Advanced Higher Physics Unit 2 Homework

Homework exercise 3 — Simple Harmonic Motion

Total = 32 marks

Question 1:
M apks
Car sngines: uss the wgrnition of fusl to releaze snemgy which mowes the plstorns up
and down, catsmg the cranlesshaft to rotats.
Thea vartical motion of the piston approxrnatas to sunpls ha rmonie motion.
Fiours 8 shows diffsrant pozitiorns of 2 plston mna car sngine.
plstonn g o
(&) Defne somple havmeonis mofion. 1
(5] Detennine the amplitade of the motion. 1
(2] In thiz engme the cranbshaft rotates at 1500 revolutions per mimuts and the
plstornihas a total mass of 1 -40kg.
(1] Caloulate the maximum acceleration of the piston. 3
(1) Caleulats the maximum kinetic snargy of the pilston. 2z
(7)
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Question 2:
Marks
(@) A mass iz suspended from a spring and is at rest.
The mass is displaced 20 mm from its rest position, as shown in Figure 7.
rest position
The mass is released.
A graph of the displacement v of the mass against time ¢ is shown in Figure 8.
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Figure 8
(i} Show, by calculation, that

d*y

—= = =158y.

dr’
(11} Sketch a graph of the velocity of the mass agamnst time for the first

period of the oscillation. Numerical values are required on both axes. 5
(b} An object has a periodic motion and oscillates between A and B as shown in
Figure 9.
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Figure 9
Between points X and Y the object moves with constant speed. Explain
fully why the motion of the object cannot be described as simple harmonic. 2
(7)
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Question 3:

M arks
A "saucar” swing consizts of a bowl shaped seat of mass 1 2 kg suspandad by four
ropas of negligible mass as shown m Figure 7A.

Figurs 74

When the smpty seat 1z pulled back slightly from itz rest position and releasad its
motlon approximatas to sunpls hammonic motion

(&) Define the temm simeple haymeonis motion, 1

(&) The acceleration-tome graph for the zsat with o snergy loss 12 shown

Fioura 7E.
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Figure 7B
(1] Show that the amplibads of the motion 1 0-29m. 3
(1) Caloulata tha welocity of the seatwhan itz displacameant 13 010 m. 2

(¢ Caloulats the dizplacsmeant of tha zaat whan the kinetic saneroy and potental
eneTgy aTe aqual. 3

)

3|Page



Advanced Higher Physics Unit 2 Homework

Question 4:

Marks
4. A mass of 040 kg 15 suspended from a spring as shown in Figure 2, The mass is
then displaced vertically and released. Its subsequent motion is recorded using
a motion sensor linked to a computer,

spring

ImMass

,—/‘li motion sensor

Figure 2

The mass moves with simple harmonic motion. The displacement-time graph
of the mass 15 shown in Figure 3.

Displacement/cm 1

5
] Tirne/s
(m i g bhm mili} Fhu § g S ]
=5
s .
=10
Figure 3
(a) Find:
(1) the amplitude of the oscillation;
(11} the period of the oscillation. 2

(b)) Using the values from part (a), obtain an expression, in the form v = A4 cos @,
for the vertical displacement v of the mass. 2

() (i) Using the solution to part (&), derive an expression which gives the
relationship between the acceleration a of the mass and time ¢,

(i) Calculate the maximum kinetic energy of the mass. 5

(9
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