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(@) The defining equation of simple harmonic motion is
a=—wx.

State the significance of the minus (-) sign in the equation.

(b) Adtrolley rests on a bench. Two identical stretched springs are attached to the trolley as shown
in Fig. 4.1. The other end of each spring is attached to a fixed support.

support support

/ bench \ \‘
spring trolley :
Fig. 4.1 0
The unstretched length of each spring is 12. spring constant of each spring is
8.0Nm~'. When the trolley is in equilibrium t th of each spring is 18.0cm.
The trolley is displaced 4.8 cm to one side a en released. Assume that resistive forces on

the trolley are negligible.

(i) Show that the resultant for trolley at the moment of release is 0.77 N.

[2]
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(ii) The mass of the trolley is 250¢.

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 di

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

[Total: 9]
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(a) State what is meant by simple harmonic motion.

(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
P /
L
00O qe
Fig. 3.1

The springs, each having spring constant k of 130Nm™", are a@xtended.

The oscillator is switched off. The trolley is displaced a line of the springs and then
released. The resulting oscillations of the trolley are si onic.

The acceleration a of the trolley is given by the e Si

a= &)

The mass of the trolley is 840g.

Calculate the frequency f §f® of the trolley.

¥,

*
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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.

165

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.

(if) 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.

[Total: 8]
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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 cylinder

piston

piston

maximum height minimum

Fig. 3.1 L/
The distance moved by the piston between the positions sh } 3.1is9.8cm.
The mass of the piston is 640g.

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

(a) For the oscillations of the piston in th@ etermine:
(i) the amplitude

aamplitude S e a e e e e e e e r e e arnaa cm [1]
(ii) the frequency 0

*
oo
*
¢ freqUeNCY = o Hz [1]
(iii) the maximum speed
MaxXimum SPEed = ........cocoioeeeeeeeoeeeeeeeeeeeeen ms~! [2]
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(iv) the speed when the top of the piston is 2.3 cm below its maximum height.

<: & ..................................................... N [3]
[Total: 9]
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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 cylinder

piston

piston

maximum height minimum

Fig. 3.1 L/
The distance moved by the piston between the positions sh } 3.1is9.8cm.
The mass of the piston is 640g.

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

(a) For the oscillations of the piston in th@ etermine:
(i) the amplitude

aamplitude S ettt a e e e e e e e e e e e e rar——_ cm [1]
(ii) the frequency 0

*
oo
*
¢ freqUeNCY = o Hz [1]
(iii) the maximum speed
Maximum SPeed = ........cocoooeeeoeeeeeeeeeeeeeee ms~! [2]
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(iv) the speed when the top of the piston is 2.3 cm below its maximum height.

<: & ..................................................... N [3]
[Total: 9]
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CHAPTER 5. OSCILLATIONS

A cylindrical tube, sealed at one end, has cross-sectional area A and contains some sand.
The total mass of the tube and the sand is M.

The tube floats upright in a liquid of density p, as illustrated in Fig. 3.1.

tube
cross-sectional
area A
™~
sand liquid
—  density p

equilibrium position- {_‘“
of base of tube E

) @
Fig. 3.1
The tube is pushed a short distance into the liquid and th gj

(a) (i) State the two forces that act on the tube im after its release.

(i) State and explain the directio
its release.

(b) The q%ele he tube is given by the expression
®
__ ﬂ)
a=-(229)x

where x is the vertical displacement of the tube from its equilibrium position.

Use the expression to explain why the tube undergoes simple harmonic oscillations in the
liquid.

T"i'.’PapaCambridge
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(c) For a tube having cross-sectional area A of 4.5¢cm? and a total mass M of 0.17Kkg, the period
of oscillation of the tube is 1.3s.

(i) Determine the angular frequency o of the oscillations.

which the tube is floating.

[Total: 10]
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A mass is suspended vertically from a fixed point by means of a spring, as illustrated in Fig. 4.1.

I

spring

Fig. 4.1

The mass is oscillating vertically. The variation with displacement x of lha—;@aﬂon a of the

mass is shown in Fig. 4.2.

_”

I’

P

7

|
1
o

1 i
x/cm

I,

-1.5

Fig. 4.2

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

?‘]'PapaCambridge
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(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.

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

frequency =

(c) The maximum speed of the mass when oscillati
Xy 1S V.

imple harmonic motion of amplitude

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

I
R
Z Yo
; 4
X4 | 0
,.‘ “x 0 X,
H X
Fig. 4.3
(2]
[Total: 8]
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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 th ation a of the
mass is shown in Fig. 4.2.
13 i
3 H
. a/ms=
< =
1.0
\\
\\
N 5+
[T I
—0
-1.5 -1.0: \ 0.5 1.0 1.5
1 ii
EEmmmmmE T N T e x/em
-0.5 N
Q?F: N
Y
* \
-1.0
N
N
\
-15
Fig. 4.2

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

?‘]'PapaCambridge
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(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.

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

frequency =

(c) The maximum speed of the mass when oscillati
Xy 1S V.

imple harmonic motion of amplitude

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

I
R
Z Yo
; 4
X4 | 0
,.‘ “x 0 X,
H X
Fig. 4.3
(2]
[Total: 8]
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A metal plate is made to vibrate vertically by means of an oscillator, as shown in Fig. 2.1.

— / plate
dlre_ctlo_n of I /
oscillations

| oscillator

Fig. 2.1
Some sand is sprinkled on to the plate.
The variation with displacement y of the acceleration a of the sand o te is shown in
Fig. 2.2.

\\k
0
—10-811 61~ ONC2 4 6 811110
—+ T '_'1‘ \\ y/mmH]

I N

17

1] 11

H- —2

| 17 N

EE
T =
0? T
[ 1]
b *@® —4
* H
1 17
NN -5
Fig. 2.2

(@) (i) Use Fig. 2.2 to show how it can be deduced that the sand is undergoing simple harmonic
motion.

?‘]’PapaCambridge
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(if) Calculate the frequency of oscillation of the sand.

frequency =

(b) The amplitude of oscillation of the plate is gradually increased beyond 8 mm. The frequency
is constant.

At one amplitude, the sand is seen to lose contact with the plate. o
For the plate when the sand first loses contact with the plate, b

(i) state the position of the plate,

(ii) calculate the amplitude of oscillation.

amplitude = ..o, mm [3]

[Total: 8]
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A metal plate is made to vibrate vertically by means of an oscillator, as shown in Fig. 2.1.

— / plate
dlre_ctlo_n of I /
oscillations

| oscillator

Fig. 2.1
Some sand is sprinkled on to the plate.
The variation with displacement y of the acceleration a of the sand o te is shown in
Fig. 2.2.

\\k
0
—10-811 61~ ONC2 4 6 811110
—+ T '_'1‘ \\ y/mmH]

I N

17

1] 11

H- —2

| 17 N

EE
T =
0? T
[ 1]
b *@® —4
* H
1 17
NN -5
Fig. 2.2

(@) (i) Use Fig. 2.2 to show how it can be deduced that the sand is undergoing simple harmonic
motion.

?‘]’PapaCambridge



T‘f]’PapaCambridge

179

(if) Calculate the frequency of oscillation of the sand.

frequency =

(b) The amplitude of oscillation of the plate is gradually increased beyond 8 mm. The frequency
is constant.

At one amplitude, the sand is seen to lose contact with the plate. o
For the plate when the sand first loses contact with the plate, b

(i) state the position of the plate,

(ii) calculate the amplitude of oscillation.

amplitude = ..o, mm [3]
0? [Total: 8]
*
.4 "’
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CHAPTER 5. OSCILLATIONS

Some energy changes that take place during the cycle PQRP are shown in Fig. 2.2.

change P - Q | change Q — R | changeR — P
thermal energy transferred to gas/J +97.0 0
work doneongas/d | e -42.5 +37.0
increase in internal energy of gas/J | oo | s | e,
Fig. 2.2

(i) State the total change in internal energy of the gas during the complete cycle PQRP.
Explain your answer.

(ii) On Fig. 2.2, complete the energy changes for t

1. the change P — Q,

2. the change Q — R,

3. thechange R — P.

Q"’Q

o’a’

°

?‘]'PapaCambridge
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[Total: 9]
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A U-tube contains liquid, as shown in Fig. 3.1.
]
liquid_ T[] IR | '""[,}
| I
\\ : | _liquid
I~ I
| L L
| |
| I
A% N
Fig. 3.1 Fig. 3.2
The total length of the column of liquid in the tube is L. e
The column of liquid is displaced so that the change in height of the ach arm of the
U-tube is x, as shown in Fig. 3.2. &

The liquid in the U-tube then oscillates with simple harmonic me:&} that the acceleration a of

the column is given by the expression

(a) Calculate the period T of oscillation of the liquid column for a column length L of 19.0cm.

where g is the acceleration of free fall.

?‘]'PapaCambridge
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(a) State, by reference to simple harmonic motion, what is meant by angular frequency.

(b) A thin metal strip is clamped at one end so that it is horizontal.
A load of mass M is attached to its free end. The load causes a displacement s of the end of

the strip, as shown in Fig. 2.1.

clamp\

S~ | ______________________________
________
The load is displaced vertically and then released. T illates.
The variation with the acceleration a of the displace the load is shown in Fig. 2.2.
4.0 TT7
I 1] |
1B
s/c
M i H
2. ™
1.0 h
0? N
L 24 ~
" -
||
|

1
|
-1.0 -0.8 -06 04 0.2 00 02 04 06 08 1.0

alms2

Fig. 2.2

?‘]’PapaCambridge
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(i) Use Fig. 2.2 to determine
1. the displacement of the load before it is made to oscillate,
displacement = ... cm
2. the amplitude of the oscillations of the load.
amplitude = ... cm
[2]

(i) Show that the load is undergoing simple harmonic motion.

(iii) Calculate the frequency of oscillation of the load.

o’a’

QQ fTEQUENCY = oo Hz [3]
Q [Total: 9]
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(@) (i) Define the radian.

end, as shown in Fig. 3.1.

o O

(b) A thin metal strip, clamped horizontally at one end, has a load of mass M @hed to its free

oscillation
of load

>
G
The metal strip bends, as shown @1

When the free end of the st& laced vertically and then released, the mass oscillates in

a vertical plane.
Theory predicts
displacement x

tion of the acceleration a of the oscillating load with the
uilibrium position is given by

[
a = —(4s) x

where“is t length of the metal strip and cis a positive constant.

T"i'.’PapaCambridge
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(ii) For a metal strip of length L = 65cm and a load of mass M = 240¢g, the frequency of
oscillation is 3.2Hz.
Calculate the constant ¢.

185

[Total: 8]
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(a) State, by reference to simple harmonic motion, what is meant by angular frequency.

(b) A thin metal strip is clamped at one end so that it is horizontal.
A load of mass M is attached to its free end. The load causes a displacement s of the end of

the strip, as shown in Fig. 2.1.

clamp\

S~ | ______________________________
________
The load is displaced vertically and then released. T illates.
The variation with the acceleration a of the displace the load is shown in Fig. 2.2.
4.0 TT7
I 1] |
1B
s/c
M i H
2. ™
1.0 h
0? N
L 24 ~
" -
||
|

1
|
-1.0 -0.8 -06 04 0.2 00 02 04 06 08 1.0

alms2

Fig. 2.2
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(i) Use Fig. 2.2 to determine
1. the displacement of the load before it is made to oscillate,
displacement = ... cm
2. the amplitude of the oscillations of the load.
amplitude = ... cm
[2]

(i) Show that the load is undergoing simple harmonic motion.

(iii) Calculate the frequency of oscillation of the load.

o’a’

QQ fTEQUENCY = oo Hz [3]
Q [Total: 9]
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To demonstrate simple harmonic motion, a student attaches a trolley to two similar stretched
springs, as shown in Fig. 3.1.

spring trolley

Fig. 3.1

The trolley has mass mof 810g.

The trolley is displaced along the line of the two springs and then rele e subsequent

acceleration a of the trolley is given by the expression
_ 2kx  / i >
a=-= ‘I\
where the spring constant k for each of the springs is 6@ d x is the displacement of the
.0Hz.

trolley.

(@) Show that the frequency of oscillation of the tr i

C
Q"’&

e 1

0‘0 [3]
(b) The maximum displacement of the trolley is 1.6cm.
Calculate the maximum speed of the trolley.
SPEEA = oo ms~' [2]

?‘Q'PapaCambridge
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(c) The mass of the trolley is increased. The initial displacement of the trolley remains unchanged.

Suggest the change, if any, that occurs in the frequency and in the maximum speed of the
oscillations of the trolley.

L1 =20 [0 T=] ooy PSSR

MAXIMIUM SPEEA. .o e e e e e e e e e e e e s e e st an b e s eeeeeeeaaaes e sentbasbesasseeaeesanssassrnnrnnes

[2]

[Total: 7]
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A mass hangs vertically from a fixed point by means of a spring, as shown in Fig. 4.1.

spring '
mass -3
\--
Fig. 4.1 0

The mass is displaced vertically and then released. The subsequent osgi of the mass are
simple harmonic. L/
The variation with time ¢ of the length [ of the spring is shown j &&2

18 =

17

\ \ /
l/cm 16 /
15
/
¥
14 7
N
13
12
0 0.2 0.3 04 0.5 0.6
* /s
oo
A g
Fig. 4.2

(@) UseFig.4.2to

(i) state two values of tat which the mass is moving downwards with maximum speed,

?‘]'PapaCambridge
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(i) determine, for these oscillations, the angular frequency w,

(ili) show that the maximum speed of the mass is 0.42ms™".

<
&

(b) Use data from Fig. 4.2 and (a)(iii) to sketch, xes of Fig. 4.3, the variation with
displacement x from the equilibrium position of velocity v of the mass.

N
|
l
— 0
—4 ﬁf»!';i_ -1 0 1 2 3 4
X 3 ‘o1 x/cm

HH
Tl
-0.2
[
[T 17
[TTTT
-0.3
[
1]
| HEEE
0.4
H
[T
-0.5

Fig. 4.3 [3]

[Total: 8]
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To demonstrate simple harmonic motion, a student attaches a trolley to two similar stretched
springs, as shown in Fig. 3.1.

spring trolley

Fig. 3.1

The trolley has mass mof 810g.

The trolley is displaced along the line of the two springs and then rele e subsequent

acceleration a of the trolley is given by the expression
_ 2kx  / i >
a=-= ‘I\
where the spring constant k for each of the springs is 6@ d x is the displacement of the
.0Hz.

trolley.

(@) Show that the frequency of oscillation of the tr i

C
Q"’&

e 1

0‘0 [3]
(b) The maximum displacement of the trolley is 1.6cm.
Calculate the maximum speed of the trolley.
SPEEA = oo ms~' [2]

?‘Q'PapaCambridge



* jPPapaCambridge o

(c) The mass of the trolley is increased. The initial displacement of the trolley remains unchanged.

Suggest the change, if any, that occurs in the frequency and in the maximum speed of the
oscillations of the trolley.

L1 =20 [0 T=] ooy PSSR

MAXIMIUM SPEEA. .o e e e e e e e e e e e e s e e st an b e s eeeeeeeaaaes e sentbasbesasseeaeesanssassrnnrnnes

[2]

[Total: 7]
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Atrolley on a smooth surface is attached by springs to fixed blocks as shown in Fig. 4.1.

springs

trolley

\ -O—CO-

fixed block smooth surface fixed block
Fig. 4.1 0
The trolley oscillates horizontally about its equilibrium position with an of 12em. Fig. 4.2
shows the variation of the acceleration a of the trolley with dis@a om its equilibrium
position. Friction between the trolley and the surface can be ass e negligible.
. TTTTT IO 8
b, RN RN
™ a/ms—2
) 04+
™ \
-12 -8 - oD 4 & 2
J ™ x/cm ]
-04 S
-0.8 =
Fig. 4.2

(a) Describe the features of the line in Fig. 4.2 that demonstrate that the motion of the trolley is
simple harmonic.

T"i'.’PapaCambridge
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(b) Use Fig. 4.2 to determine the period T of the oscillations of the trolley.

195

(c) (i) On the line of the graph of Fig. 4.2, label with the letter P one point where the kinetic
energy of the trolley is zero. [1]

(ii) On the line of the graph of Fig. 4.2, label with the letter Q an approxim osition of one
point where the kinetic energy of the trolley is equal to the potential stored in the

springs. [1]

L/

\
o

Q"’&

?‘Q'PapaCambridge
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A spring is hung vertically from a fixed point. A mass M is hung from the other end of the spring, as
illustrated in Fig. 3.1.

spring

mass M
\ Y

Fig. 3.1

The mass is displaced downwards and then released. The subse n of the mass is
simple harmonic.

The variation with time t of the length L of the spring is shown |

16 T
L/cm
14 i \
\ Il J / A
\ f \ / \
\
12
\ \ I \
| \ ]/ \ Ji
101
N 5
Y
A g
0.2 0.4 0.6 0.8 1.0
t/'s
Fig. 3.2
(@) State:
(i) one time at which the mass is moving with maximum speed
HME = e, s [1]
(i) one time at which the spring has maximum elastic potential energy.
ME = e s [1]

E‘,.’PapaCambridge
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(b) Use data from Fig. 3.2 to determine, for the motion of the mass:

(i) the angular frequency w

(if) the maximum speed

maximum acceleration = ..., ms—2 [2]

T1f]’Papa(.‘.ambridge
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(c) The mass M is how suspended from two springs, each identical to that in Fig. 3.1, as shown
in Fig. 3.3.

mass M [
\

Fig. 3.3

Suggest and explain the change, if any, in the period of oscillation of the@s. A numerical
answer is not required.

[Total: 10]
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A uniform beam is clamped at one end. A metal block of mass m is fixed to the other end of the
beam causing it to bend, as shown in Fig.3.1.

beam metal block
equilibrium position

displaced position

Fig.3.1

The block is given a small vertical displacement and then released so that it os s with simple
harmonic motion.

L/

-k
where k is a constant for the beam and x is the verti@ ement of the block from its

equilibrium position.

The acceleration a of the block is given by the expression b

(@) Explain how it can be deduced from the expression that the block moves with simple harmonic
motion.

(b) Forthe beam, k=
the expression

&

*

[2]

?‘]’PapaCambridge
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(c) The initial amplitude of the oscillation of the block is 3.0cm.

CHAPTER 5. OSCILLATIONS

Use the expression in (b) to determine the maximum kinetic energy of the oscillations.

maximum Kkinetic energy =

(d) Over a certain interval of time, the maximum kinetic energy of the oscillations in (c¢) is reduced

by 50%. It may be assumed that there is negligible change in the angular frequency of the
oscillations.

Determine the amplitude of oscillation.

(e) Permanent magnets are now positioned so that etal block oscillates between the poles,
as shown in Fig. 3.2.

permanent

magnets
’ -
L o ,“ Fig.3.2
The block is e to oscillate with the same initial amplitude as in (¢). Use energy conservation

to explain why the energy of the oscillations decreases more rapidly than in (d).

[Total: 12]
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An object of mass 80g oscillates with simple harmonic motion. The variation with time t of the

displacement x of the object is shown in Fig. 4.1.

2.0
x/cm N 7
1.0 ]
/
0
0 0.1 0.2 0.3 4 0.5
t/s]
-1.0 y
N /| N /|

2.0

Fig. 4.1

(a) Use Fig. 4.1 to determine the amplitude and the period of the oscillation:@

amplitude =

period =

'b) Use Fig. 4.1 and your answers in (a) to ca
t=0.19s. C

kinetic energy =

e kinetic energy of the object at time

[Total: 4]

?‘]'PapaCambridge
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(a) State what is meant by simple harmonic motion.

(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
P /
L
00O qe
Fig. 3.1

The springs, each having spring constant k of 130Nm™", are a@xtended.

The oscillator is switched off. The trolley is displaced a line of the springs and then
released. The resulting oscillations of the trolley are si onic.

The acceleration a of the trolley is given by the e Si

a= &)

The mass of the trolley is 840g.

Calculate the frequency f §f® of the trolley.

¥,

*
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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.

203

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.

(if) 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.

[Total: 8]
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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.

Fig. 3.1 Fig. 3 q
The liquid columns are displaced vertically. The liquid then oscnlates‘n t e 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 dl@ X by the expression
a =
where g is the acceleration of free fall.

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

? I ... oot e e eeee e ee e eeee e ese et eee et eere e [3]

(b) The |3;@h L uid column is 18 cm.

Determine the period T of the oscillations.

E"_]'PapaCambridge
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(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.

205

Determine the ratio

energy of oscillations after 3 cycles
initial energy of oscillations

ratio = .o, 0 ...... [3]

[Total: 9]
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105. 9702_ w21 _qp 41 Q: 4

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.

springs

3 : trolley
I 1 /
/

X () — U — v

fixed block holes fixed block

Fig. 4.1 0

The trolley is pulled to one side of its equilibrium position and then r that it oscillates
initially with simple harmonic motion. After a short time, the air blow ched off. The variation
with time f of the distance L of the trolley from block X is shown i 2.

30 |

L/cm

25

Lt
———
-
—-—
-
N
4

|t

20

|t
—r

-

——
~——
T~

ot
—

15

7

o 10

t/'s

Fig. 4.2
(a) Use Fig. 4.2 to determine:

(i) the initial amplitude of the oscillations

amplitude = ..o, cm [1]

T"i'.’PapaCambridge



T‘f.’Papa(.‘.ambridge

T1f.’Papa(.‘.ambridge



"
] o
-"Pz%p aCambrldge CHAPTER 5. OSCILLATIONS

(ii) the angular frequency w of the oscillations

0T oo rads™1 [2]

(iii) the maximum speed v, in cm s71, of the oscillating trolley.

(b) Apart from the quantities in (a), describe what may be deduced from Fig. 4 out the motion
of the trolley between time t = 0 and time t = 24 s. No calculations are r

e e 3]

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

10

v/iecms™

(&)

-10

Fig. 4.3
(3]

[Total: 11]
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106. 9702_ w21 _qp 43 Q: 4

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.

springs

3 : trolley
I 1 /
/

X () — — -

fixed block holes fixed block
Fig. 4.1 0
The trolley is pulled to one side of its equilibrium position and then re that it oscillates
initially with simple harmonic motion. After a short time, the air blower i d off. The variation
with time t of the distance L of the trolley from block X is shown in
30 T
L/cm
25
\
A I
\ JI TR / \ | [ Py
\ I 1 I \
/ \
\
1 Il \ I ] \ I \
0T / / NG
\ ]/ -
f \ T
\ \ I
15
>
| o4 :‘J_ |
¢ 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
amplitude = ..o cm [1]
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211
(ii) the angular frequency w of the oscillations
0T oo rads™! [2]
(iii) the maximum speed v,;, in cm s~1, of the oscillating trolley.
Vg = oo cms™1 [2]

(b) Apart from the quantities in (a), describe what may be deduced from Fig. 4. ut the motion
of the trolley between time t = 0 and time t = 24 s. No calculations are re

(3]
(c) On Fig. 4.3, sketch the variation with @ velocity v of the trolley for its first complete
oscillation.
10
viems™
*
oo
15 20 251 jem 30
=5
=10
Fig. 4.3
[3]
[Total: 11]
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107. 9702_s20 _qp_42 Q: 4

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.

ball surface
mass 459 of dish

N SRR

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 horizo N acement x of the ball from
point C is shown in Fig. 4.2. .

T
]
L

——
~—]

4=

= |
T~

Fig. 4.2

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

o=-{3)

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

E‘,.’PapaCambridge
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(a) Use Fig. 4.2 to show that the angular frequency « of oscillation of the ball in the dish is
2.9rads™.

[1]

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

(i) determine R o

(if) calculate the speed of the ball es over the centre C of the dish.

(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]
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A hollow tube, sealed at one end, has a cross-sectional area A of 24 cm?.
The tube contains sand so that the total mass M of the tube and sand is 0.23kg.

The tube floats upright in a liquid of density p, as illustrated in Fig. 3.1.

= tubearea
of cross-section A

The depth of the bottom of the tube below the liquid surface is.h. \

The tube is displaced vertically and then released. The vari ith time t of the depth A is shown
in Fig. 3.2.

8

h/cm .y

>

0 0.2 04 0.6 0.8 1.0 1.2 1.4
t's

Fig. 3.2

(@) Determine:

(i) the amplitude, in metres, of the oscillations

amplitude = ... m [1]

?‘]’PapaCambridge
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(i) the frequency of oscillation of the tube in the liquid

freqUeNCY = ..o e Hz [2]

(iii) the acceleration of the tube when his a maximum.

where g is the acceleration of fr

Calculate the density p of % in which the tube is floating.

*
&

*

(c) The oscillations illustrated in Fig. 3.2 are undamped. In practice, the liquid does cause light
damping.

On Fig. 3.2, draw a line to show light damping of the oscillations for time t=0to time t=1.4s.

[3]

[Total: 10]
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109. 9702_s19_qp_43 Q: 3

A hollow tube, sealed at one end, has a cross-sectional area A of 24 cm2.
The tube contains sand so that the total mass M of the tube and sand is 0.23kg.

The tube floats upright in a liquid of density p, as illustrated in Fig. 3.1.

S\tube, area
of cross-section A

The depth of the bottom of the tube below the liquid surface is
The tube is displaced vertically and then released. The vati h time tof the depth A is shown

in Fig. 3.2.
8 T
hicm [ I N
6
N /
N\
4 \
A\
/ N
b
=
o SRR AR A R R R
0 0.2 04 0.6 0.8 1.0 1.2 1.4
t/'s
Fig. 3.2
(@) Determine:
(i) the amplitude, in metres, of the oscillations
amplitude = s m [1]
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(i) the frequency of oscillation of the tube in the liquid

freqUeNCY = ..o e Hz [2]

(iii) the acceleration of the tube when his a maximum.

Calculate the density p of t which the tube is floating.

Q

*
&

*

o2 kgm=3 [2]

(c) The oscillations illustrated in Fig. 3.2 are undamped. In practice, the liquid does cause light
damping.

On Fig. 3.2, draw a line to show light damping of the oscillations for time t=0to time t=1.4s.

[3]

[Total: 10]
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CHAPTER 5. OSCILLATIONS

A ball of mass M is held on a horizontal surface by two identical extended springs, as illustrated in
Fig. 4.1.

ball
mass M oscillator
fixed / /
point /
\/<

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

ngs and is
then released. The variation with time f of the displacement x of the ball i ig. 4.2.
®
15 .
x/cm \ R
1.0+ \
. / \ / 5
0.5 \ / \ d
\ \ TTX
0 . £ i
O N104 08 | 2 1.6\ 2.0+AH—24 1
Il \
-0.5 / : /—itls
\
-1.0 \
3 |
45 [
Fig. 4.2
(a) State:
(i)“%Qat is
g
_____________________________________________________________________________________________________________________________________ 11
(ii) the evidence provided by Fig. 4.2 that the motion of the ball is damped.

..................................................................................................................................... [1]
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(b) The acceleration a and the displacement x of the ball are related by the expression

a=-(25)x

221

M

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  of the oscillations of the
ball.

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

T1f]’Papa(.‘.ambridge
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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 0.7 wto 1.3w, where w is
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.

A

0 T T r
0.7w 1.0w 13w z

angular frequency

Fig. 4.3 L/
N 2]

(i) Some sand is now sprinkled on the horizontal surfa .
The angular frequency of the oscillations is againgra ly increased from 0.7 to 1.3w.

State two changes that occur to the line y@ rawn on Fig. 4.3.

[Total: 10]

?‘]'PapaCambridge



223

T‘:_']’PapaCambridge

111. 9702_ml8 qp 42 Q: 4

(@) Explain what is meant by the natural frequency of vibration of a system.

(b) Ablock of metal is fixed to one end of a vertical spring. The other end of the spring is attached
to an oscillator, as shown in Fig. 4.1.

oscillator e
%iprb@
*\

metal — |
block — &

The amplitude of oscillation of the oscill is constant.

The variation of the amplitude oscillations of the block with frequency f of the
oscillations is shown in Fig. 4.

Fig. 4.2

?‘]'PapaCambridge
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(i) Name the effect shown in Fig. 4.2.
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112. 9702 _s18 qp 42 Q: 4
(a) State two conditions necessary for a mass to be undergoing simple harmonic motion.

(b) A trolley of mass 9509 is held on a horizontal surface by means of two springs attached to
fixed points P and Q, as shown in Fig. 4.1.

trolley

mass 9509 sprin 0

Fi 10
f230Nm™, are always extended.

The springs, each having a spring co
The trolley is displaced along t e springs and then released.

h
The variation with time £ of the Qement x of the trolley is shown in Fig. 4.2.

pd N
pd hY
4
/
\ /£
\
/
/
/
/ \
0 .l:
/
0 t
A\
J
Vi
/
J
\
A\
\
A
7
N
4
/
7
Fig. 4.2
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() 1. State and explain whether the oscillations of the trolley are heavily damped, critically
damped or lightly damped.

2. Suggest the cause of the damping.

(ii) The acceleration a of the trolley of mass mmay be assumed to be gi e expression

2= (%)
m @

1. Calculate the angular frequency w of the oscillation& rolley.

\

2. Determine t, shown on Fig. 4.2.

[Total: 10]
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(b) The variation with time t of the displacement x is shown in Fig. 3.3.
+2.0
\
x/cm \
\\
+1.04+3 ot TN
\ / \ \ ™
/ \ / \
/ \
\
\ /
\ I \ i \ /
/ \ 7
0
0 \ / T \ / 2T A / 3T
1 | t
/
\
I
\ ]
-1.0 3 F
N/
\ /
N/
-2.0
Fig. 3.3
The period of oscillation of the liquid column of ma, isT.
The oscillations are damped. 0
(i) Suggest one cause of the dampinb
___________________________________ O JE T ———

(i) Calculate the
oscillations.

Q@nergy of the oscillations during the first 2.5 periods of the

L 2

0‘,‘

*

ENEIGY [0SS = ..o J [3]

[Total: 7]

?‘]'PapaCambridge



CHAPTER 5. OSCILLATIONS

* jPPapaCambridge

114. 9702_ w18 qp_ 42 Q: 4

A U-tube contains liquid, as shown in Fig. 4.1.

liquid

B el REr =
-
.

Fig. 4.1 Fig_Qz
The total length of the liquid column is L. 6

The column of liquid is displaced so that the change in helght of \d level from the equilibrium
position in each arm of the U-tube is x, as shown in Flg

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

where g is the acceleration of free fall.

(@) Show that the liquid column under@mple harmonic motion.

E‘,]'PapaCambridge
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(b) The variation with time ¢ of the displacement x is shown in Fig. 4.3.

+2.0

\

x/cm

\

\
+1.0 f 3 AN

\ {
A
\
Ji
\
\ f \ \
0 I
0 0.2 0.5 \'-0.75 1.0 1.25 1.50
,,,,,*,,,,,,,, 0 it A I ol " N | St B B B WO At 7L,,,ﬂ
\ / t/s
ri \
|
\
-1.0 f
f
J
/
-2.0
Fig. 4.3
Use data from Fig. 4.3 to determine the length L of th olumn.
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(c) The oscillations shown in Fig. 4.3 are damped.

(i) Suggest one cause of this damping.

(ii) Calculate the ratio

total energy of oscillations after 1.5 complete oscillations

total initial energy of oscillations

T1f]’Papa(.‘.ambridge
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115. 9702_ w18 qp 43 Q: 3

A U-tube contains liquid, as shown in Fig. 3.1.

XI

X

~_liquid

J EL =

bt —

liquid "‘f
|
|
|
|
|
|
|
|

Fig. 3.1 Fig. 3.2 0
The total length of the column of liquid in the tube is L. Q
L/

The column of liquid is displaced so that the change in height id in each arm of the
U-tube is x, as shown in Fig. 3.2.

The liquid in the U-tube then oscillates with simple harmoni such that the acceleration a of
the column is given by the expression

where g is the acceleration of free fall.

(@) Calculate the period T of oscillation iquid column for a column length L of 19.0cm.
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(b) The variation with time t of the displacement x is shown in Fig. 3.3.

+2.0
\
x/cm
\
\
+1.0+—4 A TN
] \ \ ™
I \ / \
/
|
\ | /
\ I \ / \
i \ 7
0
) T \
( \ f L 1 2T A\ / 3T T
1\ I t 1
/
\ \ /
i A y,
\ / \ / -
-1.0 -
N/
\ /
\
\\RW
oA
[
-2.0 1
Fig. 3.3

The period of oscillation of the liquid column of mas

4,

The oscillations are damped.

() Suggest one cause of the damping. 0

(i) Calculate the loss in t gy of the oscillations during the first 2.5 periods of the

oscillations. ::!

*
&

*

ENEIGY [0SS = e J [3]

[Total: 7]
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116. 9702 _s17 qp 41 Q:2
A bar magnet of mass 180g is suspended from the free end of a spring, as illustrated in Fig. 2.1.

7

spring

magnet \

coil

<

OO0 00NN
AV A

"
Fig. 2.1 \
ire.

The magnet hangs so that one pole is near the centre of

The coil is connected in series with a resistor and a switch. The switch is open.

The magnet is displaced vertically and then ﬁ@smllate with one pole remaining inside the

coil. The other pole remains outside the coil.

At time t = 0, the magnet is oscillating fr@ it passes through its equilibrium position. At time

t = 3.0s, the switch in the circuit is ¢l
The variation with time tof th v@ placement y of the magnet is shown in Fig. 2.2.

2
*Qy A
0':‘ \
. [ i
[t {
(M i i
0.5 I A VO
[
[
0
0 1 2 J 4 5 b 7 8 9
\ 1
-05 A frt/s
I v
{ A ] A
-1.0 f
-1.5 -
2.0

Fig. 2.2
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(@) Determine, to two significant figures, the frequency of oscillation of the magnet.

freqQUENCY = ..o 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 betwee@e t=2.7sand

time t=7.5s. Explain your working. :

[Total: 9]
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117. 9702 _s17_qp 43 Q:2
A bar magnet of mass 180g is suspended from the free end of a spring, as illustrated in Fig. 2.1.

7

spring

magnet \

coil

<

OO0 00NN
AV A

"
Fig. 2.1 \
ire.

The magnet hangs so that one pole is near the centre of

The coil is connected in series with a resistor and a switch. The switch is open.

The magnet is displaced vertically and then ﬁ@smllate with one pole remaining inside the

coil. The other pole remains outside the coil.

At time t = 0, the magnet is oscillating fr@ it passes through its equilibrium position. At time

t = 3.0s, the switch in the circuit is ¢l
The variation with time tof th v@ placement y of the magnet is shown in Fig. 2.2.

2
*Qy A
0':‘ \
. [ i
[t {
(M i i
0.5 I A VO
[
[
0
0 1 2 J 4 5 b 7 8 9
\ 1
-05 A frt/s
I v
{ A ] A
-1.0 f
-1.5 -
2.0

Fig. 2.2
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(@) Determine, to two significant figures, the frequency of oscillation of the magnet.

freqQUENCY = ..o 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 betwee@e t=2.7sand

time t=7.5s. Explain your working. :

[Total: 9]
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