PHY 251 Spring 2008: homework problem set 2, due Thursddy, Fe

Serway problem 1.24
Answer: As seen from earth in fram®,, we havev; , 4 = 0 andv, , 4 = —0.90c. If we shift
into the frame of shipB, we need to do a frame shift of= +0.90c (we always define the
frame shift axis to be in thé&direction, and in this case it agrees with the problem’s dedim
of the Z direction). With that frame shift velocity, we can also adéte the Lorentz factoy:

! = L = 2.29.
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We can now use our relativistic velocity transformationgtofrom velocities observed in
frameS; to those observed in frante:

Vg — U Oc —0.9c 0.9
Upy = = = —0.9¢c
> 1 —ovvy,/c2 1—(0.9¢)(0c)/c?
U1y —0.90c¢

= —0.39¢

V2,y

L= wvvi./c2] ~ 2:29[1 — (0.9¢)(0c)/c?]

We then have a net speedwt= | /v2 4 v2 = (\/(—0.90)2 + (—0.39)%)c = 0.98c.

Serway problem 1.26
Answer: Your mantra should be that distances contract and time dows. \We observe a
length for each spaceship if v. Now we know that the proper lengths differ by a factor of
three, which we’ll write ag; = 3[, and since we see the same length for both we know that
spaceship 1 is traveling faster relative to us than spagésis. The lengths we observe are
the same due to the two different velocities of the two spapssor
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so the fast spaceship is going at a speedl @ic.

Serway problem 1.33
Answer: At the moment when the spacecraft is halfway between eadiTau Ceti, it is at
both the halfway point in the 12 lightyear journey that we Vdomneasure from earth, and
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the halfway point in the length-contracted distance on theeaship. [Withd = 4/5, we
havey = 5/3 as shown above so the total distance seen by the spaceshijf{33$3) = 7.2
lightyears.] The point of the problem is that if one sees $iameous flashes of light from
both stars simultaneously while at the halfway point, thethistars exploded simultaneously
because there was an equal light transit time to the halfwayt.pThe speed of light is the
same in all reference frames

Serway problem 1.34
Answer: As with problem 1.19, we’ll say that our frame on earth is feath, and the frame
traveling with the right hand rocket is frant®. We’'ll denote the left hand rocket as rocket
A, and the right hand rocket as rocket

a. To find the proper lengths of the two rockets in their owmiea, we need to determine
the two Lorentz factors:
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We see a contracted distance relative to what those on eelobtigee, so rocket has
alength in its own frame df0 - (5/3) = 250/3 meters, and rockd® has a length in its
own frame of50 - (5/4) = 250/4 meters.

b. To look at rocketd from rocketB’s point of view, we must move framg; to the left
by v = —0.6¢ in which case the speed of rockétbecomes
vpa—v 08— (-06c)  1ldc

L—voa/@  1—(—06c)(0.8¢)/2  1.48 ¢

V2,4

The corresponding Lorentz factorjs=1/,/1 — (.946)2 = 3.08. The length of rocket
A as viewed by rockeB is rocket A’s proper length of 250/3 meters contracted by
7, or (250/3)/3.08 = 27.0 meters. Similarly, for rockeB as viewed by rocketl we
first have to work out the velocity in a different frant® which is now moving by

v = +0.8¢ relative to earth’s framé);:

_ uvp—v _ (=0.6¢c)—(0.8¢)
1—ov /e 1—(0.8¢)(—0.6¢)
which, not surprisingly, gives us the same approach veland therefore the same

Lorentz factor. As aresult, the length of rockeas seen by rocket is (250/4)/3.08 =
20.3 meters.

= 0.946¢

V2.B

c. To us on earth the two rockets are closing towards each wittea relative velocity of
1.4¢ so they will collide in a time of

T 2.52x 107

. =149 99 % 105 = 6020 seconds
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or 1.67 hours.

d. From the point of view of rocked, the earth-measured separation distance is reduced
by a factor ofy 4, and rocketB approaches by a speed @b46¢, so the time before

collision is 12/(5/3)
T 2.52 x 10 5/3

= - = = 5350 seconds
) 0.946 - 2.99 x 108

or 1.49 hours.

e. From the point of view of rocke®, the earth-measured separation distance is reduced
by a factor ofyg, and rocketd approaches it by a speed @H46¢, so the time before

collision is 12/(5/4)
T 2.52 x 10 5
=— = = 7130 seconds
) 0.946 - 2.99 x 108

or 1.98 hours.

f. From the point of view of the crew on rocket A, 90 minutes dsQhours in their own
frame of reference is not quite enough time to evacuate tipebgtfiore collision.

Serway problem 1.36
Answer:
A) We could just do this first part by saying time dilates, laitd set it up in more detail to
make part B easier. Let's say that Suzanne is in frémend Mark is in the framé, that
IS moving at a speed relative to Suzanne. Suzanne sees two light pulses fromatine s
location; we’ll set the origin of frameS; to be there so that we hawg 4 = 215 = 0.
Susan sees the events separated in time accordingte: (t; 4 + 7 ) wherer;, = 3.00 us.
Mark, on the other hand, seéss = (t1.4 + 72) wherer, = 9.00 us. Using the Lorentz
transformations for time, we can write the time differencg — ¢ 4 in Mark’s frame as

top—toa=17 = ~(tip— le,B) —Y(t1,4 — le,A)
= 7 (tl,A + T — éO) — (tl,A — EO)
c c
Ty = 1.

From this we find thaty = 75 /7 = 9.00/3.00 = 3.00, and and we can then use this to solve
for 3:

1
(-
1-52 = 1/9°
B = J1-1/2=/1-1/9=094

as the velocity of Mark as seen by Suzanne.
B) To find out the distance separation in Mark’s frame, we ne@alculaters 4 —x2 p = Xo!

X2 =Toa—Top = 7Y(v1,4—vt1a)— V(T — V1 B)
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= Y[(0—vt1,4) = (0 —v(tia + 1)) =7 [v7]
= yfer =2.29[0.94 - (3.00 x 10° m/s) - (3.00 x 10~° 5)| = 1940 meters

Serway problem 2.6
Answer: We have )
v

ymﬁ = quB = p=ymv =qBR

If we're given B and R in mks units, we can calculatgB R in mks units for momentum
(kg-m/sec). We then want to seBR in mks units equal to some numbgrin units of
MeV/c:

T . MeV.] 105eV 1.602 x 107 J c
1.602 x 107" C)BR = ) . )
(1.602x 10" C)BR _pm( c )_ MeV eV 3 x 108 m/s
T . MeV. T 106 . MeV 1
B == n . — n PO
Ro= pin(=—)] 357 [p' ( )] 300
T . MeV.]
300BR = |pin( Ce )

Serway problem 2.8
Answer: The proton rest energy isc? = 938 MeV. We have

1 1
T JI-00%2

so the total energy ismc* = 3000 MeV and the kinetic energy igy — 1)mc*=2060 MeV.

= 3.20

Serway problem 2.11
Answer: We haveE), = (v — 1)myc® = 50 GeV, or

By 50,000 MeV
=1+4—==1 = 54.3.
7 * moc? i (938.3 MeV/c?)c?
Its speed can then be found from
ﬁ:(1—1/72)1/2:1—i:1—¥:1—1.7><10—4
22 2 - (54.3)2

S0 it's traveling very close to the speed of light. I1t's mucbrmaccurate to report the differ-
ence fromg = 1 than to say what the speed is in meters per second where a odaaelr
solution would have to look carefully at the difference fivgits down . .

Serway problem 2.14
Answer: SinceE = mc? we can find the mass equivalent with

E  40x10%J 1 0
Z : . Bx 107 4.4 x 107 kg/s

m =



At this rate, the sun will shine for

2.0 x 10%° kg 1 day 1 year

: : = 1.4 x 10" years
14x10°kgls 24-60-60s 36525days Y

Of course the rate of radiation would probably decline withssiloss so it would taper off
rather than burn constantly to the endBut stars collapse and explode before that happens.

Serway problem 2.15
Answer: The kinetic energy of an electron with = 511 x 10? eV/c? is ¢V so we have

v = (=D

qV
mc
qv 5 x 104 eV
=4 g 2200 BV o978,
i Tt T x10%ev

The speed can then be found from

B=1/1—1/42=/1—-1/1.09782 = 0.412.

If we do this classically we find

1 1
qV = 5™ ——m02 2

2qV 2-5x 104
b= \/ch \/511 x 103 = 0442
The difference is then about 6.8%. This will probably afféwt size of the electron beam
on the TV screen because the electron focusing optics wilbaauite set right. A bigger
scanned electron spot on the phosphor will make the imagesappzzier (pixels will blur
into each other). It will also affect the brightness of theage because the amount of light
given out by the phosphor is proportional to the energy ofdleetrons slamming into it.
It will not affect the color of the image because that's determined éydtpant atoms in

the phosphor; some phosphors are designed to glow red whiedxothers blue, others
green..

Serway problem 2.18
Answer: The mass of an electron in atomic mass units is
lu

511 x 10% eV/c? - = 0.000556 u
% /¢ B 191 < 100 eV 2

The mass differencAm is then given by

54.9279 U = (54.9244 U) + (0.000556 U) + Am
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giving Am = 0.0028 u which we can express in MeV as

931.494 MeV/c>

0028 u) -
(0.0028 u) o

= 2.608 MeV/¢?

We then go from an atom at rest to an atom and electron flying/ dmen each other.
Because the atom is massive and the electron is very lightldttron will carry nearly all
of the kinetic energy so its maximum energy will be about 8.8&V/c?.



