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13

14

= v>,gR

W = mA¢
50=2.0(¢5—04)
0a—6, =25 Jkg
W,,, =mA¢
~60=2.0(6c-bs)
¢ ==30 Jkg™
W, =mAd

1000 =2.0(¢..~c)
¢, =-500 J kg™
~¢s=-470 J kg and ¢a=-495 J kg
Using @=mcA8,

Q_M g
tt

Rate of heat removed is

hou ﬁ».oio:u
| || :
_\t)_{ 60x60 ) 40x10 kg s

TcAG  4200x8  4200x8x60x 60

m
= —
t

For the grain of sand,

Ategm:a=10
N=mg

At x = +X,,
mg—N=ma
N=mg-ma=mg-mg=0

At x = -Xo,
N-—mg=ma
N = mg + ma =mg + mg = 2mg

15

16

17

18

19

20

X = X, sinot
2n
=3.0sin| — [0.25
m_:hn.ou
=21m

Total distance travelled = 3.0 + 2.1 =5.1 cm

. . in25°
phase difference = ﬁll x 27 =0.34 rad
A is incorrect At X, the air pressure is maximum
B is incorrect It is a progressive wave not a standing wave.
C is correct At X, the air molecule is moving to the right.
A
displacement

NaN
AR

D is incorrect At Y, equilibrium position, the air molecule has the highest speed.

Ql<

2.0
10=="-,d=0.20 m
d

A=2d=040m

Distance moved from initial position at M to second minimum intensity = 3(1/4 ) = 0.30 m
ke = w#:\on v

using v? = 0+ 2ax = v? < x = v v/x and ke « X, S0 quantity Y'is speed v

E field is uniform inside the parallel plates, electric force is constant.

Electric potential energy, U =eV decreases linearly with x since e is negative and V is increasing
linearly from -V to 0.

<)
r
By potential divider method, the p.d. across internal resistance is E 2 =E ———
R r 2R+r
+ pa—
2
P 1y V. r
Fraction of Power= —4*-=—"- =T =—
Pow Wou E 2R+r
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() ()

(c)(il)

(e)(iii) 1

{e)iiiy2

(d)

The effect of diffraction through the slits of diffraction grating causes
interference fringes of higher order to have lower intensity than the
zeroth order maxima.

(Peak C corresponds to the zeroth order of the diffraction pattern
whereas peaks B and D the first order and Peaks A and E the second
order.)

Time interval =3.7 x0.1=0.37 s

0 =wt=2.1 x0.37 = 0.78 rad (ecf)

Using the grating equationn A=dsin8,d=1x 103/ 550
sin®,=2x55x10 x A

A = 640 nm (ecf)

Peak E is preferred as the angle 6 is larger so the percentage uncertainty

for calculating the wavelength is smaller.
FromnA=dsin@
n<dA=1x10%/550x640x10°=28

Hence, the highest order observed is 2" order maxima.

Total number of orders observed =2n +1 =5

Diagram must show that since the slit separation remains the same, the

fringe separation remains the same. Peaks are less intense (poorer
contrast) and less sharp (broader and less defined).

O SN BT R

PSR SR SV S

4
7 / _/ "
H hy o

H

C1
A1
C1

A1

C1
C1
AQ
M1

4 (a) ()
(a)(ii) & (b} ()

() (W

{iii)

is larger, leaving less potential difference across the LEDs.
OR

With two LEDs in parallel, effective resistance between the LEDs is
lowered.

By Potential Divider Principle, the potential difference across each
LED is also lowered.

From the graph, it can be seen the current decreases with voltage, so
the power (P=VI) dissipated in each LED is lower, so brightness is
dimmer.

2.25/0.0108 = 208 Q c1
120 T
1]
mA T / R
8.0 . v
OO TR T T T/
A ‘
40
00 12 gEEEEEEESERR
0.00 0.50 1.00 150 2.00 2.50 3.00
i viv
(a)(ii) correct area shaded B1
(b)(i) Line R should be a straight line passing through (0,0) and M1
(1.60 V, 10.0 mA)
Draw a horizontal line on Fig. 4.1 such that the pd across 160 Qand  B1
LED1 adds up to 3.0 V.
1=6.2mA Al
With two LEDs, effective resistance of the circuit is lowered, B1
leading to higher current from battery. B1
With higher current, the potential difference across the 160Q) resistor  B1
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7(a)(i)

(b))
(b))

(b)iit)

(b)(iv)
{c)®)

(c)(ii)

(d)

\HWUhn\m
S

wum.oxaAm.mxSJ
=13x10" W

1.3% 107 W
_P_F

S 4nr?

_ 13x107
47(6400x10°)°
=253 Wm?

/

x-axis marked with an arrow labelled M at 800-1100 nm

Amax? =K

'max

1000(2900) = k
k=29x10° nm K

Amax T=2.90 x 108 nm K
Sun: Amax = 2.90 x 10%/ 5800 = 500 nm

Earth: Amax= 2.90 x 108/ 290 = 10000 nm

Sun’'s curve always above the original curve and peak at 500 nm

Radiation window — range of wavelengths which are transmitted/not absorbed
by CO2

At 11000 nm, CO- absorbs close to 100% of radiation, so it is not a radiation
window

Sun's peak intensity in the 500 nm visible range. Energy radiated by Sun is
able to pass through atmosphere as it is within the radiation window.

The visible fight that reaches Earth is absorbed and re-radiated.

Earth’s peak intensity is in the 10000 nm infrared range. Energy radiated by
Earth is trapped by carbon dioxide as it is not in radiation window.

This leads to increase in temperature within the atmosphere.

c1
A1

A1

M1
M1

A0

B1

C1
Al

At
A1
B1
B1

B1

B1

B1

(e)(i)

(e)(i))

3un<nv<nm=|

p
2.8x10"
v="——=28x10" m?
Toxios - 28x10m

Ice floats thus upthrust = weight of ice. And upthrust equals weight of displaced sea
water.

When ice melts, melted ice water only occupies the same volume as submerged part
of ice pack

Hence no change to sea level.

C1

A1

M1

At

More papers at www.testpapersfree.com



BP~557

‘aul] 349 uo (091 °0 ‘£6€°0) JOPISUDD
T POUBWN

(p)

g
1a

el 019Z JaB SaAIND MEID OYM SJUBPNS “Z
T 96€°0 01 1 06€°0 Wwoy sebiuel w1 091 °0 = A e 34O dUj 10§ dnjeA d|qeIdessy
r96€0=3d9 < 6100+ IdD+0=8p¥0
IdI+3IdD+3¥ = FL wWo9L0=4Lv 'L

(091°0 ‘£6¢°0) pue wbLo ayy ybnosyy Buissed
auy )ybreng

()

A4
(2¢]

I G¥b0 PUB I Oy 0 UsamMisq Jamsue Jdooay-

rSbo=

SO+ 0+0
IdF+3dO+ 3 = 3L
‘w0 0=A

@

132

g

‘uonisod jey) spJemo) pajoallp skeme sj pue
uopisod wnuqjinbs
By} wouy Juawese|dsip sy o} jeuoipodoud st apued ay) Jo uopersjaooe ay )

(=)

(ed ¢0L x G¥'L = 9d <= (0L * 1L'Z) 8 = (,-01 x 62) % (s01 * G0°L)

“JUBISUOD = A4 ‘g Seb Jo4

1S€ £0€
e, X L= (Q & =
d 0Ll LOLXLZx"d 5 0LX6ZX,00X50'}
- JUB)SUCD = e ‘v seb 104)
6C 1T Ad
(W ,.0T /3wnjor < T T
............... Lt----450'T
gses!
‘ v sed m
pajeopul A ‘'d e f1al - VR O\ N ] -
'91els [euy o} jeput woy smode [1g)
gueyjedessy puegenogey \ ] 1
uim ‘uiod swes je uejs sydedt [1g] ¥ ed,01/aunssaid ()

LVl relg=m
M+0=11'8
M+O =NV
‘saleuApounIay) JO ME| | 8Y) wol4
‘0 = O ‘uojssaiduwios ojeqelpe ue ssofisapun y seb sourg (1)
e woll ‘J°0'9 Mol
rvLg=
4
(vl (c0e- 26€)x( 0L x8E" iaovx%ﬁvm =
A2 £ nv
Ll € 0 (@
(vl F-0L%X22'9=,01%x2/29=
4
(c08)*(cr-01 %88 x5 =
[
DIe="3 w
(1] 120l X 8L =201 X 28T L=N
Ll (£0€) % (cz-01 x 8€°L) X N = (,-0L x 62) x {01 x 60'})
DIN=AD (1)
‘Wwa)sAs oy}

40 S9INOB0W aY) YIm pajeroosse ABlaus sneun| Jo uolNgUISIp WOPUE! B JO Wns ay)
[Lg] se sessaidxe aq ueo ) pue waysAs ay) jo aje)s ay) Aq paunuisiap s ABlaus jeussiu)  (1e)

£d suoinjos wieid sosAud zH Zor

)

More papers at www.testpapersfree.com




BP~558

mg (0.160) = 0.393
m = 0.250 kg

Method 2:

Aty = 0.080 m, the equilibrium position of the SHM, extension e of spring is 0.040 m.
(See Fig. 4.1). There is no net force on m, thus

ke =mg

(61.4)(0.040) = m (9.81) = m = 0.250 kg

c2
A0

(e)

Method 1:

ke =dmv? - lmeix? = o.smuwa.wmoxwﬂamsbmcw

T=0401s

T=2n hm.nma olfmm"oso;

@
IS

Method 3:
At y = 0.000 m, the extension of spring is maximum, emex= 0.120 m. The mass is at
its amplitude position in its SHM, so displacement is x, = 0.080 m. (See Fig. 4.1 ).

C1

At

T+ F,=ma = ke,-mg=ma,
ke, ~mg=m(&’x,)
(61.4)(0.12) — (0.25)(9.81) = (0.25)(a? (0.08))
T= 27 _ 0.401s
@
Amv F= Qm = QWK
d
AV
1.12%107"8 =1.6x107"° —— C1
0.10 1
AV=V,-0=70.0V
V,=700V [A1]

{b)(i)

(b) (i)

{b)(i)

{c)

(d)(i)

{d)ii)

Gain in PE =Loss in K.E. of electron

qAav HW:EN
1 [C1}

-1.6x10™"°AV qum.:ioé x(4.30x10°)?
V., -70=-52.6V [A1] (ecf)
V, =174V

|

| |

Al B
eleetion: Hr

| |

B

1 13

e L/.m

_ 10.0 cm !

E=AV/d=70/10=7.0Vcm*
sfor AV=526V,d= 52.6/7.0=7.5cm [C1] (ecf)
Draw a vertical line 7.5 cm from plate A  [M1]

The electron will stop before the equipotential fine as the horizontal component
of velocity in the direction of the field would be lower. [A1]

F=ma=qE
1.67x10%a, =1.6x107" x2.0x10*
a, =1.92x10%m s>

1
&uMm&N
Yos0x102)=1
2 2
t=51x10"s [c2)
s, =ut=35x10°%x5.1x10°=0.179 m [A1]

c 92x SJm

Apoton =qE/ M

Bape=20E/AM =% 2 pron = 9.6x 10" ms2z  [C1]

Same vertical displacement for both proton and alpha
[c1]
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6 (a) (i) -When an electron transits from a higher energy level to lower energy level, BA1
energy is released as electromagnetic wave or in the form of a photon, of
energy hf. The difference in energy between 2 levels, AE is equal to the
energy of the photon/ or AE = hf.

_since energy level is discrete, the difference in energy Is also discrete.
Hence, only certain discrete frequencies exist, hence line spectra 81
obtained.

(i) Energy has to be supplied to the electron to bring it to infinity/ to remove the B1
electron, where PE is zero without a change in KE
OR
The electron is bound to the nucleus. Total energy of the system/atom is
negative. Hence work has to be done to remove the electron from the atom.

(i)
. 279
Using E, = -~
n E, Il eV
1 -27.9
2 -6.98
3 -3.10
4 -1.74
n ym\ eV
4 .W.wm All € values correct — B1
3 3.
Relative spacing between
2 -6.98 energy levels correct — B1
Diagram must be fully
labelled with n and E
values — B1
1 : -27.9
(i) Using AE = E, — (—27.9) =279 — N'.No_ where AE represents the remaining
energy of the colliding electron.
n AE/ eV
152 20.92
153 24.80
154 26.16
156 26.78

(iv)

) ()

(i

7 (a)

Calculation of AEfor1 >4 and1 -5
Electron does not have enough energy to excite ton =5

Hence highest energy level reachis n = 4

Using

Shortest wavelength
hc _ 6.63x10™ x3.00x10°

A= = =
AE, 26.16x1.60x10

431

=47.5 nm

Maximum energy of electron is equal to energy of photon with shortest
wavelength.
E hc

= (o]
mex = {c1]

Accelerating potential

V= he _ 6.63x107* x3.00x10°
oA, 160x107™x2.00x107"
=6220V

Note: Amn must be read to % small square, otherwise minus 1 mark

-Bombarding high energy electrons knock out the inner shell electrons of
the target atoms. Hence, electrons transit from higher orbital shells to the
vacant inner shells

-These transitions result in the emission of (X-ray) photons whose energies

are given by the difference in the energy levels = 3% resulting in sharp

peaks at specific wavelengths of 4.00 x 10"° m, 6.60 x 10-'° m and 9.95 x
10" m.

(i) 1 ByNewton’s 3 law, the rocket exerts a force on the gases so the gases

exert an equal and opposite force on the rocket.
By Newton's 2™ taw, this (net) force on the rocket will cause it to
accelerate.

2 Total momentum of rocket and gas as a system remains constant since

there is no (net) external force acting on it.

M1

Al

C1
A1

C1

A1

B1

B1

B1
B1

B1

B1
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(b)
(iv)
2.

(b)
()
3.

t=3.17 x10° years

Any two from:

« Allows the mean to be calculated

» Some daughter product may have left the sample

« (Use of three series) allows identification of anomalous results/series
- Spread of results indicates uncertainty

M1

C1

Al

B1
B1
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Suggested mark scheme for Question 3

No

Marking Instructions

Mark

Score

1(a)(i)

F measured to 1 d.p. with unit. Evidence of repeated measurement.

(@)

Correct explanation of the difficulty in the measurement.

-reaches maximum force too suddenly or within a short time before reading
can be taken/There is no notice of when the magnet is released before
reading is taken.

(a)

Correct calculation of percentage uncertainty expressed in 1 or 2 s.f. and
uncertainty in Fis 0.2N-0.6 N

(b))

Zero error in 2 or 3 dp in mm & repeat measurement of ¢ (range of t is
within 10%). f recorded to 2 dp in mm or 3 dp in cm.

(b))

Correct explanation of method to make measurement accurate.
- Account for zero error; take repeated measurement in different
positions/places of slides and find average.

F measured to 1 d.p. with unit. Evidence of repeated measurement.

Collected 4 sets of data (t and F) with correct trend. Award 0 mark if
assistance was rendered, or collected less than 4 sets of data.

Each column heading must contain an appropriate quantity and unit
Consistency in no. of dp for { and F, correct s.f. for 1/t

{c)ii)

Appropriate scales — awkward scales (e.g. 3:10) are not allowed and scales
must be chosen so that the plotted points occupy at least half the graph grid
in both x and y directions. Correct labelling of axes with correct units

All observations plotted to an accuracy of half a small square

Line of best fit — with a fair scatter of points on either side of the line

conclusion with the correct trend

Total

11

Suggested Mark Scheme for Q4

Score

Mark

Marking Instructions

Al

Design (2 marks)

labelled diagram of workable experiment including:

« tube supported

« (loud)speaker positioned in line with the tube

» signal generator connected to (foud)speaker

labelled microphone, positioned outside tube in line with tube, connected to
labelled oscilloscope or correct circuit symbot

if setup is unworkable- A1 and A2 = 0 mark

B1
B2

B3
B4

BS

Procedure (5 marks)

-Use vernier calipers to measure d and Use half metre rule/metre rule to measure L.
-Expt A: Method to vary L while keeping d constant to obtain 6 sets of data.

Expt B: Method to vary d while keeping L constant to obtain & sets of data.

-Method to vary and measure f. Eg. increase frequency of signal generator until first
maximum amplitude detected by microphone

-Method to determine period T from oscilloscope, e.g. no. of di
findf=1/T.

-Control of variables:

Method to keep d constant (Expt A), Method to keep L constant (Expt B) and either
Method to keep distance of speaker & microphone from each end of tube constant,-
Method to keep temperature of surroundings constant

ions x time-base,

c1

c2

c3

Analysis (3 marks)
Expt A: vary L, constant d
Plot graph of Ig w against Ig L:

-Relationship is valid if a straight line is produced.
-Gradient = m, y-intercept = Ig (kd") -1g v

Expt B: vary d, constant L
1
f

-Relationship is valid if a straight line is produced.
-Gradient = n, y-intercept = Ig (kL™) -1g v

Plot graph of Ig againstlg o

-Determine k and v from y-intercepts of both graphs.

Safety consideration (1 mark)
wear ear defenders to prevent damage to hearing/to avoid loud sounds or
use a low volume to prevent damage to hearing/to avoid loud sounds

D1

Detait (1 mark)

-method to determine fat maximum amplitude, e.g. increase frequency fo £, then
continue increasing frequency, and then decrease frequency until value of f
determined.

-repeat measurements of d and average in different directions/positions or along the
tube to minimize random error

-perform experiment in a quiet room

-Do a preliminary experiment to find a suitable range of L or d to have an
observable/measurable waveform on the CRO.

-other good physics suggestions

12
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Suggested Solution to Question 2

2 | (b) (i)

9 =56°

(b) (i

Percentage uncertainty
= 5/56 x 100%
=8.9%

{b) iii)

cos (8/2)=0.88

(c) (i)

T1 = ¥%(16.2/20+16.1/20)
=0.808s

(d) (i)

T, = ¥.(11.6/12+9.8/9)
=1.03s

() (i)

0 =37°

T+ = ¥%(12.5/15+16.6/20)
=0.832s
T, = 14(14.5/16+14.5/16)
= 0.906s

Second value of T1 > first value of Ty and Second value of T < first value of To.

When 0 = 56°

k = (0.808/1.03 cos 28°) = 0.888
When 8=37°

k = (0.832/0.906 cos 18.5°) = 0.968

% difference in k = (0.968-0.888)/0.888 x 100%
=9%
Since % difference is larger than % uncertainty calculated in (bii), results do not

support the relationship.

Suggested Solution to Question 3

3(a))

F1=70N,F2=68N,<F>=869N

(a)(ii)

It reaches maximum force too suddenly or within a short time before reading can be
taken / Maximum force reading is present for only a very short time.

(a)(iii .
) %uncertainty= w\nhxaooe\o = M.M.ﬁoo.%o =2.9%
(b}{i) | zero error = 0.00 mm
t=1%(4.34 + 4.38) = 4.36 mm
(b)(i)) | Account for zero error; take repeated measurement in different positions/places of
slides and find average.
(b) F1=24N,F;=26N,<F>=25N

(©)0i)

No. of t/mm Maximum force/ 1/t / mm™
slides N
Fi | F2 | <F>
4 4.36 21 (231 22 0.229
3 3.27 26 |24} 25 0.306
2 218 31 (29| 30 0.459
1 1.09 46 |42 | 44 0.917

{e)i))

Plot a graph of F against 1/t

n\ N

.‘.. ] P
. 03 owp 0¢ 03 \mQ \;n\EB

Since a straight line graph is obtained, it shows that F is linearly related to 1/
From graph, gradient = p and y-intercept = g
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