALLVORE. VO effpes O Are YIORMWMW
Linese. Q_V\e,ﬂ:s o8 FASKk 38 anbd

&%&QQ%QQ}\ » Q\R@ﬁ’%‘eﬁ—c&_
W WO of O preten

VIO USRIC 1 T TR Sgin
c(\);m@\o\hvzk jf-'r\!\ QI e\t c,on%&m\/m
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G-k’

7. (continued)

from the metal plate varies as the frequency -of the incident radiation

@The graph shows how the kinetic energy of the photoelectrons ejected
increases.

The threshold frequency for the metal plate is 1-05 x 10'*Hz.

kinetic A
energy (J)

0 694105
frequency (x 108 Hz)
The metal plate is now replaced with a différent metal plate made of
aluminium.
The aluminium has a threshold frequency of 0-99 x 10" Hz,

Add a line to the graph to show how the kinetic energy of the
photoelectrons ejected from the.aluminium plate varies as the frequency
of the incident radiation increases. 2

(An additional graph, if required, can bé found on page 45.)

Explain why the photc;'electn'c effect provides evidence for the particle
nature of light. - : .

* Showg 4ok PNROENS Can e
PO ve. o \/\2850\5\\\:9_
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8. A student investigates interference of light by directing laser light of
wavelength 630 nm onto a grating as shown.

not to scale

screen

() A pattern of bright spots is observed on a screen.

(M Explain, in terms of waves, how bright spots are produced on the
screen. 1

- Ch TASRE,
caonsitugnve TWRY ferenie LaVnen N
Mmeeks avgrese ofF & WSUSWN WRESS

o L&\n .

(i) The grating has 250 lines per millimetre.

Calculate the angle & between the central maximum and the third
order maximum. 3

Space for working and answer

MA = aing d=_1 ;.4)(\04““
3x630:07 (g TN w
407

@:= Sw ©a%2s \
Q= AL \A6 -
=28 -a°
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8, (a) (continued)

(ii)) The grating is now replaced by one which has 600 lines per
millimetre.

State the effect of this change on the pattern observed. 2

Justify your answer.

|

600 x1000
ACCONOUAG, o MA = S8IN& VO TANOREL - ofve
SIN@=WIA ik diS AeCioOuseth, SIA L
A\ :

[ACRRD8e/ QB TNIRADR. HAL DaR LI Y DRy
RO, TR AGXAARL WAL R ey fuurrer
SPROCA Gisk QU

= LEXQ

(iv) The interference pattern is produced by coherent light.

State what is meant by the term coherent.

T mecuns thou Yue Lipw s o}

QAL VOBV SV %QR\RBI\QLS aneh
QW \)QD\.\SQ,\Q,\'%’\—\A .
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8.

{continued)

The student now shines light from the iaser onto a £5 note.

[ ]

laser

£5 note
not to scale screen

When it is shone through the transparent section of the note the student
observes a pattern of bright spots on the screen.

The diagram below shows the pattern that the student observes on the
screen.

. . .
. . L] L]
[ 3 L ] L]

- L L] .
L] [ ] .

. .

Suggest a reason for the difference in the pattern produced using the £5
note and the pattern produced using the grating.

e drffose OBk DUV
55 m QE'S’:Q:\V\&L%\:K -W\\"C;\L&\/\.
o SOV TIVARQ SRQURASHRIANY O
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9. Aray of monochromatic light is incident on a glass prism as shown.

incident ray

(@) Show that the refractive index of the glass.for this ray of light is 1+89.

Space for working and answer
Az SWAL - SV AS C ) ggFS
SN SN2 - g0 on! YEQUTED.
(b () State what is meant by the term critical angle.
S/ A0 ; o _
e eyrheal auapr 1§ e N\&\f" S g
NN O =227 N TR, NSy

o SANON AL

2
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9. (b) (continued)

(i) Calculate the critical angle for this light in the prism.. 3
Space for working and answer

z = ’&
S\Wa.c "
stn@c =\
-89

Snge = O sTRe
Q= st (OST -- )
Q@ =31-944 v = 319

Complete the diagram below to show the path of the ray as it
passes through the prism and emerges into the air.

Mark on the diagram the values of all relevant angles. 4

incident ray

(An additional diagram, if required, can be found on page 45.)
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9. (continued)

A ray of white light is shone through the prism and a spectrum is
observed as shown.

white

Ty red -
light lass.
w@\mw violet
= MMOLIT —\O‘Ser‘f Udﬂ‘«“
screen

The prism is now replaced with another prism made from a different
type of glass with a lower refractive index.

Describe one difference in the spectrum produced by this prism
compared to the spectrum produced by the first prism. 1

A B0uRr VRACRRR {nadx vw.uvg HASE e
Colours WU k' rfovesk \Bg O SMOLY
OUMOUMK o veok andviclek LW

e cloxer 0 econ oner -
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10. In a laboratory experiment, light from a hydrogen discharge lamp is used to
produce a line emission spectrum. The line spectrum for hydrogen has four
lines in the visible region as shown.

(@) The production of the line spectrum can be explained using the Bohr
model of the atom.

State two features of the Bohr model of the atom. 2

— SO QleCHoNS Teeee SO xR RIYU
con 1oe PrOMTkeci §O NWiner NI
levers vl wavewn ‘wi)\u\mm VAL BQUIA,
e ek oL pravan & U,
- RA Secwon 1S W A %\E&M\Q}s SRV SEANTSIVN

oS YV lauoeRy SNSIREY
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10. (continued)

(b) Some of the energy levels of the hydrogen atom are shown.

, —0-871 %1071

~1-36 x107"J

242 107

- —5-45x 107"

-21-8x107"7J

E

this transition.

3= >

£=

=

e

[\

One of the spectral lines is due to electron transitions from E; to E,.

Space for working and answer

.J%
’(Sexkc“\o\ ‘_C'—QS“{SXLG \

NONR. W =4 0% SRR
© %&Q\g

e=n&

_A\-@O\K\O-\c\'
- G\6 .%O\_,.K\OLt
= g-a x0"iz

%

Determine the frequency of the photon emitted when an electron makes
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10,

(continued)

©

In the laboratory, a line in the hydrogen spectrum is observed at a
wavelength of 656 nm.

When the spectrum of light from a distant galaxy is viewed, this
hydrogen line is now observed at a wavelength of 661 nm.

Determine the recessional velocity of the distant galaxy. .
Space for working and answer

z = ke — At

Ap

2= 60\ — 6S6
66

2= @. T Gaz <O >
Z =V :

C
v = TC

= o220 > 208

= ARG SES 266
= 2-3%6 s
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magnesium.

copper

potato

11. A student constructs a battery using a potato, a strip of copper and a strip of

magnesium

The student then sets up the following circuit with the potato battery
connected to a variable resistoer R, in order that the electromotive force
(e.m.f.) and internal resistance of the battery may be determined.

| potato battery

W ovmvee |

Za

(a) State what is meant by the term electromotive force (e.m.f.).

TR IYORAMUWL. QINOUWA @y @NSTCAA
AL toloe SUPPUEN o each
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11, (continued)

(b) |The student uses readings of current I and terminal potential difference
¥ from this circuit to produce the graph shown.

700
d
~
600
S
= Y

500
400
300
200 <
100

0 y

0 20 40 60 80 100 120 140 160 180
I (pA)
Determine the internal resistance of the potato battery
5% 6 oxr)“ 5y
Space for working and answer 20, 3@){&(} Q
-G
r=yz -yl Cvrocnxxo  A0OXE™
1 ol SRS, (WY p
-3 -3
= EOOXO T - 4:00 >0

20 =\0"¢~ F0-6x10

-v¢ =~ RAS A 60

Y= 20sa-6a

3\
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11. (continued)

() The student connects a red LED and a blue LED, in turn, to the battery.
The LEDs are forward biased when connected.

The student observes that the battery will operate the red LED but not
the blue LED.

The diagram represents the band structure of the blue LED.

n-type

ptype |

electrons in
conduction
band

electrons in
valence
band

LEDs emit light when electrons fall from the conduction band into the
valence band of the p-type semiconductor.

Explain, using band theory, why the blue LED will not operate with this
battery. 1

U L0 VOO OLSINOIRY LU0WRASNOR A oweh
E\@\n@. Q. v\%\;@r !Q\I\Qm ROVRY =
DOV QIECHOVS TRERINR SUXTICIRYUL RN T IV
o Promereh oM fie alevee \oodhdae Tre cavdincion
O - LOUA TIRM AL oKL SRV ey

A\ TONS YIeek VORA G Tre Pn juntion
%%\l\m A DN HOWGRY, The Ygm elearong

QI Nk Bro (Ideol LSt NCN NI\ T
v . \“’R’WM avd)
QMR Wi \OW - Prneian
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12. A student carries out a series of experiments fo investigate alternating
current.

(a) A signal generator is connected to an oscilloscope and a circuit as.shown.

oscilloscope r 1

signal
generator

—
74

red LED

N
L~
ANY

green LED
The output of the signal generator is displayed on the oscilloscope.

div
He—>

, A
div]
Y

The Y-gain setting on the oscilloscape is 1-0V/div.
The timebase setting on the oscilloscope is 0-5s/div.
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12.

(a) (continued)
(i) Determine the peak voltage of the output of the signal generator.

Space for working and answer
V= 0\
= 5\/

(ii) Determine the frequency of the output of the signal éenerator.

Space for working and answer

A
pe}ﬁ@dl

QS

=
!
1"

C(/The student observes that the red LED is only lit when the
ammeter gives a positive reading and the green LED is only lit

when the ammeter gives a negative reading.

Explain these observations. . i
A T QNIRY S pos \NETSES
SRR 1% §lausney I OWL Mwm
rORoUels 1ech. LMUVTLY & posve- Yo

S &k@\p\\/\oa W re. oRe¥ ATt O @fee_r\.
(ED e fov oSl LSUREOA S OV
© oo il cAfelticy?

e wovle s ex-

=
i)

1
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12. (continued)

{b) The signal generator is now connected in a circuit as shown.
The settings on the signal generator aré unchanged.
The signal generator has negligible internal resistance.

signal
generator

11

6802 820
Determine the r.m.s. voltage across the 82 Q resistor.
Space for working and answer

2 kx&2 = |-GAV

i ————

L@g»r?s&\

Py = (S 2

(MG = 64 = \(1s96..
e

=z v
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13. A student sets up an experiment to investigate the pressure dtie to a liguid.as

shown.
/‘ pressure meter
sensor
glass {1
tube
- 11h
1 Y

~

™ tiquid

The pressure due to a liquid-is given by the relationship
p=pgh

where p is the pressure due to the liquid in pascals (Pa),

g is the gravitational field strength in Nkg™,

p is the density of the liquid in kg m=,

and % is the depth in the liquid in m.

(a) The student initially carries out the 1‘nvest1‘gat1’oﬁ using water.
The density of water is 1-00 x 10° kg m™.

Calculate the pressure due to the water at a depth of 0-35m.
Space for working and answer

p=rpan
O O3 X Q-8 = &3S
= 2420 oS | Po

it
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13. (continued)

(b) The student repeats the experiment with a different liquid.

The pressure meter is set to zero before the glass tube is lowered into
the liquid.

The student takes measurements of the pressure at various depths below
the surface of the liquid.

The student recards the following information.

Depth, # (m) Pressure, p (kPa)
0-10 1-2
0-20 2:5
0-30 . ) 36
0-40 49
0-50 6-2

() Using the square-ruled paper on page 43, draw a graph of
p against A. 3

(Additional graph paper, if required, can be found on page 44.)
(i) Calculate the gradient of your graph. 2
Space for working and answer CO -2, & A 3 C0331 4\

ﬂ?—% T S e | = \2- 307 .-
o -5t O-33-0-2

=t -3
(iii) Determine the density of this liquid. 2
Space for working and answer
= Q-8
p=gi = d&x 123
J = BesSA o
= a0-S \Q%W\
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