PHY 251 Spring 2008: homework problem set 3, due Thursday, Ze

Serway problem 2.21
Answer: Conservation of energy gives

(Eg +mec?) + mec® = 2E,

because we go from an electron with kinetic eneffgyand the mass-energy of the electron
plus the positron (same mass as electron) to two photonseotichl energyE,. Since
m. = 511 keV/c* we haveE, = (1.000 + 0.511 + 0.511)/2 = 1.011 MeV. Note for the
electron we have

Ex = (y—1)m.c®

E 1.
k :1+ﬂ:2.957

~
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from which we can find3 = /1 —1/92 = 0.941. At the same time, conservation of
momentum gives

Pe = 2p,cosf

E
ymev = 2= cosf
c

vBm.c* = 2E. cosf

cosf) = 776771802
- 2E,
 iBmec®y  1,2957-0.941-0511y o
0 = cos (72E7 )—cos ( 5 1011 )—cos (0.703) = 45.3

Serway problem 2.23
Answer: The energy of the intial particle i8 = mc? or

1eV

. =1. 10° eV
1602 x 10wy 8 xloe

E=(3.34x 107%7) - (3 x 10%)?

or £ = 1.88 GeV. This goes into the total energy of two particles follogihe decay:
E = ’Ylm102 + ’7277’1202

The two particles fly off with equal and opposite momenta. Wewk3; = .987 sovy; =
6.22, andg, = .868 sov, = 2.01. We can then say

71m10251/0 = 72m20252/c
V232

2
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m = m



Substituting this into the expression for the total enenwgg/have

E = 71m20272—ﬁ2+72m202

Y191
= Yamaoc? (1 + %)
mac® = (1 +E52/51) ~ 201 (118i 22!/.987) =050 GeV
Now that we known, we can findm;:
my = me 2222 — (0,50 Gevyet) 20088 1) Gevye2

"B 6.22 - 0.987

That is, 500 MeV# and 140 MeV#2.

Serway problem 2.27
Answer: The total energy supplied is

J : S
(1.20 =) - (50 min) - (60 ——=) = 3600 Joules
S min

which has a mass equivalent in mks units of

E 3600
=—=———=403x 10"k
M2 T 299 % 109 8 g
or (4.03 x 107)/0.025 = 1.61 x 107! as a fractional mass change. This mass change is
too small to be measured.

Serway problem 2.28
Answer: The total energy supplied is

1.2 Joule
(7u3 - (50.0 - 60 seq = 3600 Joules
sec

The mass equivalent is found frataZ = (Am)c? to be

AE 3600 Joules
Am = = =4.00 x 107"k
T2 T (300 x 10° mis? . g

which is a mass fraction dft.00 x 1074 kg)/(0.025 kg) = 1.6 x 107'2.

Serway problem 2.31
Answer: I mislead you on this one in recitation! We’'ll see that theeetavo different Lorentz
factors involved; we’ll use subscripts to denote them byrthelocities. Here are the steps
to our solution:



1. In our frame, we saw momentanv before the collision of

_ m(+u) N
b \/W u
(m/3)(—u) 1

p2 pry pry ——’}/umu
/1 — (—u)?/c? 3
where we realize that both momenta involve the same Loratoify,. The net mo-
mentum in our frame before the collision is therefore
1 2
Pbefore = P1 T P2 = (+1 - g)%mu = g%mu

where of course,, is a simple function of;. We also see a total energy of

1
Eretore = B1 + Eo = f)/umcz + ’Yugm02 = g’}/um02.

2. After the collision, in our frame we will see a momentumM/ v’ for the combined
massM, so we have

2
Poefore = Pafter = g%mu = %/Mu'.

so if we can find.’ we can findM .

3. The problem now reduces to finding a frame shift velocitigat puts us into the center
of momentum frame before. Once in that frame, we realize ilhawill have zero
velocity after so that frame shift velocity is precisely afjto the velocity we see for
M after the collisionw = /.

4. Using the momentum transform relationspip= v, (p; — vE;/c*) = 0, we have

2
P2 = 0 = DPubefore, shifted = Vv (pboforo - UEbcforc/C )

2 4,0, 2 4
= Y (§%mu — vgme /c ) = Ypm (§%u — gv)
giving —v = g%u
or v = lvuu
2

or since we said = «' we have

A S S
T 1—u2/c?
from which in turn we find
9 1 u?
u —
41 —u?/c?



and
1

W

5. Now we return to step 2 where we found

= grunge

2 1
§7umu = ’Vu’Mu, = ’}/u’Mifyuu
2
gm = ’}/u/M
2 1
= —m =
3 Y

Must grunge out the last bit of algebra.

Textbook gives an answer of
M= 2m 14— (u?/c?)
3\ 1—(u?/c?)
Serway problem 2.33
Answer: The energy added is

AE = (1.79 x 10'7 J/9) - (365-24 - 60 - 60 S) = 5.64 x 10** J

so the mass increagemn would be

AE 5.64 x 102 J
Am = — =6.27 x 10" k
=T T (3.00 x 105 mis)? x0T

or a fractional mass increase @f27 x 107)/(5.97 x 10**) = 1.05 x 1077,

Serway problem 3.6
Answer: The Planck length is

(@)5 - ((6.626 x 10731 kg - m?/s) - (6.673 x 10~''m? /kg*/s?)

= =4, 107% m
3 (2.998 x 108 m/s)3 0510

The Planck time works out t0.35 x 10~** seconds, and the Planck mass works out to
5.46 x 1078 kg. These Planck scales turn out to provide natural scafimgtheories of
guantum gravity (quantum mechanics plus general relgjivit

Serway problem 3.8
Answer: The energies can be found frafh= hv (usingh = 4.136 x 10~'° eV - sec) to be

a) 2.07 eV for red visible light with a frequency 6fx 10 Hz.
b) 4.1 x 107° eV for 10 GHz which is a microwave communications frequency.

4



€) 1.2x 1077 eV for 30 MHz which is at the low end of a VHF radio frequency daised
in communications.

Serway problem 3.12
Answer: The energy per photon 8 = hc/ ) so the photon flux i$?/ E or

10J/s 10 Jd/s
he/X  [(1240 eV - nm)/(589.3 nm)] - (1.602 x 10-19 J/eV)

= 2.97 x 10" photons/sec

Serway problem 3.14
Answer: We havep = 2.24 eV, and
he 1240 eV - nm

Kehy—op=_ - 228V 500 130eV
YUY TN 350 nm

and the cutoff wavelength (whe¥€ is zero) is found from

hc_ B hc_ 1240 eV - nm

= = A = = 554 nm
N7 E 2.24 eV

Serway problem 3.15
Answer: The cutoff wavelength is when the ejected electron has zeetik energy, giving
hf =hc/A=por

N @ _ 1240eV-nm:295 am.
© 4.2 eV

If instead we have a wavelength of 200 nm, the kinetic enefgjyeoelectron would be given

by
he 1240 eV - nm
A S T

so a 2.0 Volt potential will stop a 2.0 eV electron.

—(4.2eV)=2.0eV

Serway problem 3.20
Answer: We can write the following equations, realizing that the kvlmction is the same
in the two situations:

he
Eyw = — —
k,1 2\
he
Epy = 2——
k,2 2\
If we subtract the first equation from the second, we Waye — Ej.; = (hc)/\ or
\ = _ he
Eyo— Ei
We can then substitute this in the first equation and solvéh®work functiony:
hC Ek72 — Ek71

=5 = Bia=he — By = Eys — 2B, = 4.00 — 2-1.00 = 2.00 eV.

he



