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A small wooden block (cuboid) of mass m floats in water, as shown in Fig. 3.1.

wooden block mass m D)

A

| water
+ density p

Fig. 3.1
The top face of the block is horizontal and has area A. The density of the water is p.

(a) State the names of the two forces acting on the block when it is stationary.

Up'\'gx(uuﬂ” anol [/\)Giﬁ}\k 1]

(b) The block is now displaced downwards as shown in Fig. 3.2 so that the surface of the water is
higher up the block.

new position of
water surface

1 Y eret

original position of
water surface

Fig. 3.2

State and explain the direction of the resultant force acting on the wooden block in this
position. -

...... Upthrwt i« now grealer Han beight S0

© UCLES 2022 9702/42/F/M/22
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(c) The block in (b) is now released so that it oscillates vertically.
—_—TN—— ———

The resultant force F acting on the block is given by

F =—-Agpx Io(, - X

e —

where g is the gravitational field strength and x is the vertical displacement of the block from
the equilibrium position.

(i) Explain why the oscillations of the block are simple harmonic.

s proportional Fo x cince A, P, g are constanb

(ii) Show that the angular frequency w of the oscillations is given by
_ [Aeg
w = m -
O=-u "%
/Es M a
a:=-A9 pPX
N

a2
N = Aj/D 2]
M

© UCLES 2022 9702/42/F/M/22 [Tu rn over
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(d) The block is now placed in a liquid with a greater density. The block is displaced and released
so that it oscillates vertically. The variation with displacement x of the acceleration a of the
block is measured for the first half oscillation, as shown in Fig. 3.3.

3
(-0f02, I3 a/ms2 ™
5 48
N 1
\ a--wx
N
N 1 m=2-3-0
u _0.02-0
AN
\\ Lo m = - ”S
0 2
0.02 0.01 ON_ ] 1-0.01 002 wWZ=-15
N x/m
K] NE
N
N
-2
Fig. 3.3

(i) Explain why the @@Wﬁ the block is not equal to its maximum
positive displacement. -

...... e block is experiencin ﬂlampﬂg@om

(ii) The mass of the block is 0.57 kg.

Use Fig. 3.3 to determine the decrease AE in energy of the oscillation for the first half
oscillation. -

“ /mw/ AE = Cr-
€ - /xOb%XHSXO O;L —ggqowo 0 .01l

— (). OlB[(J 407X/0~§

Er. 057« Sx0.016"
/% _ 2.3904x1073 T

© UCLES 2022 9702/42/F/M/22

[Total: 10]
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Atrolley on a track is attached by springs to fixed blocks X and Y, as shown in Fig. 4.1. The track

contains many small holes through which air is blown vertically upwards. This results in the trolley

resting on a cushion of air rather than being in direct contact with the track.
v/__\'/~_,f\,/—\——____—__——;——\__/—~——‘\——————\——x_—

springs

trolley

OO0
'twt't't't‘t't‘ )

fixed block holes track fixed block

Fig. 4.1

The trolley is pulled to one side of its equilibriu osition and then released so that it oscillates
initially with simple harmonic motion. After a short time, the air blower is switched off. The variation
with time T of the distance L of the trolley from block X is shown'in Fig. 4.2.

30
L/cm
25
\ ] \ 1 \ 1 \ Py
\ I \ I \‘ I \ \
/ \
20 \ | \ | \Y | ‘\ ] \
\ I \ | \ | \ [ f
\ \"/
e e TN T
\ ] \ Il \ ]
I \ ] \ ]
15
10
0 4 8 12 16 20 24
t/'s

Fig. 4.2



(a) Use Fig. 4.2 to determine:

—_—

(i) the initial amplitude of the oscillations
e N

amplitude = \\D cm [1]

(ii) the angular frequency w of the oscillations
—_—— ~——
2= 2N 2N

R /6

(iii) the maximum speed v, in cm s~ of the oscillating trolley.
W

\A: + 9 Xo
:’059’%5 Zq




(c) On Fig. 4.3, sketch the variation with L of the velocity v of the trolley for its first complete

oscillation. @——— — ——
10
vicms™! 7 a
5 \
\
/
/ \
0
0 5 10 15 20 25 jcm | 30
\ /
-5
-10

Fig. 4.3
[3]
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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. —_—
hd - XI__-y
M- - - SR ) . _
| | u___-{x
| u
\ \
\ \
L L
\ 1
‘ \T/ : U
\ \ /
\ /
\\ //
\\_»J*//
\
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 liquid in the tube is related to the displacement x by the expression

az—(%)x ?-/L(‘OM','DVV(«'

where g is the acceleration of free fall. o1 ol — X
(a) Explain how the expression shows that the liquid in the tube is undergoing simple harmonic
motion. 7
1

- dcce W@Z/On 4 //0/0/ ional 7 7% dj p/a(’f/fzsz

o G oond L ave constals: /by mroas Si



(b) The length L of each liquid column is 18 cm. = | 0
Determine the period T of the oscillations. 9— ‘ = ;‘2‘ L/
_—

UR2 18310 _ 7 ?
a--2W> 98
2
W = -9
L T= 068‘5 ............... s [3]

(c) The oscillations of the liquid in the tube are damped.

Inc@ny one complete cycle of the osciifations;the amplitude decreases by 6.0% of its value at
the beginning of the oscillation. N

L
Determine the ratio
o 4/ of
energy of oscillations after 3 cycles
-— initiaI energy of oscillations ' old

) s N q——>/‘/f5
porte M5 TS

e

y@w é%/g—} 069 O”éq

Cht= mar'yy ) Pl {0 90)(0 99)(099)
Co 2 fap = 083 Xe
Zy%ﬂjﬂmf = X
(/:7'7’&“ _ [ tnd /W)z:/o-ﬁ%) * 0.EY
bl € 1 Gbalhp o
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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.

A4 - Xi__-y
= e I N ol
| | u___-gx
| |
\ |
\ |
L L
: |
‘ \T/ : U
\ | /
\ /
\\ //
\\_»“_//
\
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 liquid in the tube is related to the displacement x by the expression
=-(9 2
gl A=-Y X
where g is the acceleration of free fall. OcX — X

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

[—\Cce\lc(o\b'on XS ()(o()of%onajk +o WLeuL Jljsp_\occmm(;-



(b) The length L of each liquid column is 18 cm.

=-S

Determine the period T of the oscillations.

w ¢ = ¢ _ 5H4.5
L 184(0°
’LJ 7028 ) rad - =21

/’77u 3@2 T= rnsnigssissinessinne e .. ... s [3]

(c) 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

o (0900 9Y)(
f oscillat fter 3 cycl o . _ ) _ )
et asoses . 2 (0T9)(0-79)(0-11

' P /\r»') = Og )(6
g%T’)\LmZ/ A/ol () 2
@14‘70& Am() - >{o

,00 ~—>CM~—> DﬁD ratio = ..o, ............................... [3]

Tl € [ Tinal Arelde / 05;@2
GHIE \ 7 Gl il 4
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4 A pendulum consists of a bob (small metal sphere) attached to the end of a piece of string. The
other end of the string is attached to a fixed point. The bob oscillates with small oscillations about
its equilibrium position, as shown in Fig. 4.1.

equilibrium
position

oscillations

Fig. 4.1 (not to scale)

The length L of the pendulum, measured from the fixed point to the centre of the bob, is 1.24m.

The acceleration a of the bob varies with its displacement x from the equilibrium position as shown

in Fig. 4.2.
(_00‘:3'0“{)
0.4
NS ERmEEE:
alms™
NG 0.2
\\‘ (D
AN
0%
—-0.06 -0.04 —-0.02 N 0.02 0.04 0.06
. x/m [
—0.2 BRN
\\\
-0.4 2
U= 'M X
Fig. 4.2 3 . m X

aoL = *

© UCLES 2022 9702/43/M/J/22
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(a) State how Fig. 4.2 shows that the motion of the pendulum is simple harmonic.

Jaccelaabion s 6?.(9.(29{.*3‘.0.99&..j??...f&..@é‘é.ﬂ@w.;/@.f?.@ ...... e

............................................................................................................................................. [2]
(b) (i) Use Fig. 4.2 to determine the angular frequency o of the oscillations.
= OOH- O 2
il = L=
~_005-0
5 =
204
D oo, rads™! [2]

(ii) The angular frequency w is related to the length L of the pendulum by

o= 2
L [ W) )X
where k is a constant. L

—_—

Use your answer in (b)(i) to determine k. Give a unit with your answer.
A

—_—

|

2 B —
M:_%/_l‘: =

) (
W2 K —
L

= ™ L= §x |24
Sy L (] -2
(S ) [m) k= qo/ unit e 2]

(c) While the pendulum is oscillating, the length of the string is increased in such a way that the
total energy of the oscillations remains constant.

Suggest and explain the qualitative effect of this change on the amplitude of the oscillations.

btk = L masthe A nctease o e gt como

..... W 1o doceease. Tokeap e foll enoma conctonk

[Total: 8]

e 2] e ]
© UCLES 2022 L/ 7\ 9702/43/M/J/22 O [Tu rn over
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(a) State, by reference to displacement, what is meant by simple harmonic motion.

HCCG\C(G};(C)(\ i< ‘_)roporh'ono), b»ul; 0 _6_)05,'}@ in a!,i(cdioﬂ

(b) A mass is undergoing oscillations in a vertical plane.

The variation with displacement x of the acceleration a of the mass is shown in Fig. 3.1.

e — —/———"_\”
A
[T
a
N
N
AN
N
N
0 ol
ONC X
N
N
e N
Fig. 3.1

State two reasons why the motion of the mass is not simple harmonic.
............................................................. l'%

(2]




(c) A block of wood is floating in a liquid, as shown in Fig. 3.2.

oscillation
block T of block
J—— i |
——— == ===~ — -liquid- —
Fig. 3.2

The block is displaced vertically and then released.
—_—

—_—

The variation with time t of the displacement y of the block from its equilibrium position is

shown in Fig. 3.3.
‘—’\/\_f‘/_____/

2.0

y/cm

1.5

1.0 7 \ N

——
=
~~

0.5

I
——
~|
—
~.
T

o
o
N
=
o
(0]
™~
—
N
|
—
(e)]
T,
N
o
=
N
N
I
~
=
%)

~]

Fig. 3.3



Use data from Fig. 3.3 to determine

(i) the angular frequency w of the oscillations,
W=27_ £/

O = oo rads™! [2]

(ii) the maximum vertical acceleration of the block.

—_—

0= s Xo
- 70@5%( [<>5><|O_2

maximum acceleration = .........ccccoiiiiiiiiie e ms=2 [2]

(iii) The block has mass 120g.

The oscillations of the block are damped. Calculate the loss in energy of the oscillations

of the block during the first three complete periods of its oscillations.
—_
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A metal block hangs vertically from one end of a spring. The other end of the spring is tied to a
thread that passes over a pulley and is attached to a vibrator, as shown in Fig. 4.1.

pulley —— vibrator

spring

block ———1—

Fig. 4.1



(@) The vibrator is switched off.
The metal block of mass 1209 is displaced vertically and then released. The variation with
time t of the displacement y of the block from its equilibrium position is shown in Fig. 4.2.

3

y/lem 2 N

~N

Fig. 4.2
For the vibrations of the block, calculate

(i) the angular frequency w,

M’ZE TQ/T
L 06

(O = oo rads™! [2]
(ii) the energy of the vibrations.
€= ’/2 m W l% 0°
L 1
=/ 600121 (Qw/ ,
2\ OG energy = ..oooceeeen. Q"éY,O .............. J [2]

=630



(b) The vibrator is now switched on.

The fre of vibration is varied from 0.7fto 1.3f where fis the frequency of vibration of
he block in (a). —_—

For the block, complete Fig. 4.3 to show the variation with frequency of the amplitude of

vibration. Label this ineA, ———  —————— —__[3]
—_—

A /A

amplitude . 'RQ))O aﬂC€
N
B

o of.

\|

0.7f f 1.3f
frequency

Fig. 4.3

(c) Some light feathers are now attached to the block in (b) to increase air resistance.

The frequency of vibration is once again varied from 0.7f to 1.3f. The new amplitude of
vibration is measured for each frequency. ~— T —

On Fig. 4.3, draw a line to show the variation with frequency of the amplitude of vibration.

Label this line B. T12]
Y

—




(ii) The mass of the trolley is 250g.

Calculate the maximum acceleration a of the trolley.

(iii) Use your answer in (ii) to determine the period T of the subsequent oscillation.

(iv) The experiment is repeated with an initial displacement of the trolley of 2.4 cm.

State and explain the effect, if any, this change has on the period of the oscillation of the
trolley.

5 2021 JUN P41 Q03

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

....'.l..Jr...i..S......C..l...ﬁb@&..?f.@%@.i.‘.'.@ﬂprgg ..... mobon in. Whick accdorabion



(b) A trolley of 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

—(O—C0)-

Fig. 3.1
The springs, each having spring constant k of 1330Nm™", 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 2
- WX
2= (2)x a
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.

a0k [ R Dk 20130) 2 .24

) FQ-QKm )
(27 F)% 2K ey ol

M f= . T Hz [3]




(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.

.................................... /0'7CC [1]

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

Explain how this indicates that there(aMpposing the motion of the

trolley.

..... @Jramwe(CﬂoV@S‘S?L'VC;WCGS/%
apilee. shodd honre inveared since eneyis

/\

S0 /4%/'5 bve forces awe a/fs/ﬂixﬁg{ éne%.

f Ao aagy 7
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(a) Abody undergoes simple harmonic motion.

The variation with displacement x of its velocity v is shown in Fig. 3.1.
e v T e

=11 0.4 AEmns
_ vims~' ] S
Za 9\3\ B\ \/
.4 N
p 4 ] N — 2 2
4 R \C — —
o WIXo™= x
i \
i 0.1 \ 15
N |
0
—-0.06 —-0.04 —-0.02 10 0.02 0.04 0.06
\ _0‘1‘ f-x/m
HHH
T /
-0.2
N HH
\‘ 1T 4
N -0.3 as
A [
) [T o
oy T A
=04 =
Fig. 3.1
(i) State the amplitude x, of the oscillations. O
— R 05
X, ... m [1]
(ii) Calculate the period T of the oscillations. Ooo W: 27F

\] = £ur Xo
049 -0 005 T
W= B

(iii) On Fig. 3.1, label with a P a point where the body has maximum potential energy.  [1]
———

Ci - }/2 mwlﬁét—ﬁ)
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A mass is suspended vertically from a fixed point by means of a spring, as illustrated in Fig. 4.1.

spring

mass

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.

pd

//

pd

pd

yd

o

af—w2ﬁ(

t
x/cm

P d

%,mx

7

pd

yd
N
D
)

NRrS eI Ed _LID:)-)

Fig. 4.2



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

(S OCCW/‘S /%e 543/4/)55 0/ D%,Ma/x &om 1ean

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

(b) (i) The amplitude of oscillation of the mass may be changed.
\/\/\/—-—/—/

State the maximum amplitude x, for which the oscillations are simple harmonic.

Xy = OqO ...................... cm [1]

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

:oz‘&mﬁ
m=_2 —[33.3_2¢7
0-0x10

Y= \/TS?)/_% frequency = ............ /OX[/ ................... Hz [3]

W = |l547




(c) The maximum speed of the mass when oscillating with simple harmonic motion of amplitude
Xy IS V.
0> Yo

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

.4

RN

(2]



Oscillations WS2
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A dish 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.

e

ball surface
mass 45¢g of dish
| x |
Ce
of”
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 ¢ of the horizontal displacement x of the ball from
point C is shown in Fig. 4.2.

[

Fig. 4.2

(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]

——




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

where g is the acceleration of free fall and R is a constant that depends on the dimensions of the

dish and the ball.

(a) Use Fig. 4.2 to show that the angular frequency w of oscillation of the ball in the dish is

2.9rads™!

e
—

w;_Z//\T :E = QOgBS
T 2)\ /X,QOC] r*acl{

(1]

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

(i) determine R

a--wrx | Oeg55)= 181

(ii) calculate the speed of the ball as it passes(over t@ the dish.
\/b py w >(O

2455 %3 |0
0 O€hS 0-0§6
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A bar magnet of mass 250g is suspended from the free end of a spring, as illustrated in Fig. 3.1.

7

spring

magnet \

coil

Fig. 3.1
The magnet hangs so that one pole is near the centre of a coil of wire.
The coil is connected in series with a resistor and a switch. The switch is open.

The magnet is displaced vertically and then allowed to oscillate with one pole remaining inside the
coil. The other pole remains outside the coil.

At time t = 0, the magnet is oscillating freely as it passes through its equilibrium position. At time
t=6.0s, the switch in the circuit is closed.



The variation with time t of the vertical displacement y of the magnet is shown in Fig. 3.2.

2.0
1.5
y/cm
LOR § Ay i ) e
| I I T
1 | | | i
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0.5 ) Yy
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1
0
0 2 4 @ 8 0 1 16
\ t/'s
-0.5 | | tHT T
T 1] T T 17
11 T 11 11 y
pofeof
- 1. 1 I |
-15
-2.0
Fig. 3.2

(a) For the oscillating magnet, use data from Fig. 3.2 to calculate, to two significant figures,
—~—— T —

(i) the frequency f,

|

1

W=27 -l
Ex R
)Z(ﬁ :/)A'\’Z T Hz [2]

(i) the energngf the oscillations during the time t= 0 to time t=6.0s.

ENEITY = erieieeeiireeee e e J [3]



Oscillations WS2
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A bar magnet of mass 1809 is suspended from the free end of a spring, as illustrated in Fig. 2.1.

7

spring

magnet \

coil

annnAnnonn

Fig. 2.1
The magnet hangs so that one pole is near the centre of a coil of wire.
T ———T—

The coil is connected in series with a resistor and a switch. The switch is open.
—m— -_—

E=

The magnet is displaced vertically and then allowed to oscillate with one pole remaining inside the
coil. The other pole remains outside the coil. B .
—e

—

At time t = 0, the magnet is oscillating freely as it passes through its equilibrium position. At time
t=3.0s, the switch in the circuit is closed.

The variation with time t of the vertical displacement y of the magnet is shown in Fig. 2.2.
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(a) Determine, to two significant figures, the frequency of oscillation of the magnet.

For,

l
/T |2

frequency = ... S Hz [2]

(b) State whether the closing of the switch gives rise to light, heavy or critical damping.

(c) Calculate the change in the energy AE of oscillation of the magnet between time t=2.7s and
time £=/7.5_s. Explain your working.

5 , —E;Q;} Xo= |'5x10-1

2 ~2

AE = ‘/9\ MU (Xomi - %(M) £ =75 %= 07510
%:ZWF—' D/TXOXB

:é—/\_

| 5 \* L 2
o X 00180x{§x) (OOI}B - 000745 ) ) .
:Lf 0 lég ?)(}0 1 AE= ... on)//a .................. J[6]




