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Simple llarmonic Motion MIS. DCE. D A54002(IBAY), OCF(PITE)

tegcher 786 hotmnil.com

Formula given in data sheet provided in CIE paper:

simple harmonic motion, a =—wex

velocity of particle in s.h.m., v, cos ot
+ (1) ‘u‘(xﬁ - x2)

alternating current/voltage, X, sin ot

Q.1 {a) (i) Define simple harmonic motion.

woportionall . o displacement.  avd i eposile W AP0
C:l.i L AADY) GB ........ di () PO ot B R e e e ]

(ii) On the axes of Fig. 1.1, sketch the variation with displacement x of the acceleration a of a particle undergoing simple
harmonic motion.

Qenld X

(h) A strip of metal is clamped to the edge of a bench and a mass 15 hung from its free end as shown in Fig 1.2,
clamp

metal strip

T 1T I T

QLAY YA




The end of the strip is pulled downwards and then released. Fig. 1.3 shows the variation
wilh time ¢ of the displacement y of the end of the strip.

yi

Akhtar Mahmaood ((333-428175%)
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Y= % (~G@aut)

fig. 1.4

On Fig. 1.4, show the corresponding variation with time ¢ of the potential energy £p of the vibrating system. [3]
(¢) The string supporting the mass breaks when the end of the strip is at its lowest point in an oscillation. Suggest what
change, it any, will occur in the period and amplitude of the subsequent motion of the end of the strip.

period: DQL‘»[@&Q& ........................

amplitude: ...

(). 2 A student sets out 1o investigate the oscillation of a mass suspended from the free end of a spring. as illustrated in

Fig. 2.1.

pscillation " TT===aa..__

of mass
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The mass is pulled downwards and then released. The variation with time ¢ of the MIS. DCE. D ASH4002(IBM), OCF(FITE)

displacement y of the mass is shown in Fig. 2.2. g MR L S

y/em

|

2

= B

e

fig. 2.2

(a) Use information from Fig. 2.2
(i) Lo explain why the graph suggests that lhe: oscillations are undamped,

(ii) to calculate the angular frequency of the oscillations,
2N 2(3)

Sk e

angular frequency =
(iii) 1o determine the maximum speed ol the oscillaling mass.

V=l X,
[% 37‘)(2 D)‘:".U) SPORE = s

. : . e A
(b) (i) Determine the resonant frequency f; of the mass-spring system {€ W-'Llﬂﬂ!! of v )

e |

(ii) The student finds that if short impulsive fsﬂ.rﬂes of frequency (1/2) f; are impressed on the mass-spring system, a large
amplitude of oscillation is obtained. Explain this observation

3. (a) The defining equation of simple harmonic motion 15
a=-a x
(i) Identify the symbols in the equation.

Mﬂw owavds ™Moo @om
%{%ﬂf\ 00en pcﬂihﬂn
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(if) ‘:~tatf: the si gmf IEE nce of Ef:gat ive (-) sign in the equation, MIS. DCE. D ASH00e(IBAY, OCF(FITE)

tegcher T84 hotmail.com

i honsds

_Vecipriad w%m ond. depacemenk m‘

(b) A frictionless pulley of mass m is held on a horizontal surface by means of two similar springs, each of spring
constant & The springs are attached to fixed points as shown in fig, 3.1.
spring trolley _
o fixed

/ 5 T, ,, d g E 7 point

4
,—"ff’fffff PV A VA T Vi iV A A AV
Fig 3.1

When the trolley is in equilibrium, the extension of each sFring IS .

The trolley 1s then displaced a small distance x to{the rightialong the axis f the springs. Both springs remain extended.

(i) Show that the magnitude F of the restoring force acting on the trolley 1s given by
F=2kx

Raaullomd FQ({Q bywexdd TN pegition : F:-[T,' - T:_]
Fo-(Kle+x) - Kle-%)
=~(k€ x Ko — $ + K|

I L 8

ey ¥

(ii) The trolley 15 then released. Show that the acceleration a of the trolley is given by,
a—-2kx/m

By Newdons setond  Row
™A = — ‘2-.“41'

a = —-(EZ&)=®
2]

(iii) The mass m of the trolley is 900g and the spring constant & is 120 Nkg™'. By comparing your answer to a(i) and the
equation in h(ii). determine the frequency of oscillation of the trolley,

Thetefore, L= 2=
2Rf = J'ZT-A? f= E

2 mn)
2 [fyul& Qoo x1p >

frequency @ ...............................H
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(¢) Suggest why the trolley in (b) provides a simple model [or the motion of an atom in a MIS, DCE. D AS/400e(1BAY), OCF(FITE)

crystal.
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4. A vertical spring supports a mass, as shown in Fig 4.1,
LLLLLLLLLLLLLLLLLLLLLLLLLLL s

R /2
Fig. 4.1

The mass is displaced vertically then released. The variation with time ¢ of the displacement y from its mean position 1s

shown in Fig. 4.2,

+2
y/em

Fig 42

A student claims that the motion of the mass may be represented by the equation
¥ = Jusin @i,
(a) Give two reasons why the use of this equation is inappropriate.

| (o \
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(b) Determine the angular lrequency w ol the oscillations. MIS. DCE. D ASH4002(IBM), OCF(FITE)

V\J‘ - 2. 'F: - 2 { ‘3 5 I-[J reacher_786: hotmail com
il 0. 6o

angular [requency = .. " O 5 S ... rad s7' [2]
(¢) The mass 1s a lump of plasticine. The plasticine 15 now {lattened so that its surface area is mc:rr:ascd Thr;: mass ol the
lump remains constant and the large surface area 1s honizontal.

The plasticine is displaced downwards by 1.5 cm and then released
On Fig 4 2, sketch a graph to show the subsequent oscillations of the plasticine. [3]

5. The vibrations ol a mass ol 150 g are simple harmomnic. Fig 5.1 shows the variation
with displacement x ol the kinetic energy Ei of the mass.
4

a EEEE N

0

Fig. 5 1

(a) On Fig. 5.1, draw lines to represent the variation with displacement x of
(i) the potential energy of the vibrating mass (label this line P),
(ii) the total energy of the vibrations (label this line T),

(b) Calculate the angular [requency of the vibrations ol the mass. 1

1
Eq = Ji-rnm o o8

= 41- ’59?0&9(&))(5 GXISI.)

A =

angular frequency = ........... %qk ............. rad s [3]
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(¢) The oscillations are now subject lo damping. MIS, DCE. D AS400e{BAM), OCF(FITE)

(i) Explain what is meant by damping. A AL Ao

_________ tbiln

(ii) The mass loses 20% of its vibrational energy. Use I'ig. 5.1 to determine the new amplitude of oscillation, Explain your

R0/ 9{J E. & <L tnto o

e

(22) (15215 = L Csond ( w9k ) =

working,

Ly

amplilude= ... ... _......C

6. A tube, closed at one end, has a constant area of cross-section 4. Some lead shot is

placed in the tube so that the tube floats vertically in a liquid of density p, as shown in Fig. 6.1.
tube, area of
cross-section A

lead shot

The total mass of the tube and its contents is M.
When the tube is given a small vertical displacement and then released, the vertical acceleration a of the tube 1s related
1o its vertical displacement y by the expression

where g 15 the acceleration of free fall.
(a) Define s;mp!e harm-::rm .F-‘;iﬂfmﬂ




Alkhtar Mahmood (0333-428 175%)
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(b) Show that the tube is perlorming simple harmonic motion with a [requency f given by MIS. DCE. D ASH400e (1B, OCF(FITE)

fH 1 III'I Apg teacher_ T30 hotmail .com
2ty M "
E{j CGT“{_\.CD{ I[N Wi H\ Q= —W H
w = ALY

F M
i 3]
uisk |

Of [~

(¢) Fig. 6.2 shows the variation with time ¢ of the vertical displacement y of the tube in another liquid.
3

yicm
2

Fig. 6.2

(i) The tube has an external diameter of 2.4 cm and is floating in a liquid of d_r;nsj;y_ﬁi]_kgm‘i.
Assuming the equation in (b). calculate the mass of the tube and its contents.

P W (T SYTTC)
l?rjtup?/l)(

—
M= L [EENA(PT]

l»mz
M - [@ lmu) C'St 56)(4-%1) (o '5”3]

|£>C2 W)

0284 o

(ii) State what fea}__ure of Fig. 4.2 indicates that the oscillations are damped.
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(b) On Fig. 7. :%«;tn,h a graph which shows how the amplitude a of a forced oscillation varies with frequency as the
frequency varies from near zero to abﬂl'ue the resonant frequency f;

a

T E B R B R E R EEE

So
Fig. 7.1

(c¢) State one factor which determines the sharpness of the resonance.

(d) Name and outline one example where resonance is uselul and onexample where 1t 1s a nuisance or dangerous.

USERUL

nuisance or dangerouns
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OSCILLATIONS (CIE PAST PAPERS QUESTIONS)

Akhitar Mahmood (0333-1251759)

A metal ball is suspended from a fixed point by means of a string, as illustrated in Fig. 3.1.

PPN
string —__ “..
ball_
5 &
QO
I X
Fig. 3.1

The ball is given a small displacement and then released. The variation with time 1 of the
displacement x of the ball is shown in Fig. 3.2.

2.0
x/cm 3
1.04 E :
“ /
0 0.4 : 0.8 1.2 1.6 2.0
] == t/s
; #
-1.0
o~oly s Fig. 3.2
{a) (i) State two times at which the speed of the ball is a maximum. 8‘1- 1:S 0 2
time = 030 s and time = D-Cln _____________ s [1]
(ii) Show that the maximum speed of the ball is approximately 0.08 ms™.
V= W%
= LQ‘_W) [:ﬂu)
T ~1
-2 = 0'6¥mMg
= 26’3"‘4)(['5}““ ) 2] s

\+ 20

[9702/471 & 42 /ON13}
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A ball is held between two fixed points A and B by means of two stretched springs, as shown
in Fig. 4.1.

Akhtar Mahmiood {0333-428175049)

ball
/

'
.

Fig. 4.1

The ball is free to oscillate horizontally along the line AB. During the oscillations, the springs
remain stretched and do not exceed their limits of proportionality.

The vanation of the acceleration a of the ball with its displacement x from its equilibrium
position is shown in Fig. 4.2.

[
4
0N
"L
L
3
]]m

Fig. 4.2

(a) State and explain the features of Fig. 4.2 that indicate that the motion of the ball is
simple harmonic.

---------------------------------------------------------------------------------------------------------------------------------
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D-% SthﬁJ QIHE —— W 'L.w) IE ﬂ.:mz
0@ ond A —5 SF XX AN,
fok . —» -ve w3 0=ud ()

—
(b) Use Fig. 4.2 to determine, for the oscillations of the ball,

(i) the amplitude,

amplitude = 2"3 cm [1]
(ii) the frequency.

LW = Grediont "B ﬂ("\’a‘
ORE o 13 S - (12:5) o p. - W2
2.8 -~ L-Q,g') 2 (2W)
rc - 'b"TE'T
frequency = ............ 577 ................... Hz [3]

(c) The arrangement in Fig. 4.1 is now rotated through 90° so that the line AB is vertical.
The ball now oscillates in a vertical plane.

Suggest one reason why the oscillations may no longer be simple harmonic.

The.. bmﬂﬂ Aot okt cxogs. 1% owiliofiun. paiin
{g9702/41 & a2/0/N/12}

Q.3 A small frictionless trolley is attached to a fixed point A by means of a spring. A second
spring is used to attach the trolley to a vanable frequency oscillator, as shown in Fig. 2.1.

trolley variable frequency
/ oscillator

mln"hl tagrovia (L) / divieg ) flred

PO, W | Feme®

Fig. 2.1

Both springs remain extended within the limit of proportionality.

Initially, the oscillator is switched off. The trolley is displaced horizontally along the line joining
the two springs and Is then released.

The variation with time t of the velocity v of the trolley is shown in Fig. 2.2




vims?

HH "\ - __ﬁ".. -+ ZIEmIzEal
0.6 : :

0.8 r 1.0 1.2
e - 4 .
Fig 2.2
(a) (i) Using Fig. 2.2, state two different times at which Akbtar Mahmood (0333-4281758)
1. the displacement of the trolley is zero,
ool ~ ¢ time =....02.2.10........ ila?::time ... 080 , f1]F
=@ 2 theacceleration in one direction is maximum. © * 2 o~d 0162 8 I 03
tnes ... 40 sendtimes.. 08 .. s [1]

(b) The oscillator is now switched on. The amplitude of vibration of the oscillator is constant,
The frequency [ of vibration of the oscillator is varied.
The trofley is forced to oscillale by means of vibrations of the oscillator.
The variation with f of the amplitude a, of the oscillations of the trolley is shown in
Fig. 2.3.

B}
a,

-—
f
Fig. 2.3
By reference to your answer in (a). state the approximate frequency at which the
amplitude is maximum. F i \
m Eﬂsﬂm: "rn € I' rrfrgquanncyﬂs 2‘“5 Hz [1]

(c) The amplitude of the oscillations in (b) may be reduced without changing significantly
the frequency at which the amplitude is a maximum. State how this may be done and

give a reason for your answaer.

You may draw on Fig. 2.1 if you wish.
: Ei&Rnx_ mafeoae. AR .
PQ&CJL "rﬁu. me- -w: R \hi‘tm '12@»—&- """ 53

| ineyese cimwpth -] @nery - —
() [ WTHR Bl ERaREIRG YOeRA & h% M--ﬁpﬁ{g ;,wfﬂmz}

(1 |




Q.4 The needle of a sewing machine is made to oscillate vertically through a total distance of
22 mm, as shown in Fig. 3.1,

22mm needle at its
- maximum height

22w
The oscillations are simple harmonic with a frequency of 4 5Hz.

The cloth that is being sewn is positioned 8.0mm below the point of the needle when the
needle is at its maximum height.

(a) State whal is meant by simple harmonic motion.

(b) The displacement y of the point of the needle may be represented by the equation
¥ = a coswl.

(i) Suggest the position of the point of the needle at time t = 0.

: ' oram dogre AR @&
A R&ﬁ@\ﬁ&«hpnmtﬂ‘ﬁmmmduﬁm

(ii) Determine the values of

1. &,
F B R et L e el ll ...................... mm [1']

o A) = QT\EQ
- 902U 5)

.

. rads™ [2]




0.5

{(c) Calculate, for the point of the needle,
(i) its maximum speed,
Mat &pﬂs-é ;_-.t ™aew M‘]‘Hﬂn H‘ﬂ&& d\E?&(?lﬁ?‘\r =0
Ve WX -7
i {;-113.3')( 1\ x1lp )

speed = . 0o 3 l
(ii) its speed as it moves downwards through the cloth.

&
*
"

SPeed = ..o ceeieeisieeaeenne, MSTT [3]

19702/04/0/N/O8
A piston moves vertically up and down in a cylinder, as illustrated in Fig. 4.1,

; 2 .-"'f_,-' 7 T g
.-___.-" v __,.-'"'f.. ..-'/!.__ g -.-._,.-- .-__.' #___.-' o cy‘hndﬂr
2 A r - .-‘__.-'__:--
pivot 5 i -l :
% e
r el A
,-;xf'f = 'nll,.- | ¥
' : f,_,f >
: 2 ]
piston o m L #
3 : 3 1
F - \L ‘ g .._.-

pivet P




Q.6

The piston is connected to a wheel by means of a rod that is pivoted at the piston and at the
wheel. As the piston moves up and down, the wheel is made to rotate,

(a) (i) State the number of oscillations made by the piston during one complete rotation of
the wheel.

number = ............ :L ............. [1]

(ii) The wheel makes 2400 revolutions per minute. Determine the frequency of
oscillation of the piston.

F# ﬁ l Akhar Mahmdiu]]]-dlal?ﬁg].
-
- 2uo0
&0
frequency = L{ﬂ Hz [1]

(b) The amplitude of the oscillations of the piston is 42 mm.

Assuming that these oscillations are simple harmonic, calculagiwe maximum values
for the piston of v WX, = i 2 ﬁ'f.) (2)

) thelinearspeed, = - 2.(3- 1'-{)['«45)0&.:&11:3)
speed=......... 0.6 ...ms" [2)

1. a2 i)
O ~tuoe, > A= (2x34nlo) La_ml,)
(i) the acceleration. e o ( (

acceleration = 2'6 SXID ms= [2]

(e¢) On Fig. 4.1, mark a position of the pivot P for the piston to have

(i) maximum speed (mark this position S), [1]
(ii) maximum acceleration (mark this position A). [1]
19702/04/MJ06}
(a) State what is meant by simple harmonic motion. 2]

eﬂtxb.c. m@hm r wWidh ancoﬁwxb‘mn U dlirectly




(b) The variation with time ! of the displacement x of two oscillators P and Q is shown in Fig. 4.1.

4

3 : : .
2 i -1; . 1 - !I

: Tl oscillator P
1444 Hi—*‘l 1' 2 't—'“ : i Moscillator Q

& ot 1
0+ - Ll
0 0. 08 1.2 1.6 {1 2.0 24 -12.8
" N L e il L S L i L t's
TN 1
L s a‘.: Lly

_2 ; | ' |
=34 - 1 :

1 ] ]
- - - 1

Fig. 4.1
The two oscillators each have the same mass. L = 0-2
. - (E)2h =%
Use Fig. 4.1 to determine =, N
(i) the phase difference between the two oscillators,
phase difference = .............. 1 E}S ........................ rad [1]

(ii) the maximum acceleration of oscillator Q, ”
O, &= L3 D

(2T e,

N

- Y (31 (20Xt
|-2

maximum acceleration = ................ 0 r(a'l‘z ,,,,,,,,,,,,, ms™=[2]




(iii) the ratio

maximum kinetic energy of oscillations of Q
maximum kinetic energy of oscillations of P

E‘a i W@L)& i &:‘Q—L
B, Led0, 7

311

PO W i e e AR i b 2]

(c) Use data from (b) to sketch, on the axes of Fig. 4.2, the variation with displacement x of the

acceleration a of oscillator Q.

\
RIS
z 5~
. ! .
- 0
—41-3H-200-1H40 1 :::2:;::3:_{4
] 1t x/cm
| \. i
- ™.
1 1 1
Fig. 4.2

N30, —0-82)

{9702/42/M1/2015)
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3 The piston in the cylinder of a car engine moves in the cylinder with simple harmonic motion.
The piston moves between a position of maximum height in the cylinder to a position of minimum

height, as illustrated in Fig. 3.1.

cylinder _

piston

1t [gi‘m?"" _______ g ot

e

maximum height minimum height

Fig. 3.1

The distance moved by the piston between the positions shown in Fig. 3.1 is 9.8cm.

The mass of the piston is 640g.

_ cylinder

" piston

At one particular speed of the engine, the piston completes 2700 oscillations in 1.0 minute.

(a) For the oscillations of the piston in the cylinder, determine:

(i) the amplitude q,g

e

2 amplitude = L"q

(ii) the frequency

£ b, 2708
68

frequency = L{S

(iii) the maximum speed
V= WX,
(2’ E£)(Xe)

= 2 (3 \Wks) (.9 Xl?)
= [X.98

maximum speed = 1'3.'7-'!

© UCLES 2020 A7 0241/M0F20

.. cm [1]

+HE []

.ms™ [2]
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(iv) the speed when the top of the piston is 2.3cm below its maximum height.

_—

V= Wy ot~
=z (28 o> -2
;IS J (Waxi (w2057
Vo= LT

speed = I | L A [2]

(b) The acceleration of the piston varies. QA A ~ °C

Determine the resultant force on the piston that gives rise to its maximum acceleration.

M ocaltdisn ond Rene fea B ot ovpBinde pogikion

F = ™Ma,
(- W x)
F = —m(2nrf) ) (%
= - (Buox16%) (W(3W) (M:S) (4 Qx1b,)
F ="2-Sﬂ'ﬁ_[

force = "QFSIK“J N [3]

[Total: 9]

© UCLES 2020 9702/41/MIJ20 ITI.I rn over
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4  Adish is made from a section of a hollow glass sphere.

The dish, fixed to a horizontal table, contains a small solid ball of mass 45g, as shown in Fig. 4.1.

ball surface
mass 459 of dish

Fig. 4.1

The horizontal displacement of the ball from the centre C of the dish is x.
Initially, the ball is held at rest with distance x = 3.0cm.

The ball is then released. The variation with time t of the horizontal displacement x of the ball from
point C is shown in Fig. 4.2.

~
=l 4
,

= i |
_._._,.-I

a—
r—
e,
I
e
hof ]
-
—
=]
-
-._‘___‘
=

\

P
'
Q
o
o
"y
x:
[ %]
T
#;m)
SRR
ey

"‘EEF"? / tl's

|

_'...-P'"
e
7
Tl
7

Fig. 4.2

The motion of the ball in the dish is simple harmonic with its acceleration a given by the expression

=_{2
a=—{g)x
where g is the acceleration of free fall and R is a constant that depends on the dimensions of the
dish and the ball.

© UCLES 2020 9702/42/MJ20
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(a) Use Fig. 4.2 to show that the angular frequency « of oscillation of the ball in the dish is

29rads™", o 2T g 2 f. 3 ]h)
T 2.0
w o~ 2 -"35

. 2.9 rad€

(1]

(b) Use the information in (a) to:

L
() determineR  Qingg Qs ~ W ’ §

R Vism
4 Py
R . g . Q. ¢\ : 1= 1T

& a1

R = ”7 m [2]

(ii) calculate the speed of the ball as it passes over the centre C of the dish.

W ™maxiraurn~ ofF C
V2 W

L (2-@)(2-0 X107
= 0-087

speed = 0008 s [2]

(c) Some moisture collects on the surface of the dish so that the motion of the ball becomes
lightly damped.

On the axes of Fig. 4.2, draw a line to show the lightly damped motion of the ball for the first

5.0s after the release of the ball. [3]

[Total: 8]

© UCLES 2020 70242010720 [TI.I rn over
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3 A pendulum consists of a metal sphere P suspended from a fixed point by means of a thread, as
illustrated in Fig. 3.1.

S ENE LTSI TSI

thread
L™
] “l‘_
L : N
"-
"I
metal sphere P .
-‘_\"\\_\\H\R '_,.I \~
[, | S
S oo
I_| x '_I
Fig. 3.1

The centre of gravity of sphere P is a distance L from the fixed point.

The sphere is pulled to one side and then released so that it oscillates. The sphere may be
assumed to oscillate with simple harmonic motion.

(a) State what is meant by simple harmonic motion.

The.._peyiodus.. &hion v vhich occolotslisA
Qliectly . obotiiond k.. dﬂp@@&meht ad s, direcked
WMW“PWEHM/&TWEM&'&QWEW&[E]

(b) The variation of the velocity v of sphere P with the displacement x from its mean position is
shown in Fig. 3.2.

vims™! s
|| _iLL | : #'J | | :
5 ! ,.-r,‘;" . D-z el E-""h.. | {
"'! ¥ ‘E_-h-q""'_'-..
: Coamas 0.1 . . _ a
! ! - | it — 1 1 ! L]
__f u - o SEEEEEE BB m oy,
—m:#%\__—ﬁg—zl mmebYuui(annd iunnp imnar iauns.s sudly
NP ~01 | L  x/cm
T : | o l |
M } EE I -"!‘r
\"‘!l- I_G'E .: ."..?f :
E — ==--'_._-:H.,...il
11
| “03 | |
Fig. 3.2

© UCLES 2020 9702/41/0/N20
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Use Fig. 3.2 to determine the frequency f of the oscillations of sphere P.
Vet o~
A mean Pns.ann;. X0, V= 025 ms'
= (@AF) (e ~ )
"u (&an i)
0:25 = 203 W)(F#)(@<€xlo >)
pooi ks L S - L A T 3]

(c) The period T of the oscillations of sphere P is given by the expression

T=2x (%)

where g is the acceleration of free fall.

Use your answer in (b) to determine the length L.
g
f d
r 3
(—5)e “ed(E)
6-us

L= 123

(d) Another pendulum consists of a sphere Q suspended by a thread. Spheres P and Q are
identical. The thread attached to sphere Q is longer than the thread attached to sphere P.

Sphere Q is displaced and then released. The oscillations of sphere Q have the same
amplitude as the oscillations of sphere P.

On Fig. 3.2, sketch the variation of the velocity v with displacement x for sphere Q. [2]

T N /.%. [Total: 9]

La>Ly S

To >Tp y

£ oL VN <%
Wg << Wp

© UCLES 2020 9702/41/0/N20 [TI.I rn over
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3  Asimple pendulum consists of a metal sphere suspended from a fixed point by means of a thread,
as illustrated in Fig. 3.1.

x";":ﬂ?’f:"fﬁ;";"f

thread

sphere
mass 94.0g

12.7cm

Fig. 3.1 (not to scale)

The sphere of mass 94.0g is displaced to one side through a horizontal distance of 12.7cm. The
centre of gravity of the sphere rises vertically by 0.90¢cm,

The sphere is released so that it oscillates. The sphere may be assumed to oscillate with simple
harmonic motion.

(a) State what is meant by simple harmonic motion.

. [2]

(b) (i) State the kinetic energy of the sphere when the sphere returns to the displaced position
shown in Fig. 3.1.

%Peﬂ-dm IBS [ﬁﬁﬁ:‘i— kinetic energy = QJ [1]

(ii) Calculate the total energy E; of the oscillations.

ET = E‘K * Ep
A &“PQ"M pogfes , Epco , Ep- Mex
E+ = Bpa mM¢R "
By = (A4 0x lﬁhl)m*ﬁﬂ(fh'c}nnlu

- 299%x1s° T

© UCLES 2020 9702/42/0/N20
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(iii) Use your answer in (ii) to show that the angular frequency @ of the oscillations of the
pendulum is 3.3rads™".

L 2
I oY,
Eqe L mw 1 -
Q. 29x15° = —.%_-(qlt-am?j@) (12-7x10

—I
W = 3:37eds

[2]
(c) The period T of oscillation of the pendulum is given by the expression
L
T=2n (g)
where g is the acceleration of free fall and L is the length of the pendulum.
Use data from (b) to determine L. Since LE -—2;3
V)
S0, 27 = A
w=3 = L= =2 5
L N (22)
L= 0o:83Sm
[Total: 10]

© UCLES 2020 9702/42/0/N20 ITI.I rn over
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5 A U-shaped tube contains some liquid. The liquid column in each half of the tube has length L, as
shown in Fig. 3.1.

SN | -

SAERN
I
I

Fig. 3.1 Fig. 3.2

The liquid columns are displaced vertically. The liquid then oscillates in the tube. The liquid levels
are displaced from the equilibrium positions as shown in Fig. 3.2.

The acceleration a of the ligquid in the tube is related to the displacement x by the expression

where g is the acceleration of free fall.

(a) Explain how the expression shows that the liquid in the tube is undergoing simple harmonic

motion.
Sn SHem Q -—wx
iy Heﬂ.ﬂ_ | m _L'f]__ . = Croglomd

a,ue(xﬂﬁ peoborond %
dJsplﬁternaﬂh
. &auﬂm.f,ubsﬂ T W@dx@d«lﬁ“ 3

PP peRment dva B ~vQ R
(b) The length L of each liquid column is 18cm.

Determine the period T of the oscillations.

T - 1 <8
ah :E"‘b T 2041y, 1952

& UCLES 2021 7024200721
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(¢) The oscillations of the liquid in the tube are damped.
In any one complete cycle of the oscillations, the amplitude decreases by 6.0% of its value at
the beginning of the oscillation.

Determine the ratio

energy of oscillations after 3 cycles
initial energy of oscillations '

ratio = ...... PRI v |

Rﬁ‘lﬁ( o umm,}‘s,& Ol Bds —*Gnar-gj";;""‘ u%%

= [Total: 9]
1od

At ¥l geellds - (8-9¢) (o-34%)
T ot lid - (03 F:*'% (ﬂ‘?hw.ﬂ
e (uv‘:i'-l)r;‘ia
L
Eh&b [Qo-qt93xj ) [Cofqlf)gfﬂf
- % per
E—‘*‘l‘““‘“a 312
:[CO'qlt)]
&
. (0-9W
I L 6 9
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3 (a) State whatis meant by simple harmonic motion.

M}:enodmmobmmwg\wﬂ.mﬂ%@mw
dﬂﬂﬂﬂﬁ poportional.... .. displacement...omd.... ...

chradiA TowledA. meam.. Pesition. /. eppatake. .. ...
'E.ﬁ'\'&ﬂb

(b) A trDHE‘f f'mass m is held on a horizontal surface by means of two springs. One spring is
attached to a fixed point P. The other spring is connected to an oscillator, as shown in Fig. 3.1.

spring trolley spring oscillator

x’f e l?/ﬂrﬁ'l /f f/f
G I

2 U0 s, O 2
T T T T T T T T T

Fig. 3.1
The springs, each having spring constant k of 130Nm™ ', are always extended.

The oscillator is switched off. The trolley is displaced along the line of the springs and then
released. The resulting oscillations of the trolley are simple harmonic.

The acceleration a of the trolley is given by the expression
a=- (@)x
m
where x is the displacement of the trolley from its equilibrium position.
The mass of the trolley is 840g.

Calculate the frequency f of oscillation of the trolley.

Qe ~W A
Q\a C.mpaxﬁs.m,w1= 2%
™

ﬁri'ﬂ 2K
2K§ :g,p_lrf

_P___ I /2 ("323; = Rz

2(2\4) of Bloxlo

1

. " . |
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(c) The oscillator in (b) is switched on. The frequency of oscillation of the oscillator is varied,
keeping its amplitude of oscillation constant.

The amplitude of oscillation of the trolley is seen to vary. The amplitude is a maximum at the
frequency calculated in (b).

(i) State the name of the effect giving rise to this maximum.

(ii) At any given frequency, the amplitude of oscillation of the trolley is constant.

Explain how this indicates that there are resistive forces opposing the motion of the

trolley.
BrvopUiinde . wonld  increate os  osciffabor upplas

thgaﬁwp&mﬁm dant

1honn oo sk ke dissipaled in... [2]
dﬂiﬂﬂ WovK Wﬂﬂ &IJ‘”\"‘Q fores. [Total: 8]
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4 A mass is suspended vertically from a fixed point by means of a spring, as illustrated in Fig. 4.1.

I SIS TITIEIIN IS

spring —___
“-_q__h

S,

Fig. 4.1

The mass is oscillating vertically. The variation with displacement x of the acceleration a of the
mass is shown in Fig. 4.2.

i i O
i ; |
H alms3
X :
LN 1.0
: i
N
N 05
i 1.0 05 Na 05 1.0 1.5
N : ]
RN - x/em
' \‘\.j I n '
' 0.5 Y
."\\
I!k‘
. = 1.0 EEE O EE
N
15 FHH
Fig. 4.2

(a) (i) State whatis meant by the displacement of the mass on the spring.

& UCLES 2019 9702/41/0/N1T9



11
For Sp-M

i (i) Suggest how Fig. 4.2 shows that the mass is not performing simple harmonic motion.
= =

o euk X -Orradiomk ey Aeph...ib ok Sontlonad dug.
a‘_t;“,wﬂj: ------- .. Coave. G\E—!ﬂ ..... K= 090 (1]

(b) (i) The amplitude of oscillation of the mass may be changed.

. . | o | . Dine rebish ke
State the maximum amplitude x, for which the oscillations are simple harmonic. = sjeipht
- S Oqt} ......................... cm [1]

(ii) For the simple harmonic oscillations of the mass, use Fig. 4.2 to determine the frequency
of the oscillations.

Oz~ W" )
N a= ~-@nfys = ~F=h‘l?,,(%j>
X | adio~t r? 5 LE!ma.)
< FE= Se- U
{-b@a? T 1n'j(&f =
& i | g > f= 1 828
/08 2 (21 [n-'Tg — (-7 lo*
frequency = ................ i S Hz (3]

(e) The maximum speed of the mass when oscillating with simple harmonic motion of amplitude
Xy 18 V.

On Fig. 4.3, show the variation with displacement x of the velocity v of the mass for
displacements from +x, to —x;,

V= © , O
. — T
i ; .'11”'-‘ T W) J 'x: — DCL
- EEREE P 2 8
i : h‘s«\‘
A Il
| kY
T -
_. ! 5 0 £, "
Fi
I 8/
T H
\n. .-*"'.'#
T
; o
Fig. 4.3
2]
[Total: 8]
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4 Aball of mass Mis held on a horizontal surface by two identical extended springs, as illustrated in
Fig. 4.1.

ball
mf‘EE M oscillator
fixed /
point Y /
7
777

A
Fig. 4.1

One spring is attached to a fixed point. The other spring is attached to an oscillator

The oscillator is switched off. The ball is displaced sideways along the axis of the springs and is
then released. The variation with time f of the displacement x of the ball is shown in Fig. 4.2

1.5 NI T 7
xfcm - : '
1.0 41 TN =
CZN
1 Fil ] i o A
0.5 \ i AT F 7
11 ’d [l hY | F
1 : i 3 Al 1] | -I'I Ee
0 . ] ,qF | : \h ; . 2
0 iy 0.4 1w 08— 1 2-f 16 \ 20 H—24
~0.5 ::\ H | INTTT | HNFE AT S
!./l | | ,’j 7
1.0 i %4 |
15 | ]
Fig. 4.2

(a) State:

(i) whatis meant by damping

dﬁr&chm% tﬂ’ @nﬂ%mdﬂiﬂa ok, ogo»t:gf

- [1]

(ii)) the evidence provided I:q,r Fig. 4.2 that the motion of the ball is damped
..... Arnabitnde @Bs&aﬂﬂama body  decrences .
Wi e B i RS R SR R S R NSRS [1]
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(b) The acceleration a and the displacement x of the ball are related by the expression

=3

where k is the spring constant of one of the springs.
The mass M of the ball is 1.2kg.

(i) Use data from Fig. 4.2 to determine the angular frequency w of the oscillations of the

ball. La > T
T’

_ (21
ar 80

= T %8

(i) Use your answer in (i) to determine the value of k. 2

b g

W = =5
™
5
Fesy = 2K
| -2
e: 2897 L. B s Nm- [2]
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(c) The oscillator is switched on. The amplitude of oscillation of the oscillator is constant.

The angular frequency of the oscillations is gradually increased from 0.7wto 1.3w, where wis
the angular frequency calculated in (b){i).

(i) On the axes of Fig. 4.3, show the variation with angular frequency of the amplitude A of
oscillation of the ball.

'

0. 7w 1.0w 13w

Iigmar frequency
2R E

Fig.43 {: %,
We Wo 2]

(ii) Some sand is now sprinkled on the horizontal surface.
The angular frequency of the oscillations is again gradually increased from 0.7w to 1.3m.

State two changes that occur to the line you have drawn on Fig. 4.3.

[Total: 10]
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4  AU-tube contains liquid, as shown in Fig. 4.1.

[}
1
-
L]
1
1
:

™

Fig. 4.1

Fig. 4.2 \’*
The total length of the liquid column is L.

The column of liquid is displaced so that the change in height

position in each arm of the U-tube is x, as shown in Fig. 4.2, RN Yo rom the Sadlbrur

The liquid in the U-tube then oscillates such that its acceleration a is given by the expression

=-(28
a= (L)X

where g is the acceleration of free fall.

(@) Show that the liquid column undergoes simple harmonic motion.

The dﬂgimma g pmalisn eﬁ Sl D & O~ 5

AKX -NA
gﬁ Q - “(.?_?i)ﬁi
q omd L ale Gnshenls, S5 QKX

Hevce. Uiguuwd w U-tube esetlade extoculle S-hom.
(2]
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(b) The variation with time ¢ of the displacement x is shown in Fig. 4.3.

+2,D n E
x/cm a
; ﬁ-ﬂ‘\
+1.041 - N .
TR
| \ X /]
0 | i )&‘ i
OFHRH-0.25 T 0.50 0N 0.75 T 1-1.00 1 t1.25~.f 1.50
f t/s
1.0 2 : :
; B
| 1
-
-2.0 .

Fig. 4.3

Use data from Fig. 4.3 to determine the length L of the liquid column. )
o= 2l o 1y g 2(3.00) o (2.6md$

T OS50
1
W = _2% = b= 2’%
L Lot
- Q-Lq'%l)__.;-b L‘.-.'l:j-l’z'3
(12 6)"
R R I S m [3]
© UCLES 2018 9702/42/0/N/18
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(¢) The oscillations shown in Fig. 4.3 are damped.

() Suggest one Cause of this damping.

~thede. o {%-c.hsn beloan. mﬁhOf“rﬁn

~Bwhe. . ond hcgwd

(i) Calculate the ratio

lotal energy of oscillations after 1.5 complete oscillations
total initial energy of oscillations

g"“f& E’T = Tmw %

---------------------------------------------

i)



g?euﬂTIr'lﬂlb 7 - A

0 E (a) The defining equation for simple harmonic motion is

a=-ox O K~
¢

(i) State the relation between @ and the frequency f. Pﬂnﬂ.ﬂ;ﬂ\
............................................. W 2277'{: [1]

(i) State the sigpificance ﬂf the negative (-) sign in the equation. A
Vechoried Sipei ooty - kmﬂiff;ﬁy Aisphocoment Hfie )
........................................................ w o P B ¥
Cl*mf@-’r\jwnaﬂ Eﬂ‘ﬁ‘ﬂigmﬁte A 'S cﬂrﬂdscl fovaevdh  vndan

Pesitdon .
(b) Africtionless trolley of mass m is held on a horizontal surface by means of two similar springs,
each of spring constant k. The springs are attached to fixed points, as illustrated in Fig. 3.1.

spring trolley

7, \em /3 &

P T S T A S ST P W L S S S T S

€ 4+

When the trolley is in equilibrium, the extens?é-ﬁ of each spring is e.

The trolley is then displaced a small distance x to the right along the axis of the springs. Both
springs remain extended.

(i) Show that the magnitude F of the restoring force acting on the trolley is given by

oauUo~k ffe i c&;{uz,huﬂ. P2k oo %wf& rozan = — (T <)
X antfwwﬂ disglecer-edt | W e T“_ ot

F: 'i;._“T i

- ﬁ(e“&)
___ Kéﬁ_ﬁr}tﬁk’(ﬁ-‘éx

Fa —2K% " I‘:l d F= 2Xx 2]

(ii) The trolley is then released. Show that the acceleration a of the trolley is given by

2kx
a=-—

M
Sinte F= ma
"M = — 2 ¥

O = 25X
™

[2]

© UCLES 2014 9702/04/SP/18 [Turn over



"y 8

(iii) The mass m of the trolley is 900g and the spring constant k is 120Nm . By comparing
the equations in (a) and (b)(ii), determine the frequency of oscillation of the trolley.

L = 2¥ = oR"f-

™ A
l 1 'd
C. J 2(120)
2@ AW Gooxis3
; 2. 60
TreqUBREY = e 2 5 ‘5‘-':' _________________ Hz [3]

[Total: 9]
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