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Answer all the questions.

SECTION A
Here is a list of physical quantities.
displacement force mass potential energy power
(a) Which one could have the units kgms™?
L R QU el

(b) Which of the quantities are vectors?

d\splg,.camnh...&..j:om@... 2]

The following five expressions represent fai

iliar physical quantities in different situations. Each
symbol has its usual meaning. )

arraeees
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4 The diagram shows a parallel beam of light incident on an aperture of width b in an opague screen.
A detector on the other side of the aperture is moved from A to B.
movable
detector

opaque
screen A

light

YYVYVYVYY

B
The detected intensity varies with distance as shown in the graph.
intensity
A
A e - B
0 distance

The width of the aperture is increased to 2b. The source of light remains the same.

Sketch on the graph above the variation in intensity that would be expected. [2]
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5 A boat heads out north to cross a river as shown in the diagram.

N

By scale drawing
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6 A gymnast leaves the surface of a trampoline with an initial vertical velocity of 12ms™".




SECTIONB

8 Tom connects two loudspeakers to a signal generator of variable frequency and thenhm$unt§ them
on a bench facing each other as shown in Fig. 8.1. A micrqphone is moved along the line joining
the two loudspeakers and its output is detected with an oscilloscope.

to
oscilloscope loudspeaker
to signal
generator

to signal
generator microphone

(a) itis observed that the sound level detected by the microphone varies. The sound level is at a
maximum at several places, including the position X, mid-way between the two loudspeakers.
Explain why the sound level varies and why it is a maximum mid-way between the two
loudspeakers.

- — D€ - - — -

Fig. 8.1

S‘FC&/\/\C&V\L} WA URD Ul (f)voducwt an ‘idLm'¥lic4k
LoaN D Q}«av’dl%g P o‘)(osuﬁ d\véc‘* wond Su{)(v {)c‘)’c,
Al X dhe bLavey ae - &S omd  soperpose

; | Tr o
Qc“ﬁl(vumlludj ‘bj‘O/W\ e tinode . The " ©
\7&{(,6\/0% ‘H—Q \ PO/“\ \thuz\ ii ‘KQ Same w" X

[3]

(Ly The frequency of the signal generator is set at 2000Hz. Calculate the distance between X
and the nearest adjacent maximum.

speed of sound in air = 340ms™"

Aogacen\' Mokx‘lw\& occov )\//)_ aﬁ)@,\,l— <o
e

) ) ¥
distanae = s G000

distance = ............... O~O$S ............... m [2]
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(c) Sam uses the same signal generator and loudspeakers to set up this experiment, but her
observations are different from Tom’s.

(i) The distance between adjacent maxima in Sam’s experiment is half the distance
calculated in (b).

Explain what she must have done differently from Tom in setting up the experiment to
obtain this result.

/I‘w, uaue(Lw\ (j‘"l/\ »13 L\ cl& SO g/vH\e/«

N dooblad e d%%“’mwx | whegowiiz

\\3 Cl'\d,v\gz,i “’(Q C»LV‘ f&&juw/CoMPO;\+loh Se ‘HL

: U w dooblad B A (No* on mmbxl«emg

347 ed W

[2]
(ii) Sam observes that the sound level is a minimum, not a maximum, at the central point X.

State what this observation tells you about the waves leaving the two loudspeakers.

/ﬂ\(:\ W W anh 6)"\0&92, (IZO° out 0& fl'\a«%)

[1]

(d) The experiment is repeated outdoors. It is found that the variation of the sound level is much
easier to detect than in the laboratory.

Suggest, with an explanation, why this is so.
.N(:) ‘_edigc-*(ov\s dvow\ L)C.MS f. CQ\‘\‘V\S Ql\\‘o\/\
\"“.\@v&% oy Gjaﬂ'ewv\ :

[2]
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such as the one shown in Fig. g 1
Standard 50W filament lamps are often replaced by LED lamps g

lamp consists of 22
light-emitting diodes
(LEDs)

Fig. 9.1
(a) The power consumption of the set of 22 LEDs is 5W.
' i D each second.
i) Calculate the number of photons emitted by one LE .
S Assume that the mean pﬁoton frequency is 5.0 x 10'#Hz and that the energy efficiency

is 100%.

h=6.6 x 10545

A ¢ L g . x| ‘~|Ct T
kﬁ - Glelaleiithe 510 2% |0

m
T

P = S/uoeEOreamia/s

=19

hunab-&?/t/ Od» ()l\o‘j'OV\J /SCL - 0-217/23/\ O

number =

(i) The 5W LED lamp has the same brightness as the 50W filament lamp.

For both lamps, virtually all the power input is radiated as photons of electromagnetic
radiation.

Explain what this implies about the nature of the photons emitted by the filament lamp.

Mo Sk OA' Ho oow)u“ o(]t ‘HQ d\lczm@w\f 'G"W\f)
;0 V\b“' \/tSlH.L - W Q,VV\H'S iou@v QV\Q/'V‘J'L/)
\vsdw\,-— ved GJL\O‘J« onS ‘

[2]
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(b) The photons emitted by the LED lamp are not all of the same wavelength and frequency. The
variation of power emitted with wavelength is given in Fig. 9.2.

f «— range detected by human eye —-

Vi red!
power violet ,
per unit :

|

| I

wavelength : !
| 1

| 1
350 400 450 500 550 600 650 700 750 800
wavelength/nm

Fig. 9.2
In (a)(i) it was assumed that the mean photon frequency is 5.0 x 1014Hz.

Explain how Fig. 9.2 shows that 5.0 x 10'*Hz is not a very accurate estimate of the mean

frequency of photons emitted by the LED. .
D O i - £OO0 M
S< 10

&=3:0x 102 msy’ )\._ C/j' -

/lLe MG Ol\(/l’ov\ Q,’V\Q/\/% VV\) |255 "Hf\a»~ ‘H’“S
k& avword S50 nm. [2]

(c) The manufacturers of the lamp giving the spectrum of Fig. 9.2 produce a similar lamp which
emits light with the spectrum shown in Fig. 9.3.

4 ~«—range detected by human eye —

power violet red

per unit l i
wavelength :
I

| I

350 400 450 500 550 600 650 700 750 800
wavelength/nm

Fig.9.3
Explain how, viewing the light emitted by both lamps, you are able to tell which lamp produced

the spectrum shown in Fig. 9.3, and suggest an environment for which it would be more
suitable than the other.

’ﬂsc \a,wxd) w c\?; u’M loon waﬂmev/reddev

So v\o WMo Su‘v‘o\)oh., d'of “\N\ﬁ ‘Sfa’(‘&-
[2]
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er jumped from a balloon more than 36kn

10 In October 2012, the Austrian skydiver Felix Baumgartn e atom.apaning his parachute.

above the Earth’s surface. He fell freely for over four min

Fig. 10.1 shows how his ve jocity changed during that time.
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Fig. 10.1

(a) Atthe height from which Baumgartner jumped, the atmosphere is of very low density.
As he fell, the air became denser.

(i) Using the graph of Fig. 10.1 show that, 30s after he started to fall, his acceleration was
about 7ms2. Show your working clearly.

A(,cw‘evwdn_m\ = Svowh'enl— o& ,}Mjewt, a)c 16 ¢

SR R st 2]
&5
(G-q Guoued)
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(i) Calculate the upward force F acting on Baumgartner at this point.

total mass of Baumgartner = 95kg

g=9.8ms=2 Fkudz x4 5= 760N
W= by a6, 1-3 = ABHN
= E= 92l= 260 = L N [3]

(b) Describe the shape of the graph between 30s and 7 Explaln the velocity changes in
linngeu‘ mayevush to label any

terms of changes in the air through which Baumgartnerdw, s fal
point(s) of interest on Fig. 10.1. ‘

Ve|o¢\1r3 F1sey to  Maxin
el 8MVJ3 L ‘Hbv\
A vesiskam  mclLed

olev\s&‘j/ Wssmo an |

JQ(.\,Q,G\SU)

(c) It has been claimed that Baumgartn
opened the parachute.

Use the graph of Fig. 10.1 toc

Show your method clearly.

Diskama =

Q555 X
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; i forcing the air in front of
11 This question is about the energy losses from a moving vehicle caused by g
it out of its way.

: | road through still air.
Fig. 11.1 shows a bus moving at a constant velocity v along a straight, leve g
The bus is modelled as having a uniform cross-section.

e
«+—— distance moved intime { —————®

Fig. 11.1

The effects of a streamlined shape on the drag forces have been ignored in this model.

(a) The cross-sectional area of the bus is A.

Use appropriate algebraic equations to explain why the mass m of air displaced by the bus in
a time tis given by

m = pAvt
where p is the density of the air.

d‘l‘)&'GMbL *k/c\ve,uﬁﬂ{.

29 \/o(uw\Q O& Q-

v
Avt

MasSS = fAV":

M:va

-

[2]
(b) In this model, the air displaced by the bus is forced to move
Show that the kinetic energy E,

d sl at the same speed v as the bus.
gained by the air displaced in a time tis given by

Exis h;i'l 2 'A%tvl

\

ll(,)A\/q’E

(1]
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(c) Use the equation given in (b) to calculate the power d|$3|pated into the air when a bus of
cross-sectional area 9.0 m? travels at a constant speed of 20ms™!

pE/ . Lu.12<9.0 =

Fig. 11.2

Discuss the advantages and disadvantages of travelling between towns by these different
methods.

/ In your answer, you should include comparisons of energy losses and other factors of
importance for travellers.

PC v ‘Cﬂ' (I)({lv dn(;v SOV a\,uv“(@., dd Co@UL\ and
'\/l/ Comv N 45 /2 St = ‘ 8 G ol PQ,OFLL k,}r
\,*/3 closs- ,SQC"l_ov\c;/L AR AL v arcond é\‘x \Mgc/\/

j\f\ wmoell rjuel oé:}\aew\/ ’HL

Coc\c(/\ ) \rzd) lo \;Q glou@» ouv\o( ov\lj
lec.vm w J&ed J(,n;\eﬁ..

HQL_;QVQ’/\, l Vo rS]

(4]
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SECTION C

The questions in this section are based on the material in the insert.
12 This question is about the article The response time of thermistors.

When the sensors were all plunged into the hot water at time t=0 as described in the article the
results were as follows.

2.0
output p.d./V

1.6
1.4
1.2
1.0
0.8
0.6
0.4
0.2
0.0

Fig. 12.1

(a) (i) State the sensor with the shortest response time.

(ii) State the sensor with the greatest sensitivity.

State the sensor with the least sensitivity.
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(b) The temperature rise was 50°C for all sensors.

Calculate the sensitivity of sensor A.

Av ) -6~ 0-%
/MA@ s

_Se\r\)'\‘hv .L,) =

o. |
sensitivity of sensor A = O'OZ+ ....... unit \/C( ....... 53‘](‘
v

(c) A sensor is needed to provide an early warning system in a baby incubator to prevent
overheating.

(i) State, giving reasons related to sensitivity and response time, which of A, B or C is the
best choice of sensor for this purpose.

A s ot Bl r@g«o‘-\d o gmallen O\/\a,v\ée/)
and U us(@’“@ bime t‘o(} ~ RS dm&

(2]

(i) Draw one additional line on Fig. 12.1 to represent a sensor which, when exposed to
a 50°C temperature rise, has a response time between that of sensors A and B and
greater sensitivity than all of the other three sensors. You can assume that the output p.d.
of the new sensor is 0.4V at room temperature. [3]
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13 This question is about the article Electricity consumption in an American home.

14000

monthly
electricity 12000
consumption )
/kKWh 10000 -

Fig. 13.1

(a) Discuss the effect on the monthly electricity consumption of the changes made in 1998.

/ In your answer, use data from Fig. 13.1 and Tables 1 and 2 in the article.
In this part, you should ignore any changes in the number of people living in the house.

'/lc‘{'C»k QV\\?/\/S'\AS CON SOm FMOV\ ;) \ou(ﬂ\/ vad Vb
cz,\so \oue/v \éO\U{'\ Mov\‘H/\.
Thae axe louﬁeu _Saud«f)s wr the Lomter .

€ -O% Feb 13800 e - less
4360
Auj“’sl' 23500 ) o less

2100
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(b) Use data from Tables 1 and 2 in the article to calculate the energy reduction in joules between
1996 and 2000 for the month of May.

529030 = 1969
12.69¢ oo * OG-

energy reduction = ........... 7‘\X\O .............. J[2]

(c) Fig. 13.2 uses data that take into account the number of people in the house.

120

energy per
person per
day/kWh

100 A

80 -

60 -

Fig. 13.2

(i) Give one reason for, and one reason against, taking the number of people into account.
i More fecf»h‘, Use Mok @nergy  so :\—OJXW
A Some enevy ULCVQL&VV\WS QAL mole()emo(@w 5
‘T.’} He nombie ug peo ?L‘L :
i

(ii) State two separate features of Fig. 13.2 that provide evidence that there were differences
in average monthly temperatures between the two years.

H\SL\QAV [{L LOUM COV\)UV\«("'I'OV) rvxoy\“'LS vl V\OL
«H\;z Some .

[2]



(iii) The average monthly temperatures have not been recorded, only the long-term average
over many years.

Explain why this makes the comparisons of the two data sets less straightforward.
/”\Q, %CWS ‘}'Q’ "ed MC‘—V) /\c,}' Lmuz l’)ee'/\ 41 (,; i ( C./(,

L.;l\\(,\/\ 5t\()0‘d bZ, +C\/h;m L/va(_; Ck((pu-’\l' dc/
valid  data . 2]

(d) Fig. 13.3 shows the relationship between temperature and daily energy use per persor
in 1996 based on the thirty-year average monthly temperature data.

A best-fit line has been added to the data.

120 -

daily energy use Feb 7 i )
per person/kWh =] 1
100 +

r.L [ Jan _ .

80 =

60 b

40 14 [+ May

- Aug
~ | TJul
— Oct + = Sep —]

20

L

0
=5.0 0.0 5.0 10.0 15.0 20.0 25.0

thirty-year average monthly temperature/°C

Fig. 13.3

Comment on the relationship between temperature and energy use shown by this graph.
Hﬁwy ‘LQ\M(‘)&/QA'UW) lead o \ob&/ Ve 94
Co DTS SR [ile. ain com
doey not LS  an Wmech Rugy  as LQCA(V\%.
ek said the data W c\(\»?l& sccMered

- Mo ieeelithion et ek S{VOV\S E 3]

A ArD ande
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14 This question is about the article Thomas Young's double slit experiment.

(@ ()

(i)

(iif)

Suggest, with reasons, why the wave theory of light was not widely accepted in Britain
before Young’s experiment.

Neu-_}ov\ wgv\l/ (}w ‘H’\L q)a,\,nL\CLL ‘\"/Qovﬁ

armd l\Q canwied Suacﬁ- ow‘H/\csv(L«)\ 2]

State and explain why in Young's original experiment the sunlight was passed through a
tiny hole.

To (Pv'oclwoz @ nawoL  beam [1]

Suggest and explain one advantage of using a laser in a modern version of the
experiment.

14 \\a,\ a S'mcju, Qa«lmo%} uax\)&lﬂvxs'l’la

' , 1]
alsc Cche»ewv;

(b) A studentsets out Thomas Young’s experiment but uses a laser instead of sunlight. The
experiment is set up to calculate a value for the wavelength of the laser light.

The thickness of the stiff paper used to split the laser beam is calculated from the measurement
of a stack of 40 identical pieces of stiff paper.

Explain how this method reduces the uncertainty compared with making a measurement of
the thickness of a single piece of paper.

'L;;"\.Jr\/\ 40 (Pit‘ce/) o(} cand the G)DSolulQ_
\Dnggvk—c\,'w—s'y v ol;UtC‘QA % % -—H\,Uﬁ redk)CAM\(j

_«H\_{( O/O onc e\,“'&\«ﬁlé 3
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(c) The following values are measured in the student’s experiment:

U]

= O
thickness of paper, d=0.11 + 0.01mm = q
c
distance from paper to the screen, L = 6.40 + 0.06m = O.% /A
< [+]
separation of fringes on the screen, x=2.4 + 0.1cm. = % A

The student wrongly states that the percentage uncertainty in the wavelength '?h':g?;'e'};
equal to the percentage uncertainty in x, the separation of the fringes, because

two percentage uncertainties are much smaller.

Comment on the student’s statement.

Use calculations to support your answer.

La~3
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(iii) Calculate the maximum value for the wavelength 4 using the uncertainties quoted in the
student’s measurements.

A B e s Griad
X o
5 6-35

-

......................... e e ) [2]

(iv) Thevalueof_ .. from the student's data is significantly lower'fthan‘r’the manufaetu.ner’s
value for the wavelength of the laser used in the experiment, which is

Explain how this value supports the statement in the article:
The systematic error introduced by placing the card at -am

thickness of the card.

The 53>+evwaA'(c e i
= I(,fS x 160 nwm L:Lﬂ

.

V4 aMvoond q 0/0 "&“

I e cad v “}f
):)e W\uo‘/\ |a/vg)0~

condh .







