Physics 1A PHYS1121 200812

Questions and Ansvers
Total Marks: 60

Question 1: 12 marks

1. (a) Define the average coefficient of linear expansion for a material in tdritssfractional

change in length and the change in temperature. If your definition includes an equation, define all
terms used in it.

(b) A circular disk has a concentric circular hole cut out of its middle, as in the diagram.
Explain, giving your rasoning, what happens to both the disk and the hole as it is heated.

Suppose thab®5.0cm, ;=10cm and the coefficient of linear expansion is 2.0". What is
the change in the area of the material that makes up the disk for a 30@énicrés temperature?

()
Water at temperature 25;C flows from a tap T into a heated container C. The container has a
heating element (a resistor R) which is supplied with electrical power, P, that may be varied.

The rate of flow of water F = 0.03fires per minute. The electrical power is sufficient that the

water in the container is boiling. What is the minimum power that must be supplied in the steady
state so that the amount of liquid water in the container neither increases nor decredasasvith

You may neglect other losses of heat, such as conduction and radiation from the container to the air

For water, ¢=4,200 J KgK™, Ly4=2.30x16 J kg*, p=1,000 kg ri?.
Solution

(@)  The coefficient of linear expansiom, for a material is defied as the fractional change in
length, divided by the change in temperature.

a= % whereAL is the change in length; LL;, AT is the change in temperature; T; and

i, f refer to the initial and final values for the relevgoantities.
(b) Both the disk and hole expand in radius (and in area) as the disk is heated. All elements

expand by the same fraction, so that both the radius of a circle, and its circumference, will expand
by the same fraction. The areas will also expaThus both the hole and the disk expands.



We haveAA = 2o A; AT for area expansion (or derive directly from square of linear expansion). i.e.
twice the rate of linear expansion.

With Agisc = 7t (r1%1o°) for the disk and Aye = 7t ro”.

Thus,AAg« = 2 x 2.0 10 x 7t x [10° B5.07] x 30 = 0.2827 crfor disk
= 0.28 cnf for disk to 2SF
And AAngie 2x2.010 xx x 5.0 x 30 = 0.09425 chrfor hole

0.094 cn for hole to 2SF

(c) We must have, in the steady state,

Energy supplied = Heat taise water to boiling + Heat to boil the water
ie.Pt=mL+maT

where m is the mass of the water in the container, L and c are the latent and specific heats,
respectively, andT is the temperature rise, in time t.

The flow rate, F, given by m gF t wherep is the density.
Thus Pt=p Ft[L + CAT]
or P=p F[L + cAT]

i.e. P = 1000 x 0.030 x 060 x [2.3 16 + 4200 x (10€25)] W
= 1307.5 W = 1,300W to 2SF.



Question 2: 15 Marks
2. (a) Write down an equation that describes Eirst Law of Thermodynamics. What quantity is
being conservedMake sure that you fully describe any symbols that you use.

(b) In the last four columns of the following table fill in the boxes wif) & or O depending on
whether the quantities dease, increase, or remain (approximately) unchanged, respectively.
Provide brief explanations as to your choices.

Situation System Heat Work Done | Change in Change in
Internal Temperature
Energy

Rapidly letting | Air in the tyre

air out of a

bicycle tyre

Covered pan of| Water in the
hot water sitting| pan

on room
temperature
bench top

(c) Figure from tutorial 5, Q4, left side. The figure shows a cylinder containing a gas which is
closed by a moveable piston. The cylinder is submerged in -avaiee mixture, and the gas is

initially in thermal equilibrium with the icgvater. The piston is pushed down very quickly from
position 1 to position 2. It is then held at position 2 until the gas is again in thermal equilibrium
with the icewater. The pi®n then is slowly raised until it returns to position 1. Sketch a Pressure
Volume diagram showing the changes that have taken place, and indicate briefly what
thermodynamic processes are taking place at each stage around one complete cycle. 1€€00g of i
are melted during one cycle, how much work has been done on thé.gag23.33 x 10 J/kg.

Solution
(&  The first law of thermodynamics states that the increase in internal energy of a aystem,
is equal to the flow of energy into the syst&pn plus the work done on the system, W.

This is a statement about the conservation of energy.

(b)

Situation System Heat Work Done | Change in Change in
Internal Temperature
Energy

Rapidly letting | Air in thetyre

air out of a 0 b b b

bicycle tyre

Covered pan of| Water in the

hot water sitting| pan b O b b

on room

temperature

bench top




When letting air rapidly out of a bicycle tyre, the change is adiabatic, so Q=0. The work done is
negative since the gas expands (the gas does wankis, there is a decrease in internal energy,
applying the I Law. Hence a decrease in temperature, since this depends on the internal energy.

When allowing the pan of hot water to cool, there is no work done as the water is simply cooling. It
loses enmgy as it does so. Thus Q<0. So, from thddw, AE;, is < 0, and hence soAS.

() A

p
(b) (a)
gt

(C) :> Sart
vV

>

There is rapid compression from position 1 to position 2 along (a)
There is a decrease in pressure at constant volume along (b)
There is alew increase in volume along (c).

Path (a) is adiabatic, as the process is fast and there is no time for heat to flow. So Q=0, but P and
both rise.

Path (b) is isovolumetric (or isochoric) and heat flows out of the gas as the temperature falls to 0;C.

Path (c) is isothermal because the expansion is slow enough to remain in thermal equilibrium with
the bath. i.e. it takes place at constant temperature.

When we return to the start, the gas is at the same state, so at the same internal energy.
ThusAE;y = 0, so from the%iLaw Q + W = 0.

Thus W =BQ = heat to melt the ice
= §(-0.2 x 3.33 10J/kg) = 6.66 x 1DJ/kg.

Since Q is < 0, as heat is lost from the gas to thevater, so that the work done on the gas, W, is
positive.



Question 3 11 Marks
3. €) Show thatx = A cosft+ ¢) describes the displacement of a system where the
restoring force is proportional to the distance from an equilibrium posxion,

(b)  What do the symbol&, w and¢ correspond to?

(c) Hence show that, for a streazhspring of spring constaktwith block of massn attached
at the free end, that the period of oscillationof the block is given byl = 2311/”%(.

(d) For this system, give expressions for the kinetic energy and potential energy oicthatbl
positionx, in terms ofA, m, kand¢.

(e)  What also is the total energy of the system at this posit®iniplify your expression and
comment on this value.

() Suppose thadt=5.00 N/m and the block has mass0.200kg, and is oscillating with an
amplitude of 10.0cm. If initially the velocity is 0.100 m/s in the negatigiection, determine the
equation describing the distancéom equilibrium as a function of time. What is the maximum
speed and acceleration experienced by the block?

Solution
€) Let thatx = A cos(t+ ¢)

Thenv = X' = —wAsin(wt + ¢)

And a= x"=#$>Acos($t + % = #$°X

So thatF, = mx” = -mwX, as required for the restoring force being proportional to the
distance from the equilibrium.

(b)  Ais the amplitude of the osaltion
w is the angular frequency
¢ is the phase angle (i.e. the phase when t=0)

(c) For SHM T=2v/w.
For a spring, wheré, = mx" = —kx with w*=k/m.

ThusT=2" \/%

(d)  KE at position x isl/2mv? =]/2m[—a)ASin(a)t +9)]° =Y 2mw?A*sin(wt + ¢).
PE at positiorx is 1/2kx? =1/2kA?coS (" t + #)

Thus, since k=m? then  KE = 1/2kA%sir’(ot+¢)
and PE = 1/2kRcos(wt+)
i.e. these are independent of the mass, and only involve A, ¢ and

(e)  The total energy E = KE + PE = 1/28 since siA+ co$ = 1.
This is fixed,as it must be for conservation of energy.



() k=5.00 N/m, m=0.200 kg, A=10.0cm
At t=0 v=BD.100 m/s withw*=k/m so thatv=(5.00/0.200}°= 5 rad/s.

Sov=y¥= "#ASInEt + )

[5.00 ..
V0] = -0.1=— [ =0 0-10sin(@)

i.e. sin(h)=0.2 so tha$=0.20 rads = 11.5;j

X = Acos(wt + ¢)

=10.0cos(5t +0.20) cm
Maximum speed i$’ A|=5#0.1=0.5m/s

Maximum acceleration i}mzA‘ =52%0.1=2.5m/s>

Thus



Question 4. 14 marks

(@)  Two travelling waves, moving in thiex andEx directions, are described by the equations
y=C sin(kxwt) andy=C sin(k«+wt), respectively. What do the symbé&landw represent, and how
are they related to the wave speed alongtlieection?

(b) Derive an expression for the wave resulting from the linear superposition of these two
travelling waves. Interpret thigjeation quantitatively with the aid of a labelled sketch.

(c) For a thin cylindrical pipe of length, open at both ends, and sound speeghow that the
frequency of the resonant modes of oscillation is giverf I@y% where n is an ieger, ! 1.

Sketch the first three resonant modes.

(d) Suppose that a small loudspeaker with frequency adjustable from 1 to 2 kHz is placed near
to, but not touching, one end of the pipe. The pipe has length 0.60m. At what frequencies will
resonance occ? Take the speed of sound to be 330 m/s.

(e) Describe how taking into account end effects will alter the resulting resonant frequencies
from part (d).

Solution
@) k is the wavenumber =@\, wherel is the wavelength
w is the angular frequency2r/T, where T is the period
v = wlk is the wave speed, for the disturbance travelling in eitherxtlor Ex direction.

(b)

Let y;1=C sin(kxwt) andy,=C sin(k+awt).

Then the sumy=y;+y,=C[ sin(kxwt) +sin(kx+wt)]

Making use of sinA + sinB = 2 sin(A+B)/2 q@sB)/2 then,
With A=kx-wt and B=kx+wt, we have

Y=2 sin(kx) cos{wt) = 2 sin(kx) cosgt).



Sum of two oppositely directed travelling waves

25:5 4 2Csin(kx) / ‘\
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Nodes are positions with no oscillation, so sin(kx)=0, henceskxwith n=0, 1, 2, E

Antinodes are positions with maximum oscillation, sin(kx}¥+hence kx(n+1/2)x with n=0, 1,
2E

Each element of the string oscillates in SHM given byt sgithin an envelope of amplitude
2Csin(ky.
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Shown are the first three resonances (or harmonics). Each end of the pipe is an antinods since it
open. We see thét=nc/2L where c is the wavespeed and n=1, 2, 3, E.

(d)

We have to find f in the rangdR kHz.
thatf,=nc/2L = n(330/2/0.6) Hz = n x 275 Hz.
So, the solutions between 1 and 2 kHz are, for
n= 4, 5, 6, 7

f= 1100 1375 1650 1925Hz

(e)

Including end effects we add a small distarcép each open end to indicate where the antinode
occurs

i.e. we effectively increase the length of the cylinder toe f62 resonance.

Thusi/2=(L+2¢) with f=c/\, so that f=2c/(L+2)

i.e. the frequency idecreased by a factor (L)L = 1+2¢/L.



Question 5. 8 Marks
(a) Suppose that a person (the observer) is moving at gpdeéctly towards a stationary source
of sound which emits waves of frequeri@t wavespeed in still air. Show that the freqoey

#, &
experienced by the persdn,is given by /"= 9 +v0(.
C

(b) A person walks at 5 m/s directly towards a stationary siren emitting sound at frequency
1,500 Hz in still air. What frequency will the person heai®e speed of sound may b&eda as

330 m/s.

(c) Suppose now that the siren is also moving directly away from that person at a speed of 20
m/s. What frequency will the person now experience?

Solution ¢
(a)
(> <+ ( X
Vobs c
Speed of sound ¢ =
Observer travels towards source at spegd V

Speed of waves relative to observer is now &gV

Wavelength is unchanged. Thus observed frequéhgiyen by f' = C+}t/°bs = f(c+v°b5)
C

(b) We have ¥ps= 5 m/s, f=1500 Hz and ¢c=330 m/s

He+V, & #330+5&
So "= f9 obs =1500’é67 Hz

C

Thusf=1523 Hz

¢+ Vo

c

(c) The general Bppler effect equation ig"= f where \bps and Vsource are directed

Source

towards each other.
In this case, Wps= 5 m/s and Wuce= -20 m/s as the source is moviagayfrom the observer.

$ 330+5 !

Thus f"=1500 30##202 =1436 Hz



