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The carrect answeris C because:

The speed of sound is dependent on the mediumit is travelling in,
therefore the cbserved speed of soundis v

o This eliminates opticnsBandD
The Doppler equation for a moving source and a stationary observer
is:

 rerfe)

g

Because the trainis moving away from the cbserver, the denominator
becomes (v+ ug):
r ( L3 ]
& ]
+
k‘h’ HS /
Substituting the value from the question gives:
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i:} rre Loty
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Simplifying gives:
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17

RO _E

"f_f(ls) 18

This is answer C

The correct answeris A because:

List the known quantities:
o Wavelength of hydrogenline, A= 400 nm=400x10""m
o Speed of galaxy away from the Earth,v=0.2¢
o Speedoflight=c
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e Thechange in observed wavelength, AAcan be calculated by:
Al v

0o —=—

A c
v 0.2¢
o Al=1x% o =(400x 1079) x e =(400x1079)x 0.2 =80x10~°

m
e Since the galaxy is moving away from Earth, Adis positive:
o Changeinwavelength, A'= A+ AA=(400x10"%)+(80 x10°%) =
480x10"?m=480nm
Bisincorrect as 320 nmis the answerif A'= A- AAis used

Cisincorrect as 80 nmis the change in wavelength, AA, not the observed
wavelength, A’

Disincorrect as 2000 nmis the change in wavelength obtained if cand v
inthe equation have beeninverted:
¢ (400x10%9)

o (400x1079) x e o3

=2000x 107" m

The whole question can be completed without converting Ainto m, which
makes the maths feel simpler!

The correct answeris Bbecause:

Vv
e The Doppler equation fora moving sourceisf' = f(v+u )

g

e Asthe caris moving towards the observer, the denominator
becomes(v-uy)
e Substituting 0.2vfor u; gives:

Y v 1
2 i :f(v—n.zv):f(n.sv):f(ﬁ):l'zsf

Aisincorrect as 0.80fis found when is used rather than ﬁ

Cisincorrect as 0.83fis found when +isusedin the denominator instead
of -
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Disincorrect as 1.20fis found whenv + ugisusedincorrectly as the
numerator, and v as the denominator whichis the equation fora moving
observer

4

The correct answer is D because:

* Thespeedof awaveis not dependent onthe motion of the source or
the observer, therefore the observed wave speedis v
o This eliminates options Aand C
e The Doppler equation for a stationary source and a moving observer

isf'zf(viuﬂ)

Vv
¢ Inthis guestion the observeris moving towards the source, so the
numeratoris ( v+ ug)
e This means ' will be larger than £

1
e Sincef« 7:an increase in fmeans adecreasein A

o This means the observed wavelength is less than A
o Therefore the answerisD

The carrect answeris C because:

AL v
e The equation for redshift for non-relativistic galaxiesis — = =

A
vA
¢ Rearranging gives Al = &

e Substituting in the values from the question gives:

vA  (3.00x108) x (530x1079)

¢ 3.00% 108

e This canbe simplified as the two examples of 3.00 cancelto 1, and
the powers of 10 can be simplified:

o Al=

o
vi  (1x109) x (530x10-9)
A e =(1x10-2) x (530 x 10-9)=530x 10-11
=5.3nm
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» Since the galaxy is moving away, wavelength willincrease:

o0 Ad=A+A'=530+5.3=5353nm
o ThisisanswerC

Aisincorrectas AA= A- A'has beenused giving 530 -5.3=534.7 nm

Bisincorrectas5.3nmisAAnot A’

Disincorrect as the indices have been evaluatedincorrectly, giving Adas
53nm

Being able to simplify indices is a vital skill. Remember that divided
indices subtract, and multiplied indices add their powers together.

The correct answeris C because:

» The frequency of light from the galaxy hasdecreased. therefore the
galaxy is moving away from the Earth
o This eliminates answers Aand B

A v

» The equationfor redshift for non-relativistic galaxiesis Tf .
' ; ; U_f l) ¥

o Af = f— f"whenagalaxyisreceding, therefore T e

G2

» Thisrearrangesto ;-

o ThisisanswerC

The correct answeris A because:
» The Doppler equation for wavelength as a source is moving is

u.’i‘
Al=A11+—
Vv

» Because the source is moving towards the observer the operatorin
brackets becomes'-".

uS
o A'=Al1——
v
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e Substituting in the value O.15vfor usfrom the question gives:

0.15v
o A =,1(1 — T)=,1(l —0.15)=0.854

o ThisisanswerA
H.—
Bisincorrectas1.15Ahasused A’ =1|1+ — |with + as the operatorrather
=

than -

Cisincorrect asratherthanusing the equation, 0.15 has just been used as
the multiplier for A

v
Disincorrect as 0.66A has beenfound byusing A’ = ,i[l + H—) This

i
o

evaluatesto A’ =}1(1+ )=T.6M

0.15v
8

The carrect answeris D because:

e |nthe Doppler effect, the spectral lines will allbe shifted in the same
direction
o This eliminates answerB
e Anobserver moving towards the source will cause the frequency to
increase
o This meansthe speactrallines willbe shifted to the left
o This eliminates answer A
e Atsuchlow speeds the changein frequency will be small, and
approximately the same shift will be observed for each spectral line
o This eliminates answer C as the shiftis too extreme forline Q@
e Therefore, the correct answerisD

P'P Q'Q

—
Decreasing frequency
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The correct answeris B because:

e Redshiftledto theideathat the space between galaxies is
expanding, not the galaxies themselves
o This eliminates answer A
¢ Redshift shows that most of the galaxiesin the universe are moving
away from a single point:
o This eliminates answerC
e Whilstredshift does cause achangeinfrequency, it doesn't cause a
change inspeed of electromagnetic waves
o This eliminates answer D
e [|tiscorrect that a greaterredshiftindicates a greater speed of
recession
o Therefore, the correct answeris B

Take extra care in questions that may appear simplethat small changes to
words haven't changed the whole meaning of the sentence! On first
glance anumber of these statements might appear correct.
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The correct answeris Bbecause:

o The Doppler equation for a moving observer and a stationary source

7 :f(v iuﬂ)

Vv

e Sincethe caris, sensibly, driving away from the T. rex the numerator
becomes(v-u,)

va—uﬂ"'
E =
Fail m

e Substituting in the values from the question:

TR (PRI s
o F=fl B /71 i Wl 10

¢ This canberearranged to give:

_ 33[]—1 330=165H
af—34ﬂx —zx - z

o Thisis answerB

Aisincorrect as the operator + has beenusedrather than -
Cisincorrect as 100.m s 'has been used for the speedrather than 10

Disincorrect as 100 m s~'hasbeentisedfor the'speed rather than 10 AND
the operator + has been used rather than -

In many films where a 1. rexchases a car, bothdinosaur and car are
moving. Luckily, you do not have to worry about relative motion when
both source and observer are moving!
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