
 

Third SR Homework Solutions

Problems 3 8,3 9 and 3 10

Problem 3 8 terenkov Radiation
a

First drawjust the particle motion without the light
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Next add a circle with radius Veightot representing

of where the light emitted
T at time t has
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Hightest

Then add the tangent to the circle Bc
and a radius that is perpendicular to
the tangent AC Then focus on just the
triangle f p p gqnot.iertekItioIfhefinwesaretfontis

going not what I might
lightOt have chosen to call the

io s 7 T s z s s s half angle ofthe light cone
A Vparticle Dt adjacent

since it is a right triangle with A Height at
aypo9ennu.de

H Vpauticleot we have
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b In Lucite weight 33 25 3.3 1083
To have Eerenkor radiation 2 108F
the particle must be going faster
than Veight The absolute maximum
speed that any particle can go is anything

just less than e 3 1083 Using the

limiting case of c itself even though it
can never be attained for Vparticle we have

cos of h 3 D cos 25 480

mummy
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3 9 Aberration of Starlight

a It seems we should analyze in sunframeto get 4 photoat

Earth
Direction telescopemustpointto
catch photons vAut f photon

t tool Earth at ttot as at'Ist



3 9 a cont'D 0 Vearth At A VphotonDt

tant f Kantha cot

cot

Veazth Vearth in unitswhere e 1

We have found the direction the telescope
must point in the End
In the Earth's frame we get a different
answer star at t 0

g
a c photon at t

star
Hatttist

Ed photon at ttot
D rear thot H cot

sin 4 Vea
Veareth Vearth
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Don't we want to know the
in unitszfge

angle of the telescope in frame
So the secondformula is the one we want
b Plug in numbers

earth 30km4Y sin Vearth Tim
sin I 10 4 10 4

The sin of an extremely smallangle isjustthe angle in radians So
4 10

4 radians



3 9 b cont'D y
multiplyby 1,8

Convert to degrees get 4 0.0057 degrees
convert to minutes of arc 4 0.34 minutes ofarc

c multiplyby60Convert to seconds of arc 4 21 seconds of arc
c Compare Sun frame formula with

naive not the angle we

with Earth frame formula
measure

0He tan 0.001 0.005729577932 mycalculatordisplays4 sin 0.001 0.005729577960 Io sigfigs

The absolute bestangular measurement only last
are made by the Gaia satellite two differ
which is the successor to the Hipparcos
satellite It can do angles between stars to about 15
radians That's 0.000000000600 Notgood
enough for two reasons i it's Zox as big
as the effect we are looking for and 2 that's
its best measurement of the angles between stars
As far as I know it cannot measure absolute
angles with this precision
d Re evaluate with Vrocket 0.5

4 tan 0.5 26.560 Sun frame
4 s T 0.5 300 Rocketframe



3 to a Expanding universe
of proper time betweenflashes time in

frame of emitter
trecept time between flashes as

observed by receiver
Space time diagram in receiver's frame
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lw Vtragmentot ot our
1 Vfrajment

we don'tThe second photon nave to
has to go Vfragment lot further re derive

this

So it is received not just of later but
Ott Vfragmentut later

Now rewrite this in terms of OT

Otreception t Vtragment 0T
factor

Fragment
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µt Fragment 1 Fragment

V t or I will discuss thediscussion
1 Vfragment part of 3 9 a in class
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3 9lb I will also discuss this discussion
question in class

c Quasars have been seen with Otreception

What is Vquasan

59

Call the ratio y Solve

y fo Vfragment by
1 Vfragment first squaring eachside

yz ltVtrasment fk Vfragment
I fragment It Vfragment

f I ft Vfragment

Fragment
Y 0.944
yet I

Almost 95 the speed of light


