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The correct answeris C because:

e Thespeedof soundis dependent onthe mediumitis travelling in,
therefore the observed speed of sound is v
o ThiseliminatesoptionsBandD
e The Doppler equation fora moving source and a stationary observer
is:

< rerfe)

e Because the trainis moving away from the observer, the denominator
becomes (v+ Ug):
I ( - )
s
k‘ﬂ + us J
e Substituting the value from the question gives:
( v ) v
[m} r = —
f f v+ f v

l‘k L 4+ —
Y 17

e Simplifying gives:
b B TR
o T wm i s
\ WY
(17 17
l: — =
Rt us) 18

Thisis 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 fromthe Earth,v=0.2¢
o Speedoflight=c
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e The change in observed wavelength, AAcanbe calculated by:
Al v

0=

A c
v 0.2¢
o Ad=1x =i (400 x ]{}‘Q)XT =(400x1079)% 0.2 =80x10~°

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

Bis
incorrect as 920 nmis the answerif A'= A- AAisused

c
isincorrect 80 nmis the change in wavelength, AA not the observed

as wavelength, A’

2000 nmis the change inwavelength obtainedif candvin
D the equationhave beeninverted:

incorrect as ( -
c 400 10~9)
—g =
o (400x1079)x g 02

=2000x 10" m

The whole question canbe completad without converting Ainto m, which
makes the maths feel simpler!

The correct answeris B because:

Vv
» The Doppler equation for a moving sourceisf' = f(v+u ]

&
e Asthe caris moving towards the observer, the denominator

becomes(v-ug)
e Substituting O.2vfor u; gives:

v v 1
s :f(v—u.zv):f(u.sv):f(ﬁ):l'zsf
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Ais
; 0.80fis found when f % 0.8 isused ra'therthar‘.L
incorrect as 0.8
c , : . ; :
s 0.85fis foundwhen + is usedin the denominatorinstead
isincorrect
as
Dis 1.20fis found whenv + U isusedincorrectly as the

I
) numerator, and v as the denominator whichis the equation
incorrect as i

foramoving observer
4

The correct answeris D because:

s 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 Dopplerequation fora stationary source and a moving observer

isf':f(Viu”)

Vv

¢ Inthis guestion the observeris moving towards the source, so the
numeratoris( v+ Ugy)
e This means ' willbe larger than f

e Since fﬁI’ anincreasein fmeansadecreaseinA

o This means the observed wavelengthisless than A
o Therefore the answerisD

The correct answeris C because:

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

i
vA
¢ Rearranginggives Al = =
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e Substituting in the values from the question gives:
vA  (3.00x108) x (530x1079)
& 3.00x 108
¢ This canbe simplified as the two examples of 3.00 cancel to 1, and
the powers of 10 can be simplified:
o

o Al=

v (1x108) x (530x10-9)

o ) iy -5 = -11
Al= — e =(1x10-2) x (530 % 10-)=530x 10

=5.3nm
e Since the galaxy is moving away, wavelength will increase:
o Ad=A+A'=530+5.3=535.3nm
o ThisisanswerC

Ais

: AA=A-A'hasbeenusedgiving 530 -5.3=534.7 nm
incorrect as

B

IS Incorrect EZnmisAAnot A
ds

Dis
incorrect as

the indices have been evaluated incorrectly, giving Adas 53
nm

Being able to simplifyindices.is.a vital skill.Rememberthatdivided
indices subtract, and multipliedindices add theirpowerstogether.

6

The correct answeris C because:

e The frequency of light from the galaxy has decreased, therefore the
galaxy is moving away from the Earth
o This eliminates answers Aand B

A v
» The equation for redshift for non-relativistic galaxies is Tf =
r
e v
e Af = f— f'"whenagalaxyisreceding, therefore v ff ) ~i
_ gy
» Thisrearrangesto %c =v
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o ThisisanswerC

The correct answeris A because:

» The Doppler equation forwavelength as a source is moving is

u.’i‘
A'=Al1x—
v

« Because the sourceis moving towards the observer the operatorin
brackets becomes'-"

u.'.i'
o A'=4|1-—
Vv

» Substituting in the value O.15vfor u:from the question gives:

0.15v
o A =,1(1 - T)=1[1 —0.15)=0.854

o Thisis answer A

iU
Bis 1.15Ahasused A! =,1(I + —S] with + as the operator rather
incorrect as ¥
than -
C

isincorrect ratherthanusingtheeguation, 0.15has just beenused as
as the multiplier for A

v
Dis 0.66A has been found by using 1" = ,1(1 . 3 H—) This

. 5
Incorrect as

Evaluatesmi'=i(l + )=?.6'Ll

v
0.15v

The carrect answeris D because:

e |nthe Dopplereffect, the spectral lines will all be shifted inthe same
direction
o This eliminates answerB
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e Anobserver moving towards the source will cause the frequency to

increase
o This means the spectral lines 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 foreach spectralline

o This eliminates answer C as the shiftis too extreme forline @
o Therefore, the correct answerisD

PP Q'Q

g
Decreasing frequency

The correct answeris B because:

e Redshiftled to the idea that the space between galaxies is
expanding, not the galaxies themselves
o This eliminates answer A

e Redshift shows that most of the galaxies in the universe are moving

away from a single point:
o This eliminates answerC

e Whilst redshift does cause achangeinfrequency, it doesn't cause a

changeinspeed of electromagnetic waves
o This eliminates answerD
¢ [|tiscorrect that a greaterredshiftindicates a greater speed of
recession
o Therefore, the correct answeris B

Page 6

Take extra care inquestions that may appear simple that 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 B because:

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

o =f(viu”)

Vv

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

"rv—uﬂ\*
.|:|. =
f fk 5

e Substituting inthe values from the question:

) "r"—“a“_]_m 340-10)_ (330
o f =Ry )~ Vx| ekl > 1o

¢ This canberearranged to give:

Dl 33[]—1 330=165H
uf—34nx =5 x330= z

o Thisis answerB

Ais

: the operator + has beenusedrather than -
incorrect as

C
isincorrect
as

100 m s 'has beenused for the speed ratherthan 10

Dis
incorrect as

100 m s 'has been used for the speed rather than 10 AND
the operator + has beenusedrather than -

Inmany films where aT. rexchases a car, both dinosaur 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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