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QUESTIONS

4 questions - 34 marks - 1 sub-topic

SUB-TOPIC M3.4a

SIMPLE HARMONIC MOTION

Sub-topic M3.4a - 4 questions - 34 marks - lowest tariff first




ANSWER >
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1. A particle P is moving in a straight line with simple harmonic motion of period 4s.
The centre of the motion is the point O
At time ¢ = 0, P passes through O
At time ¢ = 0.5s, P is moving with speed 2ms™
(a) Show that the amplitude of the motion is Mm
T
)
(b) Find the maximum speed of P
2)
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Question 1 continued
Q1
(Total 6 marks) —]
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ANSWER >

7

1. A particle P moves in a straight line with simple harmonic motion between two fixed
points 4 and B. The particle performs 2 complete oscillations per second. The midpoint
of AB is O and the midpoint of O4 is C

The length of 4B is 0.6m.
(a) Find the maximum speed of P

“
(b) Find the time taken by P to move directly from O to C
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Question 1 continued

0

K

5%
5
2
<
<
<
<5
29
<5
25
2
<
<
29
<5
29
<5
oS
2
<
<5
29
<5
29S
<5
2
<
5%
5%
<5
<
<5

KSR EEEIEIRAK LK

258

2R
555

(Total for Question 1 is 6 marks)
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ANSWER >
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4. In a harbour, the water level rises and falls with the tides with simple harmonic motion.

On a particular day, the depths of water in the harbour at low and high tide are 4m and
10m respectively.

Low tide occurs at 12:00 and high tide occurs at 18:20

(a) Find, in mh', the speed at which the water level is rising on this particular day
at 13:35
(6

A ship can only safely enter the harbour when the depth of water is at least 8.5m.

(b) Find the earliest time after 12:00 on this particular day at which it is safe for the
ship to enter the harbour, giving your answer to the nearest minute.
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Question 4 continued

(Total for Question 4 is 10 marks)
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ANSWER >

( )
5. A particle P is moving along the x-axis. At time ¢ seconds the displacement of P from
the origin O is x metres, where x = 4 cos Gm)
(a) Prove that P is moving with simple harmonic motion.
3
(b) Find the period of the motion.
(2
(c) State the amplitude of the motion.
1
(d) Find, in terms of 7z, the maximum speed of P
(2)
The points 4 and B lie on the x-axis, on opposite sides of O, with 04 = 1.5m
and OB =2.5m.
(e) Find the time taken by P to move directly from 4 to B.
C))
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Question 5 continued
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Question 5 continued
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Question 5 continued

(Total for Question 5 is 12 marks)
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MARK SCHEMES

official mark schemes, in the same order as the questions
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< QUESTION

Question
Number Scheme Marks
2
1(a) Ty Mi
[2)
w== Al
2
1
2=aZcos| Zx0.5|=2=aZx— M1
2 \2 2 2
= ﬂm * Al* (@)
T
1(b) N Ml
Vix = x theirw
T
2V2 (ms™) Al (2
(6
Notes for question 1
1(a) M1 Need to see this equation, as it’s a ‘show that’. Allow with 4 or T'or in a
rearranged form.
Al seen

M1 Complete method to obtain an equation in a only
Use of x = asin et to find x followed by v’ = @’ (az - xz) may be seen.

(Use of v=tamsinwt scores MO (this implies = 0 at an end-point.)
Al* Correct answer correctly obtained

1(b) M1 Use of aw with the given value of ¢

Al Allow 2.8 or better. Ignore units but must be positive.




< QUESTION

Question
Number Scheme Marks
2 1
18) | L= o= M1
o 2
o=4r Al
v="w"%x0.3 M1
v=1.27,3.80rbetter (Ms™) Al
4
(b) x=asinot = 0.15=0.3sin4zt =t=.. M1
1 ~ 1 Al
t=—x—==—(s) 0.04166...=0.042 or better 2
A7 6 24 6]
Notes
(a) _ _
M1 Use period = 1/frequency to find a value for @ . Must be correct way up.
Al Correct value for »
M1 Use of v=awor v’ = »’(a’ - x*) with x=0.
Al cao
(b)
M1 Use 0.15=asin et to obtain a value for t . Use their a and w.
Al Correct value, 0.042 or better
ALT Using cos ;
1(b) Complete method using x =acoswt AND " to obtain a value for t
MI Xx=acoswt = 0.15=0.3cos4rt =t=...
T .
T8
4 4
Al Correct value, 0.042 or better
tQ'/.



MARK SCHEME - IAL M3 (WMEO3) - June 2024 - Q4

M3.4a Simple harmonic motion

Question Scheme Marks
Number
3a) | IV 3vx+l M1
dx 4
1, 1 3
EV =§(x+1)2 (+C) M1A1
x=15v=8=>C =050 v=(x+1)* Al* (4
dx 3
3(b) —=(x+D* M1
dt
4(x+1)* =t (+C) M1A1
x=15t=0=>C=8 s0 4v’'=t+8 M1
t=4v’ -8 Al (9)
OR
dv 3 :
— ==V M1
at 4
1 3
=t (+C) M1A1l
13
t=0,v=8 =>(C =6 so 3v3:Zt+6 M1
t=4v' -8 Al (5
9
Notes for question 3
3(a)
Set up a differential equation in v and x only
. . . dv dv
M1 MO if acceleration is oo
MO if there is no differential equation eg starting with %vz =2 Z“ dx
Clear attempt to separate variables and integrate acceleration in terms of v and x.
M1 .
At least one of the powers must increase by 1.
Al Correct integration, condone missing + C
Given answer obtained from complete and correct working. Must include use of
Al* the boundary conditions and the initial differential equation. AQ if +C is not dealt
with correctly eg If +C is only considered after the square root.
3(b)
M1 Set up a differential equation in x and t only. Using the given answer in (a).
M1 Clear attempt to separate the variables and integrate in terms of x and t. At least
one of the powers must increase by 1
Al Correct integration, condone missing + C
M1 Use of boundary conditions in an integrated equation and use of (a) to form an
equation in v and t. MO if boundary conditions are not used.
Al Correct answer
OR
M1 Set up a differential equation in v and t only

&
RA
16

< QUESTION



< QUESTION

Question Scheme Marks
Number
M1 Clear attempt to separate the variables and integrate in terms of v and t. At least

one of the powers must increase by 1

Al Correct integration, condone missing + C

M1 Use of boundary conditions in an integrated equation to form an equation in v
and t. MO if boundary conditions are not used.

Al Correct answer




MARK SCHEME - IAL M3 (WMEO3) - June 2024 - Q4

M3.4a Simple harmonic motion

Question Scheme Marks
Number
4(a) a=3(m) Bl
2
8 27 __ .37 M1A1
3 o 19
X =-acosat =>Vv=awsinat or similar M1
v—3><3—”sin 3—ﬂx§ M1
19 19 60
:%,1.1,1.05,1.052,... (mh?) Al (6)
3t
4(b) —1.5:3005£ MI1ALft
38
t=— (h Al
5 (h)
Time is 16:13 or 16:14 Al (4
(10)
Notes for question 4
4(a)
Bl a = 3 seen or implied
2 . Lo .
M1 Foruseof T = il to give an equation in @ where T = 2 X % (double the time
a)
between 12:00 and 18:20). Condone use of T = 760 min or 45600 seconds.
Al A correct equation using hrs, min or seconds.
Form a relevant equation in v and t using their a and @
Eg
M1 e x=—-acos(wt) = v =awsin(wt)
e x=acos(wt) = v=—awsin(wt)
e x=acos(wt) =(212..) = v?=w?@*—x?
M1 Use correct equation with an appropriate value of t
Al Correct answer, must be positve and must be in metres per hour.
4(b)
A complete method to find the required time eg
e Useof —1.5 = acoswt to find required time is —cos~! (f)
w a
M1 e Useof 1.5 = asinwt to find required time is % Period + %sin‘1 (g)
e Useof 1.5 = acoswt to find required time is %cos_l (g) subtracted from
18:20
. . 138 1 . _ X
Alft A correct equation, ft on their a and w " (?) +—sin 1 (5)
A correct t value in hours or minutes or seconds
Al t:% ) | t:7—go (min) t=15200 (s)
Al For the correct time . Accept 4.13pm or 4.14 pm or 16:13 or 16:14
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< QUESTION

Question
Number Scheme Marks
1 1
5(a) x=4cos| — j x——4x£sm( mj
5 5 5
i=—4x (1) cos( j MIAL
T
—(;) x ..SHM Al 3)
2r
iod =—=10
(b) period ==-=10.() MIAL  (2)
5
(c) amplitude =4 (m) Bl (1)
. T . (1 .
(d) x=—4xgsm gﬂ't or |xmax|=aa) Ml
T _4n r
Max speed = 4X§ = = or 0.87 (ms™) Al )
1 5 (15
(e) Atdx=15 1.5=4cos(—7rt] —t,=-cos 1[—) MIAl
5 T 4
1 5 -2.5
AtB x=-25 -25=4cos|—xt| =t,=—cos'|—— Al
5 T 4
Time 4 to B
5 -25) 5 L5
=t,—t,=—cos" (— —=cos™' =1.6862...=1.7 or better( s) Al “)
T 4 V4 4
[12]
(2)
M Differentiate the given expression for x twice (Both derivatives must be shown)
Need to see: cos to sin to cos (ignore signs)
Al Both derivatives correct
Al Rewrite in the standard form for SHM and give the conclusion.
(b)
M1 Correct method
Al Correct period
()
B1 Correct amplitude
(d)
M1 Use either method to obtain the max speed
Al Correct max speed
(e)
M1 Find the time from the start to either 4 or B
Al One correct time
Al Second relevant time
Al Correct time from 4 to B. 1.7 (s) or better




< QUESTION

%‘iigg? Scheme Marks
ALT (1 5
(e) 1.5=4sin| =7t | =t, ="sin" MIA1
5 Vd
. (1 5
25=4sin| -zt | =t,=—sin"' Al
5 T 4
=ttt =zsin"1 (£)+ism (—5) 1.6862.. 1.7 or better Al
V4 4 V4 4
6(a) 72X 50 4x03 MIAI
/ 0.5
A=50 * Al* (3)
(b)
04m M
T
0.3
1.2g
Extension = 0.5 m (used in (b) or (c)) Bl
_30x05 (50) MIAIft
0.5
R(T) 2T cos0-1.2g =1.2a Ml
3
100><§—1.2x9.8:1.2a Alft
a=40.2 a=40or40.2 m s? (positive) Al (6)
1 0.5° BI1ft (any
(©) E.P.E.=E><50>< 0.5 correct EPE)
2 2
1.2gx0.3+l><1.2v2=l><50><0—5—l 5023 MIAIAl
2 2 5 2 0.5
2 2
LI Y N —25x£—1.2gx0.3 (=7.452) DM1
0.6 0.5 0.5
v=2.730... =2.7o0r 2.73ms"' Al (6)
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