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Tipler, problem 2-42
(a) p=300BRg/e; (Equation 2-38)

p=3001.5T,6.37x10%(1) = 2.87x10° MeVic

For E >>mec’, E = E, and E = pc (Equation 2-32) = E; = pe = 2.87x10° MeV
(b) For E = pe, u=c and

T =27nR/c = 2m6.37x10°my/c = 0.133s

Tipler, problem 3-1
First, compare this velocity with c, to see if relativistic effects are important.

v 2.5%x10°
C 3x10°8

=0.833x107% <1% (1)

This value indicates we can use non-relativistic formulas for momentum and kinetic
energy. From formulas for centripetal force and magnetic force

mv? mv
=qvB = r=

r T gB’
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[Compare with the relativistic version of this formula in Eq. (2-37).] All of the particles
in this problem have the same magnitude of charge, |e| = 1.6x10™° C, they all have the
same velocity v = 2.5x10° m/s, and they all move in the same magnetic field, B = 0.40 T.
We have to find the different masses of each one, substitute them into Eq. (2) and
calculate r. Let’s put all the data in a table. [The masses can all be found in the
Appendices of the book.]

PARTICLE MASS RADIUS OF PATH

Proton 1.67x10% kg 6.52x102 m

Electron 9.11x10* kg 3.56x10° m




Deuteron 3.34x10% kg 1.30x10" m

He* 6.64x10%" kg 2.60x10" m

H," 3.37x10%'kg 1.32x10 m

Problem 3: Tipler 3-5
Here is the solution given in the answer book for our textbook.

Compare the kinetic energy to the rest energy for this electron: (45 keV)/(0.511 MeV) =
8.8x102 < 10%. This is about the upper limit of validity of non-relativistic formulas.

a) First, find the velocity. (This formula is non-relativistic; the factors of ¢ are put in
solely to be able to write the electron mass in energy units, which we all know is
0.511 MeV.)

2 2
K =1mu? = imc? [Ej = 45x10° eV = (0511x10° ev)(ﬂj
C C

uy 2(45x10°eV) . u .
= = =1.76x10 = =4.20x10 (3)
c (0.511><106 ev) c

—~u=126x10° .
S

Find the radius from formula in preceding problem.

Cmu (9.11x10°* kg)(1.26x10° ms)

L =2.21x10° m. (4)

qB (16x10 C)(0.325T)

b) The period is the time to go around the circle once,

2(3.141)(2.21x10° m
T2 ( )( : ) =1.10x10™ s=0.110 ns. (5)
u 1.26x10° m/s
The frequency is

L 9.07x10° Hz =9.07 GHz. (6)

f =
T



However, this solution is highly suspect, because the speed of this electron is 45% of the
speed of light. Let’s do it relativistically.

The kinetic energy is Ex = 45 keV = 0.045 MeV, and the rest energy of an electron is
0.511 MeV, so the total energy is E = 0.556 MeV. Therefore

1
u 2

-(¢)
C

u 1 8

—= /1——2:0.394 so u=118x10° m/s. 8)

c v

This is quite a bit smaller than the value found above. The momentum is

0.556

E = ymc?® with y = ives y=———— =1.088. 7
/4 /4 gives y 0511 (7)

Then the speed is

cp=ymcu SO cp=ymc’ (%) =(0.556 MeV)(0.394) = 0.219 MeV,
©)

—  p=0219 MV
C

We get the radius from Eqg. (2-38), [r in m, p in MeV/c, q in number of electron charges]

P 0.219

= (300)(0.325)(1)

- _ — 0.00225 m. (10)
30084
e

The period is

2(3.141)(2.225x10° m
. 2rr _ ( )( i ) =1.18x107" s=0.118 ns, (11)
u 1.18x10° m/s

and the frequency is f = 1/T = 8.44 GHz. So there is some difference.

Problem 4: Tipler 3-11
a) The terminal speed when falling is

vV, =—, (12)



where the coefficient in the friction force is from Stokes’ Law

b = 6zna. (13)
Combine Egs. (12) and (13) and get
A;ra?’ V
v, :(3 p)o (2708 | o 23 (14)
6na 9 7§ 2 pg

In the 1% step, the mass was written as the volume of a sphere times the mass density of
oil. The specific gravity gives the ratio of the density of the oil to the density of water.
Put in the numbers and get

9 (1.8x10° N-s/m?)(5x10°° m/20s) . _
a= [— =1.66x10" m =1.66 micron. (15)
2 (0.75x1000 kg/m*®)(9.8 m/s* )

Now that we know a, the mass is
m= %na?’ p=1.44x10" kg. (16)

b) The ratio of these two forces is

F._neE _(2)(16x107" C)(25x10° NIC) . an
F, mg (1.44x10™ kg)(9.8 m/s* )

This is an interesting number (). If you compare the electrical and gravitational forces in
other situations, e.g. between the electron and proton in a hydrogen atom, you get a huge
ratio, approximately 10%°. Part of Millikan’s cleverness in this experiment was to get a
small amount of charge (a few extra electrons) onto a mass of “macroscopic” size.



