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NATIONAL TUESDAY, 14 MAY >
QUALIFICATIONS 1.00 PM — 3.30 PM PH?S]C&”
1005 HIGHER
Read Carefully

1 All questions should be attermpted.

Section A (guestions 1 o 20)
2 Check that the answer sheet is for Physics Higher (Section A).

3 Check that the answer sheet you have been given has your name, date of birth, SCM
iScottish Candidate Number) and Centre Mame printed on it.

Do not change any of thess detaile,

It any of this information is wrong, tell the Invigiator Immediately.

I1 thiss Irbormation is correct, print your name and seat number in the boxes provided,
Use black or blue ink for your answers. Do not use red Ink.

There i3 only one correct answer 1o each question,

Any rough working should be done on the guestion paper or the rough working sheet, not on
your answer sheel

8 Atthe end of the exam, put the answer sheet for Section A inside the front cover of your
answer book.
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10 Instructions as to how e record your answers to guestions 1-20 are given on page three.

Section B (questions 21 1o 30)
11 Answer questions numbered 21 to 30 in the answer book provided.
12 Fill in the datails on the front of the answer boak,

13 Enter the question number clearly in the margin of the answer book beside each of yaur
answers o questions 21 fo 30,

14 Care shoukd be taken fo give an appropriate number of significant figures in the final answers
to calzulations.
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DATA SHEET

COMMON PHYSICAL QUANTITIES

Quantity

Symbal| Value

Chuantiry | S}:#;ér:::-.ﬂ. Falue

Speed of light in |
VRCLIUTT | = 300 3¢ 10%m 5 ™
Magnitude of the |
charge on an
electromn e 1e0x 107 ¢
Caravitational _
aeceleration on Earth 9Hma

| Planck's constant 633107 ] s

REFRACTIVE INDICES

The refractive indices refer to sodium light of wavelength 58% nm and to substances at a temperature of 273 K.

Mlass of electron

Mazs of neutron

Mass of proton

i, | 911 =107 kg

16752 107 ky

1-673 % 107 kg

B Subsiance Refractive Fndeic Swbstance Refractive index
Driamond 242 Warer 1-33
o elass 150 Air 1=Ckb

SPECTRAL LINES

| Element [ Wacelength nm Colots Flement 1 Wavelength mm Colonir

| Hydrogen 656 Red Cadinium 44 | Red

LT Blue-green LI Cireen
434 Blue-vialet 4RI | Blue
410 "n-’_lu:litt i
97 Ultravicles :
189 Ultraviolet Element Warelemgth fnum Calour
Sodium 559 Yellow Carbon dioxide | 9550 Lrrfraved
LR
Helium-nean | 533 Red

PROPERTIES OF sSELECTED MATERIALS

Subitance Denzity) Melting Pormty | Boiling
kg o K Podaetf
K
Ahginiom | 270107 433 2623
Copper 896 = 107 1357 2853
Tee g-20) » 107 273 .
Sea Water 102 = i 2t Ty
Water 100 10° 273 373
Air 1-24% e s
Hydrogen o0 » 107 14 | 20 |
i | i |

The gas densities refer to a temperature of 273 K and a pressure of 1-01 % 10" Pa.
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SECTION A

For guestions | to 20 in this section of the paper the answer to each guestion is either A, B, C, D or E.
Decide what your answer is, then pul a horizontal line in the space provided—see the example
below:

EXAMPLE

The energy unit mensured by the electricity meter in your home is the
A ampere
B Eilowatt-hour
C o owant

I3 coulomhb

E vl
The correct answer s B—kilowatt-hour. The answer B has been clearly marked with a8 horizonml line (see
bl 1.
A B C D E
Changing an answer
If yous decide to change your answer, cancel yoaur fiese answer by putting a cross through st (See below) and fill
the answer you want. "['he answer below has been changed w B.
A B C D E
If vou then decide to change back w an answer you have already scored out, put a tick (#°1 to the rght of the
answer vou want, as shown below:
A B C D E o B. C D E
= )'(“? gt 9{ — B = :‘(‘*E = =
L
i

[Turn over
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SECTION A

Answer questions 1-20 on the answer sheet.

A cor trovels from X to Y and then from Y o A
as shiown,

Y Mikm &

40 km

It takes one hour to travel from X 0 Y [t akso
takes one hour to trese] from Y o #

Which row in the following table shows the
mpgnitudes of the displacement, average speed
pnd nveruge velocity for the complete journey?

Awreryge
s
ikm b

Arwrage
valartiby
(km b))

ITheplacemeal
(k)

Fo ] 50 i5 25

B L] 33 25

i 30 A5 3o

] T T 3

E a0 L Za

-1
An ohiect hes a constant acceleration of 3ms
Thiz mesns thae the

A distance travelled by the object increases
by ¥ metres every second

B displacermnent of the ohject moreases by
3 metres every second

C speed of the object 1= 3ms . every soecoind

I} welociey of the ohject s 3m$" EVETY
second

E welocity of the object increases by Fme

every gecond.

3. A car of mass 1200 kg pulls a horscbox of mass

T00 ki abong @ steaight, horizontal road. They
have an acceberation of 20ma™.

TO0 kg

caupling

Assuming that the frictional forces are
neghgible, the tension in the coupling between
thie cor and the horsebox ig

A MM
B TN
O 1400 ™
v 2400
E 3I800N

. A mass of ke shdes along o frctionbess

aurface at 10ms  and  colhdes with a

stationary mass of 1k,

before impact

1k
il 1

10ms

Afeer the collision, the 2 kg mass r-:bql-unda-lar
S and tha 10k mass moves off gt Jms .

i

Ims

after impact

2k
<
I

Smsa

Which row im the fallowing table s correct?

Puage four

Memeaptum af | Kovetee snermy | Type of
rinlent af Byifem emlizston
comserved conseryied clasric
conserved | not conserved | Inelsstic
conserved | not conaerad elastic
not conserved | motconserved | inelasnc
nor conserved | not conserved elastc




S A golfer hirs a ball of mass 50 = 17" kg with a

golf cluly  The ball leaves the twee with a
velocity of &lhm :-:_I'. The clal s o contect
with the ball for @ time of 0-10s.

The average force exerted by the club on the
buall is

A e25xWTN

B 025N
4N
(3 4™

E 40N

A solid ar a temperature of =20°C w heaved
until it becemes a liguad an 7OOC,

The temperature change in kelvin is
A LLIE

B. A potentinl difference of 3000V = applied

B WK
C MK
O 361K
E 596K,
9.
7. One voltis
A one coulomb per jouls
B one joule coulomb
C o one joule per coulomb
[}  one poule per second
E  one coulomby per second,
[X069,/301] Page five

between two metal plates. The plates are
Q-1km apart, A& charge of +2-0m is released
fromn rest at the positively charged plate as
shown,

= »
S000V
- —::I—
20 mC
i 0-10m 3

1he Einetic energy of the charge just before it
btz the negative plate is

A #0x107)
B 20x107)
C o 50)
D10

E 300].

An p.c, signal is displayed on an escilloscope
acreen, The Y-gain and time-base controls are
ser A shown.

I civ
-

1 div}

-5 140 (-5 1-0
u-z@z-n u-z@z-u
(-1 R0 {1 54

Vidiv ms/div

Y-gain Time-hase

The frequency of the signnl is

A B-50Hz
B 125Hz
£ 2 Hz
D 2 Hzx
E  5iMiHz.

[Turn over




10, A capacitor s conmecied toa creull as shown. 12. A student sets up the following circut.

20 kEY
— -
==
=]
— [113:E1
A = {1} B
"l ———0
+
(A i ¥y
et )
4.0 Anmerer o 5

The aliernating supply has a constant peak . y
voltage but its frequency can be vired ['he graph below shows how the input voltage
; I, vares with time.

The frequency s seeadily increased from 30 1z

to SO0 Hz. The reading on the a.c. amnmeter ]
ey Ca =
A remains constant ]-I
B decreases steadily IF| i
L increases steadily
O i A decrearsg Which of the I:-l,;u|.|-::-w:||.|.|; Hrﬂ|:-|:|3 shows how the
output 1.'|||ﬂ|g-r' I'-I. varies with tune?
E  decreazes then increnses,
A [ )
11, An amphber ciecwaie s ghown, L Ll Sl
i kLl I[Hilbﬂ ] | [ i . pl i - -t
o I
20 kLl i
=3 Sl
0 fm
; IS
o i
= ; : : . C Ky¥ :
Thi wariable resistor can be adjusted from zero ih BT
to 100 kEE, This allows the voliage gain o be
alteresd over the range
o, . .
A Zern 1o one
B zerotofive
L t 2
ZErn iy 51X 1 E
Vo'b i time
]-:I LRTRES A N] Ei'u\.'
E one o six. ;
E PV
i 2 L =
0 time

[X 069,301 ] Page sx



13. The
relattonship  between  hght intensity [ and
diszance o [rom a point source s showmn,

SCAarce

lizht e —
i ACTIST Ij
. hght
i IMEE RSty
: meter
i “'
_-—

The expernment & corned out in 8 darkened
PO

Which of the following expressions gives o
constant valuer

A
H

C

]

—_—
IH

14. Microwaves of fnuquell.l.':,' 20 = 10" Hz traovel
I:]]Iu-'ugh air with o r;|:r|:ed. of 3 x Ifl:’mx_], n
entering a bath of ol the speed reduces
15 % 10 ms,

The frequency of the microwaves in the oil 1=

A
B
L
)
E

apparatus  used W vestipate the 15.

)
Ixd
4

il

A

a

1xd

10 % 10" Hz
2.0 % 10" He
#0 % 10" He
30 % 10" He
felh w2 10" He,

[X069/301] Page seven

Which graph shows the relstionship between
frequency foand wavelength & of photwone of
alectramagmetic radiation f

LI

I

0 A
f
i i
[Turn over




1. A liguid and o solid have the same refractive 19. Part of a radioactive decay series 15 shown,
index,

[ AL * L Pl
What happens to the speed and the wavelength UE: a’,f;"' i o poemee nth
of hight passing From the liquid into the solid?

A bismuth nuclewss ermits o heras particle and its
Sl Warelength product, & polonmom necleus, emits an alpha
particke
A stays the sarme stays the same Which numbers are represented by P, (), H
gnd 57
B decreases decreases . [
| P o i 5
& cl e reanes L TEA RS
A 212 B3 212 E
I LOE TEASES LNCTEARCE
B b3 B3 22 bt
E INCTENSES decreases =il

C it 85 208 LB

17. The intensity of light can be measured in

¥ 1t a3 208 h]
A W
B W m—' E 20 85 RN LK | a4
C Wm
O Wme y 20, The equation below represents a  nuclear
E W 2 reaction.
- m.
235 i 2 141 1 i i
U + p— KEr+ Ba+n+n+n
a2 0 h L il il il

18 The dmpram below cepresents part of the
process of stirmulated emission ina lhser .
It 15 am example of

slectron excited level stute % valans Kk

alpha particle emission
incident radiation
e —

av

3]

C beta particle emission
[}  nduced nuclear fission
E

ground level state spontancous nuckear fission,

Which of the following statements  Dbest
describes the emitted radation?

A Out of phuse wnd emitted in the same
direction a5 the mewkent radiation

B Ot of phase and emitted in the opposite
directinn to the incident radiatian

C  Inphase and emitted in all directions,

[} In phase and emitted in the same direction
4z the incident rodaation

E In phase and emitted in the opposine
direction to the incident Fadution

[X069/301] Page eight



[SECTION B begins on Page ten]

[Turn over
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Mearks
SECTION B

Write your answers (o questions 21 to 30 in the answer book.

21. {a) A student uses the apparatus shown to measure the average acceleration of
a trolley travelling down a track.

vehicle with

tirner

The line on the trolley 1s aligned with line P on the track.

The trolley is released from rest and allowed to run down the track.

The timer measures the time for the card to pass through the light gate.

This procedure is repeated a number of times and the results shown below,
0-015s (0013 s 045 0 s -7 s (118 s

(i} Calculate:
{A) the mean time for the card to pass through the light gate; 1
{B} the approximate absolute random uncertainty in this value. 1
(it} The lengrh of the card is 0-020 m and the distance PO is (60 m.

Calculate the acceleration of the trolley (an uncertainty in this value
is not required). 3

[X069,/301] Page ten




Marks

21. (continued)

(M The light gate consists of a lamp shining onto a photodiode.

The photodiode forms part of the circuit shown,

x-
[ tirmer |
2kLY
+ o]
Y s —
= Y =
“‘Hﬁ
&
(11 In which mode is the photodiode operating? 1
{11} Explain why the timer only operates while the light beam s broken. 2
(8)
[Turn over
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Marks

22, A “giant catapult” is part of a fmrground ride.

launch platform

electromagnet

Two people are strapped into a capsule. The capsule and the occupants have a
combined mass of 236 kg,

The capsule is held stationary by an electromagnet while the tension in the
elastic cords 15 increased using the winches.

The mass of the elastic cords and the effects of air resistance can be ignored.

{a} When the tension in each cord reaches 45 % 1" N the electromagnert is
switched off and the capsule and occupants are propelled vertically

upwards,
(1) Calculate the vertical component of the force exerted by each cord
just before the capsule is released. 1
{i1) Caleculate the mitial acceleration of the capsule. k)

(i) Explain why the acceleration of the capsule decreases as it rises.

(b} Throughout the ride the occupants remain upright in the capsule.

A ghort time after release the occupants feel no force between themselves
amd the seats,

Explain why thiz happens. 1
(6)

[XO69/301] Page teelve
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23. A polvstyrene float g held with itg base 2-0m below the surface of a swimming
poe.

water surface

2-(lm

polvatvrene float

(a) The float has a mass of 12 g and its dimensions are 0-50m * 0-30m % 0-10m.

Calculate the density of the {loat. 2
i) Explain why a buovancy force acts on the float. 2

(¢} The float is released and accelerates towards the surface. Taking into
account the resistance of the water, state what happens to the acceleration
of the float as it approaches the surface. You must justify your answer. 2

() Another float made of a more dense material with the same dimensions is
now held at the same position in the pool.
The float is released as in part {¢).

State how the nitial acceleration of this float compares with the
polyvstyrene float. You must justify your answer, 1

()

[Turn over
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Marks

24. ‘The apparatus used to investigate the relationship between volume and
temperature of a fixed mass of ar 15 shown,

thermomener 'l,'

r;l’
E |~ gyringe

| ———trappd @t

bealer

E-it."-il!

waler _.-""l

The volume of the trapped air 15 read from the scale on the syringe.

The temperature of the trapped air is altered by heating the water in the
beaker. It 15 assumed that the temperature of the air in the syringe is the same
as that of the surrounding water, The pressure of the trapped air 15 constant
during the investigation.

fa) Readings of volume and temperature for the trapped air are shown.

Temperature/ "C 25 50 75 100

Valume/ml 2ih 226 240 25-4

(i} Using all the data, establish the relationship between temperature
and volume for the trapped air. 2

(it} Calculate the volume of the trupped air when the temperature of the
water 15 65 *C. 2

{iii} Use the kinetic mode] of gases to explain the change in volume as the
temperature increases in this investigation, 2

[XO69,301 ] Page fourteen
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Marks

24. (continued)

(" An alternanve w measuring the volume using the scale on the EVTINgE, I8
to connect the piston of the syringe to a vanable resistor.

0

i
F
prEton
The variable resistor forms part of the cireuit shown,
50462 TR
—_
Q —@—1 :
P (R
variable H 2000163
PERISTOT
pL
The reading on the voltmeter 15 'V when the temperature of the air in the
ayvringe is 0°C,
(1) Calculate the resistance of the variable resistor ar this temperature. 2
3 {11) T'he temperature of the gas in the syringe changes from just below to

Just above 30°C, This causes the resistance of the variable resistor to
change by a small amount,

Sketch a graph of the reading on the centre-zere voltmeter against
the change in resistance of the variable resistor. Numerical values are
not required on either axis. 1

(%)

[Turn over
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Marks

25. A student setzs up the following circuit to find the em.f, K and the internal
resistance Fof a battery.

Readings from the voltmeter and ammeter are used to plot the following

graph.
i B
3 :
w5 BRI
4 :
TN :
voltage/N 4 q
i
2 =y 1
1 HH i
i ™
. ] 1
i 2 04 06 08 10 12
clFrentf A
(@) What s meant by the term e f.7 1

() (1) Use the graph to determine:

(A) the e.m.f; 1
(B) the internal resistance of the battery. 2
{i1) Show that the variable resistor has a value of 158} when the current
15 0-30 A, 1
[X069/301] Page sixteen
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Marks

25, (continued)

(¢) Without adjusting the variable resistor, a 305 resistor is connected in
i parallel with 1t

1542
00
Calculate the new reading on the ammeter. 2
(7)
[Turn over
: [XO069/301] Page seventeen

e e e e e ———— e e e e e



Marks

26. A smudent investigates the charping and discharging of a 2200uF capacitor
using the circuit shown.

Y Y —— 2200 pF

EIRY

®

The 9-0V battery has negligible internal resistance,
Initially the capacitor 15 uncharged and the switch is at position X,

The swirch is then moved to position Y and the capacitor charges fully in 1-55,

capacitor charges.  Appropriate numerical values are required on
borh axes, 2

(1} The resistor s replaced with one of higher resistance.

%L’rﬂ (i) Sketch a praph of the p.d. across the resistor agamst time while the

Explain how this affects the ume taken to fully charge the capacitor, 1

(i} Ar one instant during the charging of the capacitor the reading on
the voltmeter 1z 40V,

Calculate the charge stored by the capacitor at this instant. 3
{(B) Using the same circuit in a later investigation the resistor has a resistance
of 10 kL), The switch s in position Y and the capacitor is fully charged.
(1) Calculate the maximum energy stored in the capacitor. 2

{11) "T'he switch 18 moved to position X. Calculate the maximum current

in the resistor. 2
(10)

[X069/301] Page eighteen
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Marks

27. A car is fitted with an alarm which sounds a buzzer when the outside
temperature falls below 3 °C.

The sensor 15 a thermistor located under the mirrer on the side of the car,

SUTIBOT

o+ ]2V
1 VG
| R :(] val'j".-i':-r.‘T
75 k2 100 k12 —
500 kL) "— x
P . S — Tl
1 -
S0 kL2 r ol
t T
20 k€2 1M G‘)
* # - ol

ta) What names are given to the terminals labelled x, ¥ and 2 on the symbol
for the MOSFET?

Clearly indicate which name goes with which letter. 1

i6) The buzzer sounds when the reading on the voltmeter is greater thun or
equal to #2-00V.

(1} Calculate the mimimum potential difference required berween points
P and Q) o sound the buzzer, 2

(1) Calculate the resistance of the thermistor when the reading on the
voltmeter 15 20 V. 2

(5)

[Turn over
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Mavks

28. A physics student investigates what happens when monochromatic light passes
through a glass prism or a grating.

(@) The apparatus for the first experiment 15 shown below,

60 *

Bl1*

red filter Yo lght

S white light

glass prism

(1) Calculate the refractive index of the glage for the red hight. z

{(i1) Sketch a diagram which shows the ray of red light before, during and
after paszing through the prism. Mark on your diagram the values of
all relevant angles, 2

() The apparatus for the second experiment 15 shown below.

SCTEETE
- bright
Erating
- bright
projector  white
light red light
PE'- iL FEECEELEEE R bright
~J8
red filter "‘xH - bright
"~ bright

A pattern of bright and dark fringes 15 observed on the screen.

The grating has 3H) lines per millimetre and the wavelength of the red
hight 15 630 nm,

(i} Explain how the bright fringes are produced. 1
(1) Caleulate the angle 8 of the second order maximum. 2

{iti} The red filter is replaced by a blue filter. Describe the effect of this
change on the pattern observed.
Justify yvour answer. 1

(8)
[X069/301] Page twenty
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29, In 1902, P Lenard set up an experiment similar to the one shown below,

moncchromatic
mictal radiation

metal
plate e _~cylinder
N F
|

®

. f

There 15 a constant potential difference between the metal plate and the metal
cvlinder,

Monochromanc radiation is directed onto the plate.
Phaotoelectrons produced at the plate are collected by the cvlinder.
The frequency and the intensity of the radiation can be altered independently.

The frequency of the radiation is set at & value above the threshold frequency.
{a) The intensity of the radiation is slowly increased,
Sketch a graph of the current against intensity of radiation. 1

{(#) The metal of the plate has a work function of 311 % 10"]. The
wavelength of the radiation s 400 nm.
(i} Calculate the maximum kinetic energy of a photoelectron. 3
{11} The battery connections are now reversed.

Explain why there could sull be a reading on the ammeter, 1

(5)

[Turn over
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Marks

3. The novclear industry must meet health and safety standards for workers.
Aworker has to handle radisactive materials behind a screen.

(@) The screen must be sufficiently thick to reduce the radiation to an
acceptable level.

Different thicknesses of the screen material are placed between the source
and the Geiger-Muller tube,

radioactive .
screen material Creiper-Muller

SOLrCe
I: tube
f0 COUnNTEr

The graph shows corrected count rate plotted against thickness of material.

250 17 = ,
] H 1 HEEH 1
Py ?"\.1 ma i
g BN
= 200
& ] i ? =
[ T IRE B
& H b i ]
E .
= 1510 !
= |
3 . I H
£y T
g
B 10O H T
E 1 [l
=
TE S0 . ] I 8
s E ;
0 5 1y thricknessimm
(1] Dretermine the half-value thickness of the material. 1

{itf) The dose equivalent rate in air a short distance from this source s

2psvh™

When a certain thickness of the matertal is placed in front of the
source, the dose equivalent rate at the same distance falls to 2-5 uSv R,

Calculate the thickness of the material. 2

[XO06%30H ] Pape troeniv-tzon




Marks
30, (continued)

(h The recommended dose equivalent limit for exposure o the hands of a
worker 13 500 mSv per year.

On average the worker 15 exposed to 2-0mGy of gamma radiation,

200UGy of thermal neutrons and 800Gy of fast neatrons each hour when
working in thas area.

The quality factors for these radiations are shown.

Radiation Cheality factor
LTI A 1
thermal neutrons 3
fast neutrons | 10

The recommended dose equivalent limit must not be exceeded.

Calculate the maximum number of working hours in one year permitted
in this areca.

(%)

[END OF QUESTION PAPER]
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