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840 APPENDIX A. ANSWERS

82.9702_wl6_MS 43 Q: 2

(@) () p=T or pVIiT=constant or pV=nRT C1
T(=5x300 =) 1500 K A1 [2]
(ii) pV=nRT
1.0x10°x4.0x 10 =nx 8.31 x 300
gf’0x105x4.0x10_4=nx8.31><1500 C1
n=0.016 mol Al [2]
(b) (i) 1. heating/thermal energy supplied B1
2. work done on/to system B1 [2]
(i) 1. 240J A1
2. same value as given in 1. (= 240J) and zero given for 3. A1l
3. zero Al [3]

83.9702_m21_MS 42 Q: 4

Answer Marks
(@) acceleration and displacement are in opposite directions B1
(b)(i) F =kx M1
=8.0%(0.060 —0.048) or 8.0%(0.060+0.048)
or 8.0x0.012 or 8.0x0.108
IF =(8.0%0.012)-(8.0x0.108) =0.77N A1
or
IF =0.864 -0.096=0.77TN
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Answer Marks
b)(ii A1
(OO %
_o7
0.25
=3.1ms~
(b)(iii) |a=- arx c1
0 =
0.048
®=8.04
T=2nlw c1
T=2n/8.04 A1
=0.78s
(b)(iv) (resultant) force halved and distance halved B1
same T B1
84.9702 s21 MS 43 Q: 3
Answer Marks
(a) acceleration (directly) proportional to displacement B1
acceleration is in opposite direction to displacement B1
(b) a? =2k/m and @=2nf C1
(2mf? = (2 x 130)/0.84 c1
f=28Hz A1
(c)(i) resonance B1
(c)(ii) oscillator supplies energy (continuously) B1
energy of trolley constant so energy must be dissipated B1
\('\)/'i-thout loss of energy the amplitude would continuously increase
85. 9702 s20 MS 41 Q: 3
Answer Marks
(a)(i) amplitude =4.9cm A1
(a)(ii) frequency = 2700/60 A1
=45Hz
(a)(iii) | vo=xo@w and @ = 2nf c1
Vo =4.9x102x2n x 45 A1
=14 ms!
(@)iv) | v = o(a?-x2)* c1
=2nx 45 % [(4.9 x 1072 — (2.6 x 102)7]*
=12ms-! A1
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842 APPENDIX A. ANSWERS
Answer Marks
(b) F=ma c1
and
ag = Vo or ap = xgi?
F =0.64 x13.9x2nx 45 or 0.64 x 4.9 x (2r x 45) c1
=2500N A1
86.9702_s20 MS_43 Q: 3
Answer Marks
(a)(i) amplitude =4.9cm A1
(a)(ii) | frequency =2700/60 A1
=45Hz
(a)(iii) | vo =xow and @ =2nf Cc1
Vo =4.9x102x 2r x 45 A1
=14ms'
(@)iv) |v =o(x?-x2)* c1
= 2mx 45 % [(4.9 x 1072y — (2.6 x 1072)%]*
=12ms™ A1
Answer Marks
(b) F=ma c1
and
ap = Vp@ or ap = Xoa?
F =064 x139x2nx45 or 0.64 x 4.9 x (21 x 45)? c1
=2500N A1
87.9702_ml19 MS 42 Q: 3
Answer Marks
(@)(i) mention of upthrust and weight B1
(a)ii) upthrust is greater than the weight B1
(resultant force is) upwards B1
(b) A, p, g and M are constant B1
either acceleration « — displacement B1
or acceleration « displacement and (— sign indicates) a and x in opposite directions
(e)(i) either @=2n/Torw=2nfand f=1/T c1
o =21/13 A1
=48rads™!
(e)(ii) o? =Apg/m c1
483?2=(45x10"x px 9.81)/0.17 c1
£ =900kgm A1
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Answer Marks
@)i) distance from a (reference) point in a given direction B1
(a)(ii) line is not straight or gradient is not constant B1
(b)(i) 0.85-0.90 cm A1
(b)(ii) a= —(2nf)x c1
e.g. 1.2=4n2x f2x (0.90 x 10-2) c1
f=1.8Hz A1
(c) complete circle/ellipse enclosing the origin B1
closed shape passing through (0, +w) and (£xp, 0) B1
89. 9702 w19 MS 43 Q: 4
Answer Marks |
(a)i) distance from a (reference) point in a given direction B1
(a)(ii) line is not straight or gradient is not constant B1
(b)(i) 0.85-0.90 cm A1
(b)(ii) = —(2nfyx c1
e.g. 1.2=4n2xf2x (0.90 x 10-2) c1
f=1.8Hz A1
(c) complete circle/ellipse enclosing the origin B1
closed shape passing through (0, *vg) and (£xo, 0) B1
90. 9702_s18_MS_41 Q: 2
Answer Marks
(@) straight line through origin indicates acceleration « displacement B1
negative gradient shows acceleration and displacement are in opposite directions B1
(@)i) | a=-cfy and w=2nf c1
4.5= (21 x fy’ x8.0x 107 (or other valid read-off)
f=3.8Hz A1
(b)(i) maximum displacement upwards/above rest/above the equilibrium position B1
(b)(ii) (just leaves plate when) acceleration =9.81 ms™ Cc1
9.81=(2mx3.8°xy c1
or
9.81=563x yp
amplitude =17 mm A1
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91.9702_s18_MS_43 Q: 2

APPENDIX A. ANSWERS

Answer Marks
(@)() straight line through origin indicates acceleration o displacement B1
negative gradient shows acceleration and displacement are in opposite directions B1
(a)(ii) =—ofy and ®=2nf c1
4.5=(2m x f)2 x8.0x107? (or other valid read-off)
f=3.8Hz A1
(b)(i) maximum displacement upwards/above rest/above the equilibrium position B1
(b)(ii) (just leaves plate when) acceleration =9.81 ms™ Cc1
9.81=(21x3.81x yo c1
or
9.81=563 x y;,
amplitude =17 mm A1
92. 9702_w18 MS 41 Q:2
Answer Marks
(a) sum of potential and kinetic energies (of molecules/atoms/particles) B1
(energy of) molecules/atoms/particles in random motion B1
(b)(i) final temperature = initial temperature B1
no change in internal energy B1
(b)(ii) 1. work done on gas (P—Q): 0 A1
increase in internal energy (P—Q): (+)97.0J A1
2. increase in internal energy (Q—>R): —42.5J A1l
3. increase in internal energy (R—P): —-54.5J A1
thermal energy supplied (R—P): -91.5J A1l
93.9702_wl7_MS_41 Q:2
Answer Marks
(@) (angular frequency =) 2r x frequency or 2n/period B1
(b)(i) 1. displacement = 2.0 cm A1
2. amplitude =1.5em A1
(b)ii) reference to displacement of oscillations or displacement from equilibrium position or displacement from 2.0 cm B1
straight line indicates acceleration o« displacement B1
negative gradient shows acceleration and displacement are in opposite directions B1
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Answer Marks
(b)(ii) | & =(-)1/gradient or @ =(-)Aa/As or a = (-)a’x and correct value of x c1
=e.g. (1.8/0.03) or (0.9/0.015) or (1.2/0.02) etc. or 0.9 = &/ x 0.015 c

=60
f =~lB0/2x A1

=1.2Hz
94. 9702_w17_MS_42 Q: 3
Answer Marks
(a)i) angle (subtended) where arc (length) is equal to radius M1
(angle subtended) at the centre of a circle A1
(a)(ii) angular frequency = 2n x frequency or 2n / period B1
(b)(i) ¢/ML* is a constant so acceleration is proportional to displacement B1
minus sign shows that acceleration and displacement are in opposite directions B1
(b)(ii) | c/ML3 = (2rf)? c1
c =4m?x3.22x0.24 x 0.65 c1
=27 kgm’s™ A1
95. 9702_w17_MS_ 43 Q: 2

Answer . Marks
(a) (angular frequency =) 2r x frequency or 2x/period B1
(b)(i) 1. displacement =2.0cm A1
2. amplitude =1.5em A1
(b)(ii) reference to displacement of oscillations or displacement from equilibrium position or displacement from 2.0 cm B1
straight line indicates acceleration « displacement B1
negative gradient shows acceleration and displacement are in opposite directions B1



https://stemup.co.uk

846 APPENDIX A. ANSWERS

Answer Marks
(b)(iii) | @ =(-)1/gradient or & = (-)Aa/As or a = (-)&’x and correct value of x c1
=eg.(1.8/0.03)or (0.9/0.015) or (1.2/0.02) etc. or 0.9 = o x 0.015 c1
=60
f =60/2n A1
=12Hz
96. 9702 w16 _MS 41 Q:3
(a) 2kim= o M1
w=2nf M1
(2 x 64/0.810) = (21 x f)* leading to f= 2.0 Hz Al [3]
(b) vo=awx, or Vvo=2nfx
or
v=alx?—x3)"and x=0 C1
Vo =2nx20x16x107
=0.20ms™ Al [2]
(c) frequency: reduced/decreased B1
maximum speed: reduced/decreased B1 [2]
97. 9702 w16 _MS 42 Q: 4
(a) (i) 0.225s and 0.525s A1 [1]
(ii) periodor T=0.30s and w=2n/T C1
w=21/0.30
o=21rads™ Al [2]
(iii) speed = axp or a(xg®—x?)"?and x=0 C1

=209x20x10%=042ms™ Al [2]
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or

use of tangent method:

847

correct tangent shown on Fig. 4.2 (C1)
working e.g. Ay/Ax leading to maximum speed in range (0.38-0.46)ms™’ (A1)
(b) sketch: reasonably shaped continucus oval/circle surrounding (0,0) B1
curve passes through (0, 0.42) and (0, -0.42) B1
curve passes through (2.0, 0) and (2.0, 0) B1 [3]
98. 9702 w16 _MS 43 Q: 3
(@) 2kim= o M1
w = 2nf M1
(2 x 64/0.810) = (21 x f)* leading to f= 2.0 Hz Al [3]
(b) vo=awxy or vo=2ufx
or
v=a(x?—x%)"?and x=0 C1
Vg =21 x 2.0 x 1.6 x 1072
=0.20ms™ Al [2]
(c) frequency: reduced/decreased B1
maximum speed: reduced/decreased B1 [2]
99.9702_w21_MS 42 Q: 4
Answer Marks
@) straight line through the origin B1
negative gradient B1
(b) a=(-)a*x and_T=2n/w c1
eg. @ =+(0.80/0.12) (any correct pair of values of a and x) c1
(=2.58rads™)
T =2n/258 A1
=24s
(e)(i) Point labelled P at one end of the line B1
(c)(ii) Point labelled Q at displacement with magnitude more than half but less than maximum B1
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100. 9702_s19 MS_42 Q: 3

APPENDIX A. ANSWERS

Answer Marks

(a)(i) 0.10s or 0.30s or 0.50s or 0.70s or 0.90s A1

(a)(ii) 0 or 0.40s or 0.80s A1

(b)(i) o =2nlT c1
=2n/0.40 A1
=16rads™’

b)ii) |w =wx c1
=157 x 2.5 x 1072 A1
=0.39ms™!

or
tangent drawn at steepest part and working to show attempted calculation of gradient (C1)
leading to vp = 0.39ms™! (allow £ 0.15 m s~7) (A1)

(b)(iii)) |a = oo c1

ap =(15.72 x 2.5 x 102) A1
=6.2ms>?
or
a = v (C1)
ap =15.7x0.39 (A1)
=6.2ms>
Answer Marks
(c) period is shorter/lower B1
Any one from: B1
« greater spring constant/stiffness
e (restoring) force is greater (for any given extension)
* acceleration is greater (for any given extension)
* greater energy/maximum speed (for a given amplitude)
101. 9702_m17 MS 42 Q:3
Answer Marks
(a) m is constant or k/m is constant and so acceleration/a proportional to displacement/x B1
negative sign shows that acceleration/a is in opposite direction to displacement/x B1
z;gative sign shows acceleration/a is towards fixed point
(b) evidence of comparison to expression to a = — X B1
o =kmor & = 4.0/mhence o= 2.0"Nm A1
(c) Ex =Y%malx® or Ex=Ymv2?and v= ax c1
=%m (4.0/m) (3.0 x 10722 c1
=18x107J A1
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Answer Marks
(d) new xo= \J[(1.8x107 /2)x(2/ mx (m / 4.0))] ¢
or
(Ex = X¢° s0) new Xg = y[¥2x(3.0x1072)]
=212x107m A1
(e) flux linked to block changes/flux is cut by block which induces an e.m.f. in block B1
(eddy) currents induced in block cause heating B1
thermal/heat energy comes from (kinetic/potential) energy of oscillations/block B1
102. 9702_ml16_ MS 42 Q: 4
(a) amplitude =1.8cm and period =0.30s Al [1]
(b) Ex="m &®(x*—x*) or Ex=¥mv? and v =+ o V(x— X°) C1
=1 % 0.080 x (27/0.30)? x [(1.8 x 10722 — (1.2 x 1072)? C1
=3.2x 107 A1 [3]
103. 9702_s21_MS 41 Q:3
Answer Marks
(a) acceleration (directly) proportional to displacement B1
acceleration is in opposite direction to displacement B1
(b) @ =2kim and @=2nf c1
(2nfy* = (2 x 130)/0.84 c1
f=2.8Hz A1
(e)(i) resonance B1
(c)(ii) | oscillator supplies energy (continuously) B1
energy of trolley constant so energy must be dissipated B1
\('\)/?thout loss of energy the amplitude would continuously increase
104. 9702_s21 _MS 42 Q:3
Answer Marks
(a) acceleration in opposite direction to displacement shown by — sign B1
g/ L is constant M1
(so) acceleration is (directly) proportional to displacement A1
(b) a=glL c1
o=2n/T c1
or
w=2nf and f=1/T
(2n/TP¥=9.81/0.18 A1
T=0.85s
(c) | energy = x? c1
(after 3 cycles,) amplitude = (0.94)%x Cc1
=0.83x0
ratio final energy / initial energy = 0.832 A1
=0.69
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105. 9702_w21_MS_41 Q: 4

APPENDIX A. ANSWERS

Answer Marks

(a)i) |[5.0cm A1

(@)ii) |w=2n/T c1

or

w=2nf and_f=1/T

o =2n/4.0 A1
=16rads’

(a)(iii) Vo = @WXp c1
=157x5.0 A1l
=79cms™

(b) « initial pull was to the right B3
+ distance from X to trolley (at equilibrium) is 20 cm
e periodis4.0s
« jnitial motion undamped
* motion becomes damped at/from 12 s
e damping is light
¢ maximum speed at 1s, 3s, etc./stationary at 2s, 4s, etc.
Any three points, 1 mark each
(c) sketch: closed loop encircling (20, 0) B1
minimum L shown as 15 ¢cm and maximum L shown as 25c¢m B1
minimum v shown as -7.9 cms~' and maximum v shown as +7.9cms™ B1
106. 9702 _w21_MS_43 Q: 4
Answer Marks
(a)i) |[5.0cm A1l
(@)i) |w=2rn/T c1
or
w=2nf and_f=1/T
w=2n/4.0 A1
=1.6rads’

(a)iii) Vo = X Cc1
=1.57x5.0 Al
=79cms™!

(b) * initial pull was to the right B3
+ distance from X to trolley (at equilibrium) is 20 cm
s periodis4.0s
* initial motion undamped
* motion becomes damped at/from 12 s
e damping is light
¢ maximum speed at 1s, 3s, etc./stationary at 2s, 45, etc.
Any three points, 1 mark each

(c) sketch: closed loop encircling (20, 0) B1
minimum L shown as 15 cm and maximum L shown as 25 cm B1
minimum v shown as —7.9 cm s~! and maximum v shown as +7.9cms™ B1
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107. 9702_s20 MS_42 Q: 4
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Answer Marks

(a) (w=2n/Tand T=2.2ss0) A1
@w=2n/22=29rads™’

(b)) |e?=g/R c1
R =9.81/2.862 A1
=12m
(b)(ii) | vo=ax c1
=29x3.0x1072 A1l
=0.087 ms-!

(c) smooth wave starting at 3.0cm when t =0 B1
positions of peaks and troughs show same period (or slightly longer) B1
each peak and trough at lower amplitude than the previous one B1

108. 9702_s19 MS_ 41 Q: 3
Answer Marks
(a)(i) amplitude =0.020 m A1
(a)(ii) T =0.60s c1
f=1/T A1
=1.7Hz

(a)ii) |a =(-)o’x and [@=2nf or @=21/T] c1
a =(4n2/0.60%) x 2.0 x 1072 A1

=22ms?

(b) 1.67 = (1/2n) x [(24 x 104 x px 9.81)/0.23]'2 c1
p=1.1x103kg m= A1

(c) wave starting with a peak at (0,6) B1
wave with same period (or slightly greater) B1
peak height decreasing successively B1
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109. 9702_s19 MS_43 Q: 3

APPENDIX A. ANSWERS

Answer Marks

(a)(i) amplitude = 0.020 m A1

(a)(ii) T=0.60s c1
f=1/T A1

=1.7Hz

(@)ii) |a =(-)a’x and [@=2nf or @=2n/T] c1
a =(4n2/0.60%) x 2.0 x 102 A1

=22ms>?

(b) 1.67 = (1/27n) x [(24 x 10* x px 9.81)/0.23]'2 c1
p=1.1x103kgm3 A1

(c) wave starting with a peak at (0,6) B1
wave with same period (or slightly greater) B1
peak height decreasing successively B1

110. 9702_w19_MS_42 Q: 4
Answer Marks

(a)i) loss of energy B1

(a)(ii) amplitude (of oscillations) decreases (with time) B1

(b)(i) w=2n/T c1
T =0.80s, so @=2n/0.80 A1
»=79rads™’

(b)(ii) @ =2kiM Cc1
7.92=2k/12 A1
k=37Nm™

(c)(i) (one) smooth curve, not touching the f-axis, with two concave sides meeting at a peak in between them B1
(one) peak at 1.0 B1

(€)ii) | e lower peak/(whole) line is lower B2
o flatter peak/peak is less sharp
» peak at (slightly) lower angular frequency/peak moves to left
any two points, one mark each

111. 9702_m18 MS 42 Q: 4
Answer Marks

(@) frequency at which body will vibrate when there is no (resultant external) resistive force acting on it B1
fcr);uency at which body will vibrate when there is no driving force / external force acting on it

(b)(i) resonance B1

(b)(ii) peak is not sharp / peak not infinite height M1
so damped A1

(c) e.g. (quartz crystal) to produce ultrasound B1

(quartz crystal) in watch to keep timing
NMR/MRI

microwave ovens

tuning circuits
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Answer Marks
(a) acceleration proportional to displacement B1
acceleration directed towards fixed point B1
girsplacement and acceleration in opposite directions
(b)(i) 1. amplitude decreases gradually so light damping B1
2;cillations continue so light damping
2. loss of energy B1
due to friction in wheels B1
gl.rje to friction between wheels and surface (during slipping)
gll;e to air resistance (on trolley)
(b)iiy1. | & =2kim c1
= (2 x230)/0.950 c1
@ =22rads™ A1
b)i2. |T =2n/w c1
T =(2n/22)=0.286s A1
time =1.5T
=043s
113.9702_w18 MS 41 Q: 3
Answer Marks
@ |&=2g/L c1
T=2nlo c1
of =(2x9.81)/019 A1
o =102(rads™)
T =2r/10.2
=0.62s
(b)(i) e.g. viscosity of liquid/friction within the liquid/viscous drag/friction between walls of tube and liquid B1
(b)(ii) (maximum) KE = ¥smvy? and vy = wxy c1
:rrlergy = Yemearxs
change =7 x 18 x 107 x 103 x [(2.0 x 1072)? — (0.95 x107)]] c1
=29x10%J A1
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114. 9702_w18 MS_42 Q: 4

APPENDIX A. ANSWERS

Answer Marks
4(a) (defining equation of s.h.m. is) a = —kx where k is a constant or a«< —x B1
g and L are constant (so a « —x and hence s.h.m.) B1
(b) T=0.50s and T=2n/w c1
& =2glL c1
L =(2x9.81 x 0.50%)/4r° A1
=0.12m
(e)i) Any one from: B1
e viscosity of liquid
* friction within the liquid
e viscous drag
« friction/resistance between walls of tube and liquid
(c)(ii) (maximum) KE = mve? and vy = @Xp c1
(e’;ergy = vomafxg®
ratio = (1.3/2.0)* A1
=042
115. 9702_w18 MS_43 Q: 3
Answer Marks
@) o =2g/L c1
T=2nlew c1
of =(2x9.81)/0.19 A1
@ =102(rads™)
T =2rn/10.2
=0.62s
(b)(i) e.g. viscosity of liquid/friction within the liquid/viscous drag/friction between walls of tube and liquid B1
(b)(ii) (maximum) KE = %mvy? and vy = axg Cc1
::lergy = Ysmarxg®
change =% x 18 x 107 x 103 x [(2.0 x 1072)? - (0.95 x1072)] c1
=29x10"J A1
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Answer Marks
(a) e.g. period=3/25 c1
frequency = 0.83 Hz A1
(b) light (damping) B1
(c) at2.7s, Ap=1.5(cm) B1
energy =% m x 4n’f2Ag? B1
=%x0.18 x 4% x 0.83% x (1.5 x 107%)? c1
=551 x 10*(J)
at7.5s, Ap = 0.75 (cm) B1
energy = % x 5.51 x 107 c1
:rruergy =% x 0.18 x 4n” x 0.83? x (0.75 x 1072)
energy = 1.38 x 107 (J) A1
change = (551 x 10% - 138 x 10%)=4.13 J
117. 9702_s17_MS_43 Q: 2
Answer Marks
(a) e.g. period =3/25 c1
frequency = 0.83 Hz A1
(b) light (damping) B1
(c) at2.7s, Ap=1.5(cm) B1
energy =% m x 4n’f2A° B1
=1 x 0.18 x 41 x 0.832 x (1.5 x 1072)? c1
=551x10%Q)
at7.5s, Ap=0.75 (cm) B1
energy = Y x 551 x 107 c1
or
energy = ¥ x 0.18 x 4% x 0.83% x (0.75 x 1072)?
energy = 1.38 x 107 (J) A1
change = (5.51 x 10* - 1.38 x 10%)=4.13 J
118.9702_s21 _MS_41 Q: 4
Answer Marks
(ultrasound) pulse B1
reflected at boundaries B1
gel is used to minimise reflection at skin B1
g::nerated and detected by quartz crystal
time delay between generation and detection gives information about depth B1
intensity (of reflected wave) gives information about nature of boundary B1
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QL.

3 (a)

(b)

(€)

Q2.

(b)

(c)

Q3.

4 (a)

(b)

(c)

f; is at natural frequency of spring (system) ...

this is at the driver frequency ...

(allow 1 mark for recognition that th|s |s resnnanne}

line: amplitude less at all frequUenCies ...

peak flatter ..
peak at f;or shghﬂy b-elow f,;.

(aluminium) sheet cuts the magnetic luxfeld. ... ...
(s0) currents/e.m f. induced in the tmetal} sheel ...

these currents dissipate energy ..

less energy available for the osmllahons ...................................

so amplitude smaller . -
(‘current opposes motu:-n nr sheet sCones nneuf the Iasttwn
marks)
e.g. amplitude is not constant or wave is damped B1
do not allow 'displacement constant’
should be (-)cos, (not sin) B1
T=060s C1
@ =27/T=10.5rad s (allow 10.4 — 10.6) A1
same period B1
displacement always less M1
amplitude reducmg approprlalely A1l
for 2 and 3 marks, ignore the first quarter period
Total
acceleration proportional to displacement (from a fixed point) M1
oras=s- w’x with a, @ and x explained
and directed towards a fixed point A1
or negative sign explained
for s.h.m., a = (-)e&’x B1
identifies ” as Apg/M and therefore s.h.m. (may be implied) B1
2nf=w B1
hence f= — \"ﬂ A0
21 M
(i) T=060sorf=1.7Hz C1
0.60 = (2mVM)/(r = {1.2 x 10°%)* x 950 x 9.81) c1
M =0.0384 kg A1
(ii) decreasing peak height/amplitude B1

STEMUP.CO.UK

[2]

(3]

[4]

[2]

[2]

[3]
[7]

[2]

[3]

[3]
(1]
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Q4.

4 (a) (i) 1.0

(i) 40 Hz

(b) (i) speed = 2nfa

=271 x40 x 42 % 107
=106 ms’

(ii) acceleration = 47°f a

= (80m)% x 42 x 1073
= 2650 ms?

(c) (i) S marked correctly (on ‘horizontal line through centre of wheel)

(ii) A marked correctly (on ‘vertical line’ through centre of wheel)

Q5.

7 (a) (i)

(i)

oscillations are damped/amplitude decreases

as magnet moves, flux is cut by coil
e.m.f./current is induced in the coil

causing energy loss in load OR force on magnet
energy is derived from oscillations of magnet
OR force opposes motion of magnet

T=060s
@ (=2n/T)=10.5rad ™'

(b) sketch: sinusoidal wave with period unchanged or slightly smaller
same initial displacement, less damping

(c) (i)

(ii)
(i)

Q6.

sketch: general shape — peaked curve
peak at #n and amplitude never zero

resonance
useful: e.g. child on swing, microwave oven heating

avoid: e.g. vibrating panels, vibrating bridges
(for credit, stated example must be put in context)
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C1
Al

M1
Al

M1

Al

B1

B1
B1

B1

B1

C1

Al

C1

Al

B1

B1

[5]

(2]

[2]

2]
(1]

[2]

(1]
(]

[2]

[2]

[2]
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3 (a) (i)
(ii)

(b) (i)

(ii)

(c) (i)

(il

Q7.

3 (@ ()
(i)

(iii)

amplitude = 0.5cm

period = 0.8 s

2x/T
7.85rads™
comrect use of v = @ V(x2 — x?)

= 7.85 x V({0.5 x 1072 - {0.2 x 107%)%)

)

= 36cms’
(if tangent drawn or clearly implied  (B1)
36+03cms’ (A2)

but allow 1 mark for = 0.3 but = #20.6 cm s")

d = 158cm

(continuous) loss of energy / reduction in

amplitude (from the oscillating system)

caused by force acting in opposite direction to the motion / friction /
viscous forces

same period / small increase in period
line displacement always less than that on Fig.3.2 (ignore first T/4)

peak progressively smaller

to-and-fro / backward and forward motion (between two limits)

no energy loss or gain / no external force acting / constant energy / constant amplitude

acceleration directed towards a fixed point

acceleration proportional to distance from the fixed point / displacement

(b) acceleration is constant (magnitude)
50 cannot be s.h.m.

Q8.
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A1 [1]
A1 [1]
c1
B1
A1 3]
Al [1]
B1
B1 [2]
B1
M1
A1l 3]

B1 [1]

B1 [1]

B1

B1 [2]

M1

Al [2]
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2

QO.

3

Q10.

Q11.

(a) (i)

(i)

(b) (i)

(i)

reduction in energy (of the oscillations)

reduction in amplitude / energy of oscillations

due to force (always) opposing motion / resistive forces
any two of the above, max 2

amplitude is decreasing (very) gradually / oscillations would
continue (for a long time) /many oscillations
light damping

frequency = 1/0.3
= 3.3Hz
allow points taken from time axis giving f= 3.45 Hz

“mv? and v = wa
% x 0.065 x (2r/0.3)* x (1.5 x 107%)?
32ml

energy

(c) amplitude reduces exponentially / does not decrease linearly
so will be not be 0.7 cm

(a) acceleration / force proportional to displacement from a fixed point
acceleration / force (always) directed towards that fixed point / in opposite

(b)

(a)

(b)

direction to displacement

(i) Apg/ mis aconstant and so acceleration proportional to x

negative sign shows acceleration towards a fixed point / in opposite

direction to displacement

(i) @?=(Apg/m)

-~

@ = 2nf
(2xmx15F=({4.5%10" % 1.0 x 10° x 9.81}/ m)
m=50g

(-)o’x and @ = 2n/T
0.60s

(4 x 2.0 x 107%) / (0.8)°
22ms™?

sinusoidal wave with all values positive
all values positive, all peaks at E; and energy =0 att=0
period = 0.30s
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M1

Al

B1
B1
C1
C1

C1
Al

C1

Al

B1
B1
B1

Al

C1
M1
A0

M1

(2

(2

(1

[2]

[2]

[2]

[2]

¥l

(3]

(3]
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2 (a) energy =Y:mafa® and @=2nf
=% x 37 x 107 x (21 x 3.5)" x (2.8 x 1072)
=7.0%1073
(allow 2r x 3.5 shown as 7mx)

Energy = % mv’ and v = re

Correct substitution
Energy = 7.0 x 107°J

(b) Ex=FE

P
Yamer (a8° — X°) = Yame*x® or Ex or Ep =3.5mJd
x=an2 = 2.8 2 or Ex = Yama® (a° — x°) or Ep = Vama'x*
=2.0cm

(Ex or Ep =7.0mJd scores 0/3)

Allow: k=179
E=Y%kx
x=2.0cm

(c) (i) graph: horizontal line, y-intercept = 7.0mJ with end-points of line at
+2.8cmand -2.8cm

(ii) graph: reasonable curve
with maximum at (0,7.0) end-points of line at (-2.8, 0)
and (+2.8, 0)

(iii) graph: inverted version of (ii)

with intersections at (2.0, 3.5) and (+2.0, 3.5)
(Allow marks in (iii), but not in (ii), if graphs K & P are not labelled)

(d) gravitational potential energy

Q12.
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Cc1
M1
A0

(C1)
(M1)
(A0)

C1
C1

(C1)
(C1)
(A1)

B1
B1
B1

M1
A1l

B1

[2]

(3]

(1]

[2]

[2]

(1]
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3 (a) (i) 1. amplitude=1.7cm

2. period =0.36cm
frequency = 1/0.36
= 2.8Hz

(i) a=(-)e’xand o= 2r/T
acceleration = (271/0.36)% x 1.7 x 1072
=52ms>

(b) graph: straight line, through origin, with negative gradient
from (—1.7 x 1072, 5.2) to (1.7 x 1072, =5.2)
(if scale not reasonable, do not allow second mark)

(c) either kinetic energy = Yama’ (X’ — x°)
or potential energy = Yema?x* and potential energy = kinetic energy
Vame'(xo— X°) = Va x Vamea'xy® or Ysma' X = Va x Vametxy®
2 -
X~ =
X=X V2=17/2
=1.2cm

Q13.
3 (a) () w=2x/T
=2n/0.69
=91rads™

(allow use of f= 1.5 Hz to give ®= 9.4 rad s7')

(ii) 1. x=2.1cos9.1
2.1 and 9.1 numerical values
use of cos

2. vp=21%x10%x%9.1 (allow ecf of value of x; from (ii)1.)

=0.19ms”
v = vy sin 9.1t (allow cos 9.1¢if sin used in (ii)1.)

(b) energy = either ¥ mvy® or ¥ mafx,*
= gither ¥4 x 0.078 x 0.19% or % x 0.078 x 9.1 x (2.1 x 107%)?
=14x107J

Q14.
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Al
C1
Al
C1

M1
AO

M1

Al

B1
C1

A1

C1
Al

B1
B1

B1

C1
A1

[l

[2]

[2]

[2]

B

[2]

[2]

[2]

[2]
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3 (a) (i) constantamplitude ......ccoiiiiiirr e
() perdod =0.953 ..{allowHZ38) ....c.iciinininaniiiiiina Cl
B ST im0 A A A S C1
= QTN VI TR o msssassrsscnnse K1
(iif) eitheruse of gradient OF v = @hp .ececeenicncnevnrnrnvnenerenennn. Cl
v =0168ms" e AL [6]
(allow +0.02 for construction: gradient drawn at wrong place 0/2)

(i) at Y4/, ‘pulse’ provided to mass on alternate/some oscillations ..... M1

so ‘pulses’ build up the amplitude .................ccvvvieiie. Al [3]

Q15.

2 (a) (i) a,mand x identified ......... (-1 each error or omission).................B2

(ii) (-)ve because a and x in opposite directions
OR a directed towards mean position/centre..........coccoooiiciiininnnen. B1 [3]

(b) (i) forces in springs are ke + x) and k(e — X) ..ccoovveeiviiieiicivciiinicnnn. C1
resultant = k(e + X) —K(@ = X) v M1

(i) FSmMa et ae e s e aannene BT
I 9 1 1 F S USSR PUTUURIEURRRTRY . 1§
(-)ve sign explained............... . B [2]

(2772 = (2 X 120)/0.90 ... oo
= 28 HZ oo A [3]

(c) atom held in position by attractive forces
atom oscillates,
not just two forces OR 3D not 1D
force not proportional to x
any two relevant points, 1each, max 2 ..........ccceeeiviciiiiniiiiinnne... B2 [2]

Q16.
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(b)
(c)

Q17.
4 (a)
(i)

(b)

(e)()
(i)

Q18.

(i) reasonable shape as ‘inverse’ of k.e. line

(i)  straight line, parallel to x-axis at 15 mJ

either (max) kinetic energy (= 2 mv?) = % mw a,®
15x10° =% x0.15x @?x (5.0 x 102y

o =8.9(4)rad s

or (ke.=%mv),v=044(7)ms"
@ = via = (0.447)(5.0 x 10%)
o =8.9(4)rad s

(i) either loss of energy (from the system) or amplitude decreases

or additional force acting (on the mass)

either continuous/gradual loss or force always opposing motion

(ii) either (now has 80% of its) p.e./ke.=12 mJ or loss in k.e. =3 mJ

new amplitude = 4.5 cm

@ S 2
= 2n x 1400
=8800rads™

ao (—)(02)(0

=6200 ms™

straight line through origin with negative gradient

(allow £ 0.1 cm)

= (8800)" x 0.080 x 107

end points of line correctly labelled ....................

zero displacement

v (1), { S

0.70ms™

3 (@) useofa=-w 2x clear
either @ = (2kim) or @° = (2kim)

@ =

2nf

f = (1/2 1)V(2 x 300)/0.240)
=7.95=8 Hz

(b} (1)
(i)

resonance

8Hz

(¢) (increase amount of) damping
without altering (k or) m ...(some indirect reference is acceptable)
sensible suggestion

Q19.

8800 = 0.080 x 107°
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C1
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C1

Al

M1
Al

B1
C1

A1l

c1
B1
C1

B1
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B1

B1

B1

B1

[2]

[3]

[2]

[2]

[2]

[2]
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M1
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B (8) M) DB O ciiviiiiiniiimiiniesion itiniinbe ki i b i e 0 it ¢ S e 86 i im0 ik a5 s S B1
(ii) (max.)kinetic energy = 2.56 MJ ..o G

V(MA}(] T N i il i e e G w im0 o i s i s i e i e i C1

(max.) kinetic energy = ¥ama@’a® or YmMa” (8% — X2) ecvrecmeieee s C1

2.56 x 10° =1%x 0.130 x & % (0.8 x 10?1 eeoeeeeeeeeeeee e M1

D DABEBE T oo it i et e enmsi it e mbibe i e sk C1

SADHZ (3.95 HZ) oo e a e A0

(b) (i) line parallel to x-axisat 2.56 mMJ ... e B

) T R X B1

2050 cm  (BHOW 20.03 €M) oo et e et B1

Q20.

3 (a) acceleration / force (directly) proportional to displacement
and either directed towards fixed point
or acceleration & displacement in opposite directions

(b) (i) maximum / minimum height /8 mm above cloth / 14 mm below cloth

(i) 1.a=11mm
2. w=2nf
=2nx 4.5
=28.3rads™ (donotallow 1 s.f)

© UCLES 2008

M1

Al

Al
C1

Al

(1]

(6]

(1

[2]

[2]

1]
1]

[2]
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(e) (i) v =aa C1
=283x11x107
=0.31ms™ (do not allow 1 s.f.) Al 2]

(i) v =e@l@-y)
y =3mm C1

=283 %107 (112 - 3% C1
=0.30ms™" (allow 1 s.f) Al [3]

Q21.

STEMUP.CO.UK
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4 (a) (i) amplitude = 0.2 MM s AT 1]

(i} PEROH S T2MMS  (iiiiiniiiciminmit nidiainin acknsi mebis siknsh Snmbas s sk shdnmbin s sk vh Snm bikim s b Snm binm smie c1
frequency = B30 Hz e e s Al [2]

(b) (i) anytwoofzero, 0.6 msand 1.2 mMs ... AT O[]

(i) anytwo of 0.3 ms, 0.9 MS, 1.EMS i e s e Al [1]

(c) either v = axy = 2nfxg
= 27x 830x0.2x10° =1.05ms"’

or slope of graph =1.0ms” ....(allow 20.1ms™) .. c1
Ex = Vzmv2
= % x25x% 107 x 1.05°
= Wl P U it it i b o o o i 3]

(d) (i) large / maximum amplitude of vibration ... B1
when impressed frequency equals natural frequency of vibration ................B1 [2]

(ii) e.g. metal panels on machinery vibrate / oscillate ... (M1)
motor in machine impresses frequency on panel (A?]
e.g. car suspension system vibrates / oscillates... crverre e eeee. (M)

going over bumps would give large amplltude wbrauons weressrsnsnssnssnnsanes(AT)
any feasible example, M1 + AT e [2])

[Total: 12]

Q22.

3 (a) straightline through origin ... e ieesee e B
negative Gradient e e e e e e B1 [2]

a=-o'xand o = 2nf
750 = (2nfY’ x 0.3 x 10°
= R i i i i i S e i e iy e o et i 3]

()

(c) straight line between(-0.3,+190) and (+0.3,-190) ............. LGAZ 2]
(allow 1 mark for end of line incorrect by one grid square or hne does nof exfend to
+/- 0.3 mm)

[Total: 7]

Q23.
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3 (a) (i)

resonance

(ii) amplitude 16mm and frequency 4.6 Hz

(b) (i) a =(-)e?x and o = 2nf

a =4n*x46%x16x107°
=13.4ms™

(i) F =ma

=150 x 107 x 13.4
=20N

(c) line always ‘below’ given line and never zero
peak is at 4.6 Hz (or slightly less) and flatter

Q24.

3 (a) (i)
(ii)

(iii)
(iv)

(b) (i)
(ii)

(iii)

Q25.

3 (a) (i)
(i)

(iii)

Q26.

8.0 cm

2nf =220
f=35 (condone unit)

line drawn mid-way between AB and CD

V= wa
=220%x4.0
=880cms”
1. line drawn 3 cm above AB (allow £2 mm)
2. arrow pointing upwards
1. line drawn 3 cm above AB (allow £2 mm)
2. arrow pointing downwards
v =@ —x)
=220 x \J{4.0° - 2.0%)
=760 cm s’

(incorrect value for x, /2 marks)

amplitude remains constant

amplitude decreases gradually
light damping

period = 0.80s
frequency = 1.25 Hz (period not 0.8 s, then 0/2)

STEMUP.CO.UK

(allow £2 mm)

B1
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C1
C1

Al
C1
Al

M1
A1l
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C1
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BT [1]
B1 [1]
B1 [1]
B1 []

C1
Al 2]

B1 [1]

M1
Al [2]

C1
Al [2]

(1
(1]
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(2]
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3 (a) acceleration proportional to displacement/distance from fixed point
and in opposite directions/directed towards fixed point

= Yimw*xs®and @ = 2nf
= %% 58x 107 x (2n x 4.5)° x (3.0 x 107°)*
=21x10°J

(b) energy

(c) (i) at maximum displacement
above rest position

(ii) acceleration =(—)zuzxu and acceleration = 981 org
9.81 = (2r x 4.5 x x,
X, = 1.2x10%m

Q27.

4 (a) straightline through origin
shows acceleration proportional to displacement
negative gradient
shows acceleration and displacement in opposite directions

© Cambridge International Examinations 2012

M1

C1
C1
Al

M1

C1

Al

(2

[3]

(2

(2

[4]
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(b) (i) 2.8cm Al [1]
(i) either gradient = of and @ = 2xfor a = —w’x and @ = 2nf C1
gradient = 13.5/(2.8 x 107%) =482
w=22rad s c1
frequency = (22/2r =) 3.5Hz Al [3]
(c) e.g.lower spring may not be extended
e.g. upper spring may exceed limit of proportionality / elastic limit
(any sensible suggestion) B1 [1]

Q28.
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2 (a) (i) 1. 0.1s,0.3s, 0.5s, etc (any two)

2. either0,0.4s, 0.8s, 1.2s
or
0.2s,0.6s, 1.0s (any two)

(i) period=0.4s
frequency = (1/0.4 =) 2.5Hz

(iii) phase difference =90° or ¥ n rad
(b) frequency=24-2.5Hz

(e} e.g. attach sheet of card to trolley
increases damping / frictional force
e.g. reduce oscillator amplitude
reduces power/energy input to system

Q29.

3 (a) (i) anytwo from 0.3(0)s, 0.9(0) s, 1.50 s (allow 2.1 s etc.)

(ii) either v=wmxand o =2r/T
v=(2r/1.2) x 1.5 x 1072
=0.079 ms™
or gradient drawn clearly at a cormrect position
working clear
to give (0.08 +0.01) ms™

© Cambridge International Examinations 2013

Al ]
Al ]
c1
Al 2]
B1 [1]
B1 [1]
M1
A1
(M1)
A1) [2]

B1 1

c1

M1

AD 2]

(C1)

(M1)

(AD)
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(b) (i) sketch: curve from (£1.5, 0) passing through (0, 25) M1
reasonable shape (curved with both intersections between
y=12.0-13.0) Al [2]
(ii) at max. amplitude potential energy is total energy B1
total energy = 4.0 mJ B1 [2]

Q30.
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Q31.

4

Q32.

1

(a) kinetic (energy YKE/Ex

(b) either change in energy = 0.60 mJ

(a)

(b)

(c)

or max E proportional to (amplitude}zfequivalent numerical working
new amplitude is 1.3 cm
change in amplitude = 0.2 cm

acceleration/force proportional to displacement (from a fixed point)
either acceleration and displacement in opposite directions
or acceleration always directed towards a fixed point

(i) gand rare constant so a is proportional to x
negative sign shows a and x are in opposite directions

(i) m2=g!rm w=2nlT
w?=9.8/0.28
=35
T=2n/+35=1.06s
time interval t = 0.53s

sketch: time period constant (or increases very slightly)
drawn line always ‘inside’ given loops
successive decrease in peak height

(a) (i) eitherw=2rn/Torm=2nfandf=1/T

(b) (i) as magnet moves, flux is cut by cup/aluminium giving rise to induced e.m.f.

@ =2rn/0.30
=20.9rad s™ (accept 2 s.f.)

(i) kinetic energy = Yama’xy® or v = wxy and Yem/
= 1% % 0.130 % 20.9% = (1.5 x 10‘2}2= 6.4 = 10°J

(in cup)

induced e.m.f. gives rise to currents and heating of the cup

thermal energy derived from oscillations of magnet so amplitude decreases
or

induced e.m.f. gives rise to currents which generate a magnetic field

B1

B1
B1
B1

M1

Al

B1
B1

C1
C1
Al

M1
Al

C1
Al

C1
Al

B1

B1
B1

(B1)

the magnetic field opposes the motion of the magnet so amplitude decreases (B1)

(i) either use of amm?x,2 and x, = 0.75¢cm or X, is halved so % energy
to give new energy = 1.6 mJ

either loss in energy = 6.4 — 1.6 orloss = % x 6.4 giving loss = 4.8 mJ

(c) g=mcAéd

48 %107 =6.2x 107 % 910 x A8
A#=85x 107K

STEMUP.CO.UK

C1
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c1
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(1]

3]

[2
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[3]

[2]
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Q33.

4 (a) acceleration/force proportional to displacement (from a fixed point)
either acceleration and displacement in opposite directions
or acceleration always directed towards a fixed point

(b) (i) zero& 06255 0r0.6255& 1.2550r1.255s & 18755 0r1.875s5 & 2.5

(i) 1. @ =2x/Tand vy = mxp

m =2n/1.25
=503rads™
vo = 5.03x 3.2

= 16.1cms™ (allow 2 s.f)

2. v = ox-x%)

either  Vama = wy(xZ — x*) or  %x16.1=5.03,/(3.2% - x*)
X214 = x2— X 2,58 =3.2%2 - x*
x=2.8cm x=28cm

(c) sketch: loop with origin at its centre
correct intercepts & shape based on (b)(ii)
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