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Question1  (*¥)

A particle P is moving on a straight line with simple harmomotion of amplitude
0.3m. It passes through the centre of the oscillatbmwith speed4.5 ms 1

Calculate the speed & when|OP|=0.1m.

|V| =32 » 4.24 ms!

Question 2  (*¥)
A patrticle P is moving on a straight line with simple harmomotion of amplitude
0.1m and period27’0 S.

Calculate the maximum acceleration ®f

|x|max =4.9 ms?
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Question 3 (**)

A particle is moving in a straight line between twoints A and B, with simple
harmonic motion.

During this motion its greatest speed?i®5ms 1. When the particle is at a distance
of 21 cm from the midpoint ofAB its speed i.16 ms 1.

Find the distanceAB.

[ 1, |AB=15m

Question 4 (**)

A particle P is moving on a straight line with simple harmoniotion, centre a0,
and period2p s.

Find the speed oP when it is at a distance @3 m from O, given that it comes to
instantaneous rest at a distaficém from O.

speece 0.4 mig
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Question 5  (**+)

A patrticle P is moving on a straight line with simple harmomiotion of period% S.

Given that the maximum speed Bfis 12ms !, find the speed oP 0.2 s after
passing through the centre of the oscillation.

speecc 8.8487...m5

Question 6 (**+)

A particle P is moving on a straight line with simple harmomotion of maximum
speed5 ms ! 'and maximum acceleratid® ms 2.

Calculate the speed oP when it is2 m from the centre of the oscillation.

speecc 3 ms
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Question 7 (**+)
A particle P is moving on a straight line with simple harmomiotion, centre aO.

P passes througl® with speed6 ms ! and performs240 complete oscillations
every minute.

Calculate the maximum acceleration®f

»151 m$2

Question 8  (**+)

A patrticle P is moving in a straight line with simple harmommtion, achieving a
maximum speed 04.8 ms 1. WhenP is at a distance 6.4 m from the centre of
the motion, its speed .88 ms *.

Determine in any order the amplitude and the pesidtie motion.

a=8m|, [T=190 510474
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Question 9  (***)

A particle is about to move in a straight line wsilmple harmonic motion.

It is released from rest from a poiAt and travels directly to a poif@, arriving there
0.75s later with maximum speéed ms .

a) Given thatAO=1.5m, determine the value &f .
b) Find the time it takes the particle to cover thistf2.25m of the motion.

c) Calculate the speed of the particle when is as&@adce of0.5m from O.

V=p»314,t=1d, v:§px/_»2.96 ms?!

Question 10  (***)

A particle P is moving on a straight line with simple harmomotion of maximum
speedlOms 1 and maximum acceleratid© ms 2.

Calculate the distance d® from one the endpoints of the oscillationbs after
passing through the centre point of the motion.

d»1.22
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Question 11 (**¥)

A patrticle P is moving on a vertical straight line with simplarmonic motion.

It takes3 s for a complete oscillation and the distance betwie highest and the
lowest level of the motion i€9.75m.

Calculate the timéP takes to traveD.5m from the highest point of the motion.

t»0.912
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Question 12 (***)
Three pointsA, O and B lie in that order on a straight line.

A particle P is moving on this line with simple harmonic motioh period3.6s,
amplitude0.8 m and centre aD.

Given thatOA is 0.4 m andOB is 0.7 m, calculate the time taken ¥y to travel
directly from A to B.

t» 0.910
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Question 13 (***)

A boat moored at a harbour is moving up and doaking 2.5s to move from its
highest point to its lowest point, where the vattidistance between these two points
is 0.8m. The boat is modelled as a particle moving withgde harmonic motion in a
vertical direction.

The point A is 0.1 m below the highest point of the motion and the pdnis
0.65m below the highest point of the motion.

a) Determine the vertical speed of the boat as itgmgwoughA.

b) Calculate the least time taken by the boat to nie A to B.

[ ]

Va|»0.332 ms?|, [t»1.21

o) STRING W 4 Dircamt

b)
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Question 14 (***+)

A patrticle is moving in a straight line between tpaints A and B, which -are0.4 m
apart, with simple harmonic motion.

The pointC is 0.1 away fromA.

a) If the greatest speed of the particle during itgiomois 1.6 ms !, determine
the speed of the particle as it passes thraDgh

At time t =0, the particle is afA.

b) Determine, in terms gb, the time the particle takes until the time it &8
throughC for the eighth time.

1. [v=vt9o2» 139 msl], [t =2~
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Question 15 (***+)

A patrticle is attached to one end of a light spriwhose other end is attached to a
fixed point. The particle is hanging verticallyequilibrium.

The particle is then pulled downwards by a furtBed m and released from rest.

The motion of the particle satisfies the differah&gquation

d2X 2
—=-k*X,
dt?

where x m is the additional extension of the spring fromeatgiilibrium position, at
timet s, andk is a constant. The maotion has period2d.

Find the first four positive values offor which x=0.3m.

12 I
ox - 2 Faon= =2 spay

AVPLITuE = 046
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Question 16 (***+)

A particle P is moving on a straight line with simple harmomeotion, centre a0,
and periodp s.

The pointC is at a distance a m from O.

It is further given thatP passes througle with speed3 ms ! and returns t&C after
time T s, whereT <p.

Calculate the possible valuesDf

T»0.643s, T» 1.22}
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Question 17 (***+)

A particle is moving with simple harmonic motion arstraight line with centre & .

When the particle is passing through a pdmt heading toward®, its speed i

3ms ! and its acceleratioB ms 2.

Calculate the time taken for the particle to retiari® for the first time.

,[t»2.21

POTING THE INGAMATION 1Sb - DiAGLm
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Question 18  (***+)

A particle P is moving in a straight line with simple harmommtion between two
points A and B, where|AB=0.8m.

The pointsC and D lie on the path oP such tha{AC|=0.2m and|AD|=0.6 m,

and it takes% s for P to travel directly fromC to D .

Whent=0, P isatA.
a) Show that the period of the motion4ss.
b) Find the maximum speed o .
c) Find the distance oP from A whent =1.5.

d) Calculate the value df when P passes througb for thefourth time.

Created by T. Madas



Created by T. Madas

Question 19  (***+)

Three pointsO, A andB lie in that order on a straight line. A partidReis moving
on this line with simple harmonic motion of peri@a&, amplitude0.6 m and centre
at O. Itis further given thaDA is 0.1 m andOB is 0.5m.

At a certain instanP is observed passing throudgh moving in the directiorOB.

Calculate the time wheR reachesA.

t » 0.950
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Question 20  (***+)
A particle P is moving with simple harmonic motion.

The motion takes place along a straight line withtreeatO. The pointsO, A and
B, lie in that order, on this line witf0A =0.5m and|AB|=0.7 m.

The speed oP at A is 6 ms ! and its speed & is 2.5ms *.
a) Show that the period of the motion425£ S.

b) Determine the acceleration @ at A.

c) Calculate the time taken fd? to travel directly fromA to B.

a=12.5 ms?|, |t » 0.156
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Question 21 (***¥)

A particle is moving on a straight line with simgplarmonic motion, centre &, and
period %p S.

When the particle is at a distance®@#8m from O, its speed i2.16 ms 1

Calculate the total time within a complete osdilat for which the particle has speed
less than2.88ms * .

| |, [t»0.429 %
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Question 22 (***¥)

A particle P moves in a straight line with simple harmonic raptwith period% S.

At timet=0, P is at rest at the poinA and the acceleration at that instant has
magnitude21.6 ms 2,

a) Find the amplitude of the motion.
b) Hence state the greatest speedhoiduring the motion.

c) Calculate the timd® takes to travel #otal distanceof 2.5 m after it has first
left A.

a=0.6 m, |V, =3.6 msl|, [t»1.14
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Question 23 (***¥)
A particle P is at rest at some poiri.

At time t=0s, P starts moving with simple harmonic motion on aaigfint line,
taking %p s to return toB for the first time. The maximum speed Bfis 3.6 ms L.

a) Determine the amplitude of the motion.
b) Calculate the speed of the partitls after leavingB .

c) Find the values of, for 0<t <1, so that thespeedof P. is the same as that
found in part (b), giving the answers correct teéhdecimal places.

a=0.6 m, |v»1.01ms!, [t»0.047, 0.476, 0.57

~36sineks
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Question 24 (***¥)
Three pointsA, O and B lie in that order on a straight line.

Two particles,R, and B,, are moving on this line with simple harmonic oot
betweenA and B, whereO is the centre of the motion.

Attimet=0s, B is observed at the midpoint @B moving towardsB .

The subsequent displacement Bf from O is given by

X =12sin %t+/ , 0<y <%.

a) Show thatR arrives atB for thefifth time whent =16% S.

At timet=0s, P, is observed passing through moving towardsB. When R

arrives atB for thefifth time, P, also arrives aB for the k™ time, fort >0.

b) Determine by calculation the value &.
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Question 25  (***¥)

The level of the sea in a harbour is assumed ®wargl fall with simple harmonic
motion. On a certain day low tide occurs0&t00 hours when the depth of the sea
will be 5 m. The next high tide will occur di3.15 hours when the depth of the sea
will be 17 m.

A ship wishes to enter the harbour that day andsi@eninimum sea depth 6f5m.

Calculate, to the nearest minute, the earliest ttnasan enter the harbour on this day
and the time by which it must leave.

|08:26, [18:04
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Question 26 (***¥)

The level of the sea in a harbour is assumed ®wargl fall with simple harmonic
motion. On a certain day low tide occursl&tOC hours when the depth of the sea
will be 8 m. The next high tide will occur @3.30 hours when the depth of the sea
will be 18 m.

A ship wishes to enter the harbour that day andsieeminimum sea depth 2 m.

Calculate, to the nearest minute, the earliest timan enter the harbour and the time
by which it must leave.

[20:27, [10:33

—
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Question 27  (***¥)

y
A
10 R -
2 e
1 > X
O 1 1 4 421
23 4%

The graph above shows the heigitm, of a particleP at timet s, given by
y = Asin(ut- j )+ B,
where A, B, w and/ are positive constants.

a) Show algebraically thaP is moving with simple harmonic motion.
b) Determine the exact values, where appropriatéd oB, w and; .
c) Calculate the maximum speed Bf.

d) Find the initial height and the initial velocity &f.

e) Calculate the total distance travelled I8y, for O£t £ 14.

[A=4] [B=8, W:%,/

ol

Viax > 8.38 ms?|, [yg=4 m|, [vy » 7.26 ms?|,

d» 2254 m
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Question 28  (****+)

A particle is moving on the axis and its speed, ms?,is given by
%v=\/8- 2% %, X £ XE %,

where X is the position of the particle on theaxis.
a) Show that the motion of the particle is simple hainm.

b) Determine the value ok and the value ok, .

At time t =0, the particle is observed to then from the centre of the oscillation and
moving away from the centre of the oscillation.

At time t =T , the patrticle is observed to 2em from the centre of the oscillation for
thethird time.

c) Calculate the value ofF .
Full justification for the answer to par{c) must be shown.

[} =-4, %= 2, |[t=1.775
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Created by T. Madas



Created by T. Madas

SIMPLE
HARMONIC
MOTION
DYNAMICS

Created by T. Madas



Created by T. Madas

Question1  (*¥)

A particle P of mass0.2 kg is attached to one end of a light elastic strihgatural
length 0.8 m and modulus of elasticity6 N .

The other end of the string is attached to a fipetht A on a smooth horizontal
surface on whiclP rests.

With the string at natural lengti®, receives an impulse of magnituBeNs, in the
direction AP.

a) Show that in the subsequent motion, while the gtisntaut, the motion oP
is simple harmonic.

b) Determine its amplitude of the motion.

c) Find the time it take® to travel between the extreme points of its motion

la=2.5n], [t»0.378
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Question 2 (*¥)

A particle P of mass0.7 kg is attached to one end of a light elastic sprihgatural
length 0.6 m and modulus of elasticity68 N .

The other end of the spring is attached to a figetht A-on a smooth horizontal
surface on whiclP rests.

P is pushed in the directioRA so that the spring has lengdtd m, and released
from rest.

a) Show that the subsequent motionPfis simple harmonic and state its period.

b) Determine the greatest speedrof

[ < =% »0.314 $, |max speed 4 m$

Created by T. Madas



Created by T. Madas

Question 3 (**+)

A particle of mas2 kg is attached to one end of a light elastic strifighatural
length3 m and the other end is attached to a fixed p@intThe particle hangs in
equilibrium at some poinE, where|AE|=3.7 m.

a) Find the modulus of elasticity of the string.

The particle is pulled vertically downwards fronethoint E to the pointB, where
|AB|=4 m, and it is released from rest.

b) Show that in the subsequent motion, the particleanavith simple harmonic
motion and determine its amplitude and its period.

c) Calculate the maximum speed of the particle duitsgnotion.

7=8anN. [T=2»1684 [a=03m. [v._ »112ms’
\/ﬁ max
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Question 4 (**+)

A particle P of mass2 kg is attached to the free end of a light elastiangpiof
natural length0.8 m and modulus of elasticityOON .

P is in equilibrium, hanging vertically from a fixgumbint A.
P is pulled vertically downwards a furth@5m and released from rest.

Show that in the subsequent motidh,moves with simple harmonic motion, and
determine the amplitude, the centre and the pa&ifdle oscillations.
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Question 5 (***)

A particle P of massl.5kg is attached to the free end of a light elastiangpof
natural length2 m and modulus of elasticity N.

P is in equilibrium, hanging vertically from a fixgumbint A.

An impulse of magnitudé Ns is given toP, in a direction parallel to the spring
towards A.

a) Show that in the subsequent motidh,moves with simple harmonic motion.

b) Given further that the period of the oscillatios%ip s, find the amplitude of
the motion.

c) Determine the value of .

a=08mj|,|/ =75

R
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Question 6 (***+)

A particle P of mass0.5kg is attached to the free end of a light elastimgtiof
natural length0.8 m and modulus of elasticit90 N .

The patrticle is in equilibrium, hanging verticaflpm a fixed pointA.
The patrticle is pulled vertically downwards a fetl®.5m and released from rest.
a) Show that in the subsequent motidh,moves with simple harmonic motion.

The patrticle is next pulled vertically downwardduather distancea m below. the
equilibrium position and released from rest.

b) Given thatP passes through the equilibrium position with sp@eﬂs‘l,
calculate the distancB covers until it first comes to instantaneous rest.

| |, [d»0.681m

Ve @ aaas
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Question 7 (***+)
Two fixed pointsA and B lie on a smooth horizontal surface, so that ttetadice
between them i2.5m.

A particle P of mass0.5kg is attached to one end of a light elastic stri8gand the
other end ofS, is attached toA.

A second light elastic strin§g is also attached t® while the other end o%; is
attached toB.

Both strings are identical in every aspect, eachatfiral length0.75m and modulus
of elasticity 24.5N..

The pointC lies on the straight line segmeAB, so thatAC=1m.

Attime t=0s, P is released from rest fro@ and moves without any resistance.
a) Show that in the subsequent motidh,moves with simple harmonic motion.
b) Determine the period of the motion.

c) Calculate the maximum kinetic energy Bf

t =§p »0.550 §, |K.E5=2.04 J
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Question 8  (****)

A light elastic string, of natural length and modulus of elasticigmg, has one end
attached to a fixed poit and the other end is attached to a partizlef massm.

Initially P hangs freely at rest in equilibrium at the poit At timet=0, P is
projected vertically downwards frof with speed,/ag .

a) Prove that, while the string is tauR, moves with simple harmonic motion.
b) Find, in terms ofa, the amplitude of the simple harmonic motion.

c) Determine, in terms o& and g, the time at which the string first goes slack.

_ [a

amplitude:la iy
12\ g

2
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Question 9  (****)

A smooth hollow narrow tube of lengthé m has one open end and one closed end.
The tube is fixed in a vertical position with tHesed end at the bottom.

A light elastic spring of natural lengthl.6 m and modulus of elastici§38 N is
placed inside the tube.

The spring has one end attached to a fixed poitherctlosed end of the tube and the
other end of the spring is attached to a partiti®assl.25kg.

The particle is next held inside the tube at aadist 0.8 m below the open end of the
tube and released from rest.

a) Show clearly that after release the motion of thdige is simple harmonic
with period %p S.

b) Calculate the time for the particle to first attaispeed oR.1 ms L.

c) Find the speed with which the particle passes tiindbe open end of the tube.

t =4l2p »0.0748 3, v:1—54\/§ »3.96 ms!
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Question 10 (***¥)

A particle is attached to one end of a light etaspring of natural lengtB.6 m and
the other end of the spring is attached to a figeoht A. The particle is hanging

freely in equilibrium at the poinE , where|AE| =5.4 m.

The particle is then pulled vertically downwardsnr E to the pointB, where
|AB|=6.48m, and released from rest.

a) Show that the particle moves in simple harmoniciomptstating the centre of
the motion.

b) Find the greatest magnitude of the acceleraticgh@patrticle.

The pointC is the midpoint ofEB.

The pointD lies vertically belowA, where|AD|=4.32m.

c) Show further that the time taken by the particlentwve directly fromC to D
is 2,0
i

Hl= Wa
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Question 11 (***¥)

Two fixed pointsA and B lie on a smooth horizontal surface, so that ttetadice
between them ig.2 m.

A particle P of mass0.25kg is attached to one end of a light elastic sti8gand
the other end 06, is attached tdA.

A second light elastic strin§g is also attached t® while the other end o%; is
attached toB.

The natural length o8, is 1.8m and its modulus of elasticity B0 N, while the
natural length ofSz is 1.2m and its modulus of elasticity 40 N .

P rests in equilibrium at some poi@ betweenA and B .

a) Show by calculation thdOA =2.7.

Pis then displaced from .its equilibrium positi@ to a new positiorC, and
released from rest.

b) Given that whenP is atC, both strings are taut, show further that in the
subsequent motiorR moves with simple harmonic motion, stating itsiqer

1. lt=2 504715
20

o) LogOh 4T A Dikstad

L

Pv,v NALAIMAADY LAMAL
bW £

— —

SN S
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Question 12 (***¥)
Two fixed pointsA and B lie on a smooth horizontal surface, so that ttetadice
between them igl.13m.

A particle P of massm kg is attached to one end of a light elastic spi&gand the
other end ofS, is attached toA.

A second light elastic springg is also attached t& while the other end o%; is
attached toB.

The natural length 08, is 0.8 m and its modulus of elasticity 20N, while the
natural length ofSg is 1.5m and its modulus of elasticity BO N .

The patrticle rests in equilibrium at some pdihtbetweenA and B.

a) Show by calculation thdOA =1.28.

The pointC lies on the straight line segmeAOB, between A andO.
Attime t=0s, P is released from rest frod and moves without any resistance.

b) Show that in the subsequent motidh,moves with simple harmonic motion.

The angular frequency d® is 10 Hz and its maximum speed sms L.

c) Determine the time taken fd? to travel a distance 00.6 mfrom C.

t=" 502094
15
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Question 13 (***¥)

A particle of mas9.75kg is attached to a fixed poiA by a light elastic string of
modulus of elasticity78 N .

The particle is released from rest from and falls vertically without any air
resistance, coming to rest at a pdiht 4 m below A.

a) Show by calculation that the natural length ofgtreng is2.6 m.

b) Show that when the extension in the string is

d?x
S X a0x+ g.
dt? g

c) Use a suitable substitution to demonstrate thaabwye differential equation
represents simple harmonic motion.

d) Determine the maximum speed of the particle duitsghotion.

e) Calculate, correct td decimal places, the time it takes the particlentove
from Ato C.

[ 1| [Vmax=7.30msY|, [t»1.3434 $
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Question 14 (***¥)

Two fixed pointsA and B lie on a smooth horizontal surface, such {#d{ =5 m.
A particle P of mass0.3kg is attached to one end of a light elastic stri8gand the
other end ofS, is attached toA.

A second light elastic strin§g is also attached t® while the other end o%; is
attached toB.

The natural length o, is 1m and its modulus of elasticity 80 N, while the
natural length ofSg is 2 m and its modulus of elasticity 80 N ..

The particle rests in equilibrium at some pdihtbetweenA andB.
a) Determine the distanc@A.

At timet=0s, P is released from rest from a point on the linensexgt AB such
that AO is 1 m, and moves without any resistance.

b) Show that in the subsequent motidh,moves with simple harmonic motion
and determine its amplitude and its period.

c) Calculate the total distand@ covers in the firs0.5s of its motion.

0A=1.5n,[a=05n], T=%s,
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Question 15 (****+)

A particle of masan is attached to one end of a light elastic strihgtiéfnessk , and
the other end is attached to a fixed péintThe particle is hanging in equilibrium
with the string in a vertical position. The parids next pulled a vertical distanee
below its equilibrium position and released frorstre

At time t, the displacement of the particle below its equilim position isx and the
velocity of the particle iy .

Show, by forming and solving suitable differenggjuations, that while the particle is
moving upwards with the string taut ...

b) ... x=acos \/Et .
m

proof
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Question 16 (****+)

A light elastic string with natural length.8 m, has one of its ends attached to a fixed
point O on a smooth plane inclined at anglgo the horizontal, whersing = 0.7E.
A particle of mas2.5 kg is attached to the other end of the string.

The patrticle rests in equilibrium at the poiston the plane, wher®A lies along a
line of greatest slope witf0A =1.2m.

The patrticle is then pulled down to a polBt whereOAB is a straight line with
/0B =1.7m, and released from rest.

a) Show that, while the string remains taut, the pkatis moving with simple
harmonic motion.

Give all the relevant details of this motion.
The pointM is the midpoint ofAB.

b) Calculate, correct td decimal places, the time taken by the particlentve
directly from M to the point where the string becomes slack feffitist time.

| | , |t » 0.3385
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Question 17 (****+)

Two fixed pointsA and B lie on a smooth horizontal surface, such 1IA\£| =7m.
A particle P of mass0.3kg is attached to one end of a light elastic str8gand the
other end ofS, is attached toA.

A second light elastic strin§g is also attached t® while the other end o%; is
attached toB.

The natural length 08, is 1.5m and its modulus of elasticity i85 N, while the
natural length ofSg is 3 m and its modulus of elasticity 00N .

Attime t=0s, P is released from rest from so thaP| =3.25m.
Attime t=T s, P is moving towardsB for the first time andAP| =2.25m.

Determine the value of .

, [T »0.262
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Question 18  (****+)

Two fixed pointsA and B lie on a smooth horizontal surface, such {d{ =5 m.
A particle P of mass0.5kg is attached to one end of a light elastic str8gand the
other end ofS, is attached toA.

A second light elastic strin§g is also attached t® while the other end o%; is
attached toB.

The natural length 08, is1.5m and its modulus of elasticity B0 N, while the
natural length ofSz is 0.8 m and its modulus of elasticity &0 N .

At time t=0s, P is released from rest from so th®t is at natural length, and
moves without any resistance.

Calculate the lengt®B, when the particle next gets to instantaneous rest

d»0.481 m

Created by T. Madas



