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#1

graphical analysis.

4. Describe an experiment that uses a pendulum to determine the acceleration due to gravity with

[6 QER]

Question taken from WJEC examination paper 242701, June 2019

STEMUP.CO.UK



https://stemup.co.uk

#2

3. Simple harmonic motion (SHM) may be represented by:

= —EJ'EI
(a) State what quantities are represented by: [1]

e

X .

(b)  If the amplitude of the oscillation of an object moving with SHM is 0.012m and the period
is 0.40s:

(i) determine the maximum acceleration; [3]

(i) sketch a graph showing the vanation of a with x. Insert values on the ag-axis. Values

are given on the x-axis. [3]
alms2
[
T T -
-0.012 0.012
xim
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fc) The oscillating object in part (b) is at its centre position when ¢ = 0 and moving in the
positive x direction. Insert the missing values in the expression for x in metres. [3]

X = cos(| |t + )

(d) An oscillating system may be driven by an external force. Describe and explain:

(i) an application of forced osdillations that is useful; (2]

(i) an example of forced oscillations that should be avoided. [3]

Question taken from WIJEC examination paper 242701, June 2019
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#3

T.

fa) A pendulum oscillating with simple harmonic motion consists of a small 0.05kg mass

oscillating at the end of a string of length 4.0m. The displacement x in metres at time 1

can be written as:
=025 cos o

(il Show that the angular velocity, «. is approximately 1.57 rad g1 [2]
(i) Calculate the maximum speed of the mass. [2]
(i} Show that the kinetic energy (£, ) of the mass, in joules, may be written as: [2]

E,= 3.8 1073 sin? 1.57
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(ivi The displacement-time curve for the pendulum iz shown for a time interval of one
period i.e. 4.0s. Draw curves for velocity, v, and £, on the axes below for the same

interval of time. Indicate values on your axes for v and £_. 4]
Displacement x / m
A
0.25 1=
5
r.i
r

[: :

0 2.0 4.0 t s
Ty
X
-D.EE 1 1Y |
Velocity v/ ms™

A

0 —
0 20 2041 s

Kinetic energy £, /J

A

0 =
0 2.0 4.0 tl s

(v) Determine the maximum height reached by the pendulum mass above the level of
its lowest point. [2]
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(b) A system that can o=scillate may be drniven by an external sinusoidal force.

(i) Sketch the amplitude of a lightly damped system as the frequency of the driver is
increased. The natural frequency f; of the system is indicated. Label the curve X.

[1]
|
|
|
|
3 |
E
=
< |
|
I
Jo
Frequency of driving force
(i) Name the effect seen near the frequency, /. [1]

(i) Sketch a second curve on the axes above for an identical oscillating system that is
damped to a greater extent. Label the curve as Y. [2]

Question taken from WIJEC examination paper 242701, June 2018
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e {a)  The pendulum in the figure below has a small bob of mass, m, suspended at the bottom of

a light string of length, /. The string is shown at an angle, 8 to the vertical and the mass,
m, is at a distance, s, along the arc. The forces acting on the mass are shown.

I v
TR

e

()  Name the two forces acting on the mass. [1]

(i) By considering these forces show that:
resultant force component on the mass along the arc = — mg siné

You may add to the diagram if you wish. [3]

(i) If the oscillation is small so that sin &= @ show in clear steps that the acceleration
along the arc may be written as: [2]

accaleration =« %
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(iv) Discusswhether the equation in part (a)(iii) satisfies the definition of simple harmonic
maotion. [2]

(b) A small mass oscillates at the lower end of a pendulum of length 1.20m.
(i) Determine its:

I period; [2]

Il. frequency. [1]

(i) If the maximum displacement angle of the mass is 0.067 rad, justify the use of
simple harmonic motion in part (b)(i). [2]

Question taken from WIJEC examination paper 242701, June 2017
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fa) A load of 0.150kg is attached to the lower end of a light vertical spring of stiffness (spring
constant) 750N m™'. The system is initially in equilibrium. A& student raises the load
vertically through a distance of 0.095m and releases it so that it oscillates.

Determine:
(i) the extension of the spring when the system is in equilibrium; [2]
(i) the period of oscillation. [2]

(b}  The student notices the amplitude of ozscillation decreasing and records the following

amplitudes.
Cracillation number (1) Amplitude (4) /m

1] 0.095

10 0.062

20 0043

30 0.029

40 0.019

S0 0.014
&0 0.009

She comments that “the rate of decrease of amplitude is larger at the start of the expenment
than at its end”. Justify the statement using the data from the table. [2]
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(c) She expects that the measured amplitude of oscillation can be described by the equation:
A=A e

where 4, is the initial amplitude, n is the oscillation number and N is a constant for the
expenment that describes the decay of the amplitude.

(I} Justify that 4 is the amplitude when n = 0. [1]

(i) By considering the amplitude when n = 30 use the equation to determine a value
for V. [2]
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{d) The student decides to check the validity of the equation.

(i) Complete the third column in the table. The first four rows have already been

completed. [1]
Oscillation number (n) Amplitude (4)/m In [%)

0 0.095 0

10 0.062 043

20 0.043 079

30 0.029 1159

40 0.019

50 0014

60 0.009

(i) Plot ].n[%] ( v-axis) as a function of the oscillation number (x-axis) and draw a line

of best fit. [3]
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(i) Explain whether or not your graph is in agreement with the equation 4= ,d,._u'f".
[2]

(ivl Use the graph to determine a value for N. [3]

(v} Explain which of the two values obtained for N is expected to be the more accurate,
the value in part (cMii) or {d)(iv). [1]

Question taken from WIJEC examination paper 242701, June 2018
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#1

Marking Scheme

Question

Marking details

Marks available

AO1

AO2

AO3

Total

Maths

Prac

Measurement:

Diagram to assist answer

Measure length of string

Measure time for several oscillations
Use of fiducial point

Repeat for each length

Repeat for several lengths of string

Analysis and theory:
Small angle / amplitude

Useof T —QEJI
g

Plot ° vs  or Tvs ol

Is a straight line [through the origin]
4’ 2x .

or —respectively

7z

Use the gradient or points to calculate g

Gradient is

6

Question

Marking details

Marks available

AO1

AO2

AO3

Total

Maths

Prac

5-6 marks

Comprehensive description of both the method and the analysis.
There is a sustained line of reasoning which is coherent, relevant,
substantiated and logically structured.

3-4 marks

Comprehensive description of either the method or the analysis or
limited description of both areas provided.

There is a line of reasoning which is partially coherent, largely
relevant, supported by some evidence and with some sfructure.

1-2 marks

Limited description of either the method or the analysis provided.
There is a basic line of reasoning which is not coherent. largely
irrelevant, supported by limited evidence and with very litfle
structure.

0 marks
No attempt made or no response worthy of credit.

Question 4 total
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Question

Marking details

Marks available

AO1 AQ2 AO3 Total Maths Prac
{a) a = acceleration
@ = angular velocity or angular frequency or pulsatance
x = displacement
All 3 correct (1) 1 1
(b) (i) 2n
] 1)[= 15781
=2 ()] ] ;
4 =wA=(157Y %0.012(1) 1 5 ,
=296 [ms? (1) !
(ii) a fns
i One value of a on graph (1)
2 ecf from (b)(i)
Any straight line (1)
Correct position of line (1) 3 3 2
o612 dol2
2,96+
(c) o - = {1 x 3 — one mark for each box)
o o (E ' (alternative for angle: —7)
Accept 57 for 15.7. ecfon o 3 3 1
{d) (i) | Example e.g. microwave ovens or swing (1)
Oscillator and driving force named e.g. water molecules and 2 2
microwaves or swing and person pushing (1)
(i) | Example and conseguence e.g. bridge and falling or something
in the dashboard and buzzing (1)
Driving force e.g. wind / soldiers marching or engine (1) 3 3
Resonance explained i.e. both frequencies are the same (1)
Question 3 total 7 8 0 15 5 0
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Question

Marking details

Marks available

A1

AO2 AO3

Total

Maths

Prac

Tl |

081

b
p=——= Jiwrnbining formulae (1) =
l 4.0

T
=1.57rads™ (1) convincing

(i)

Voo = @4 (1)
Vo [= 1.57 x 0.25] = 0.39ms"" (1)

{iii)

E, =J!-mv:and v={(=)Aesin e/ v={-)0.39zin1 57 (1)
E =1x0.05x(0.39) sin* 1.57¢ (1)
=3.8x105in* 1.57¢ [convincing]

(&)

(iv)

\ T /- T

Hisplavsmen
o~
.

0,003 %

Phase of the velocity graph (1)
Period of the kinetic energy graph (1)

Kinetic energy curve always = 0 with shape and phase (1)
Values on the axes of both graphs (1)

)

mgh=3.8x107J ecf (1)
_ 3.8<107
0.05x9.81

Or: using frig: 4 — 4 cos (0.25/4) (1) =8 mm (1)

=0.008 m {1) (= 8 mm)

=]

[ M@

amplitude
¥

e
[

Frequency of driving loree

Sensible curve [X] with label [accept curve to the origin]

(i)

Resonance

{iii)

Sensible curve with label (see part (b) (i) [cannot cross X —
always below, can co-incide at low frequencies] (1)

Lower maximum amplitude at the same frequency or to left of
maximum of curve X (1)

Question T total
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(s

Marks available

Question Marking details AO1 | AO2 | AO3 | Total | Maths | Prac
(a) (i) T tension in the string and mg weight of mass (gravitational force or 1 1
gravity)
(i) T does not have a component tangential to the arc (1)
Component of mg tangential to the arc is mg sind, (1) this is in the
opposite direction to s (or ) and so the negative sign (1) 3 3 1
—mg sin @
(i) acceleration = f’f = —g sind
= —g6 (1)(using the approximation)
8=-orsinf=-(1) = _& 2 2 2
[ [ [
(iv) Acceleration « 8 (or s) measured [from a fixed position] (1)
and opposite in direction (-ve) so SHM (1) 2 2
b I | M2
®) M Substitution: T = 2 |i= 2;rrJ£ (1) 1
\ g 9.81
=220[s] (1) 1 2 2
nlr=2_ . 1 1 1
f=3z= 0.45[5] [H]z ecf (1)
(i) For maximum distance along the arc 8,., = 0.067,
also sin O, = 0.067
AS Bpax = sin ., (L. for the largest value of &) (1)
then sin @ is equal to & for all 8, and approximation holds for SHM.
System oscillates with SHM (1) 2 2 1
Question total 2 7 4 13 7 0
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Question

Marking details

Marks available

A1 AD2 AO3 Total Maths Prac
(a) (i) | ke =mg (1)
0.130=9 .81 2 2 2 2
= 0196 m answer (1)
15
(i) m 0150 1
T=2r |—=27|— sulstitution (1) 9
J; \‘ 73 ! 2 2 2
=0.889s (1)
i
HB. Mo credit for use of T = E.TJ:
E
(b) Drop in amplitude at beginning and end compared, e.g. 0.033 m
and 0.005 m over first and last intervals. [Or rates of decrease:
0.0033 m per oscillation and 0.0005 m per oscillation] consider
rate of decrease (1)] 5 2 2
Justify by noting the magnitude is larger at the start than at end of =
experiment. (1)
(c) (i) —
Whenn =0, A=:fne’ "' =dnf:’n=x:‘n q 1 q 1
[Atemative: say " =1, s0.4=40]
i) -5 - 1
A=Ae ™, 0.029=0.095 ¥ substitution (1) 1 2 2 2
N =_73[] or equiv — N =25 28 = 25 answer (1)
[ 0029
l.l:l| o ]
L0095 )
(d) 0]
Oscillation number (r) | Amplitude (4) /m
0 0.085 0 1 1 1 1
10 0.062 0.43
20 0.043 0.79
30 0.029 1.19
40 0.019 1.61
50 0.014 1.81
B0 0.009 2.38
All three values comrect (1) [accept 1.6, 1.9, 2 4 if consistent]
L5 T
In| A
(i) .
1.5 t
10
IFF'
05 :
o
n 12 i Ell] i 50 &
Labelled axes with a suitable choice of scales (1)  osxcmuion st 1
All points plotied comrectly including crigin (1) (ecf) 1
Appropriate line of best fit [not necessarily through origin] ecf (1) 1 3 3 3
(i) | Any two of:
1) Itis a straight line, or positive gradient (1) 2 2 2
2) Passes through the origin (1)
3) The measured points lie essentially on a straight line or lithe
scatter(1)
(i) ) 235-0
Gradient = (from graph) = 0.039 ecf (1)
60-0
N ——1 (1)
gradient 3 3 3 3
=256 (1) Accept answers in range 25 — 2B6.
Use of a point on the line — allow. Use of a data peint not on the
ling — 1st mark not available.
(v) | Expected to be the cne from (d)iv) as straight line based on all
points [The value in {c)(ii) is calculated from only a single point, 1 1 1
which may be anomalous.]
Question & total 3 7 9 19 14 19
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