PHY 251 Spring 2008: homework problem set 5, due ThursdayciMé.

Serway problem 4.3
Answer: In the apparatus, we have

1% Av
F = _— = —y
v =T T A
and we also have, = ¢/ At or At = (/v,. Therefore we can write
qV At qV /
Av, = =— .
Yy md md v,
We can then figure out the angle
vy qVe q dv?tan
tane_vx_mdv:% SO e

Now from the magnetic field cancelling the electric field wa say

ﬂ— v, B SO U_L_ 2000
a9 *T Bd 457 x10-2-0.02

which means relativistic effects are small€ 1.000 027). We can also substitute this result
for velocity into our expression far/m:

=2.19 x 10° m/s

¢ d V2 v 2000 .
=L tanf = —— tand = tan(0.2) = 9.7x107 C/kg,
m - vimEE ™Y = gm0 = 510 000 (157 < 102 n(0-2) = 9.7 g

A proton hasy/m = 1.6 x 10719/1.67 x 1072" = 9.7 x 107 so it seems like we have a good
candidate. .

Serway problem 4.4
Answer: This is a bit like the example we did around slide 20[@Ciure 8 The electric
field the electron experiences when it travels between tloeptates ist, = V//d, and the
acceleration it experiencesis= F/m = qE/m = ¢V/(md). Since we expect, <
vz, We can say that the time that the electron experiences ¢hiexation isAt = ¢/v,.
Consequently the electron receives a velocity kick ingtldgrection of
qvV !
—a At =1 .
Uy = Gy md v,
so that its anglé leaving the field region i8 = v, /v, = y»/D (the latter by geometry in
the small angle limit) or
vty _ 4V
D v, mdv?
which can be solved fay, to give
_qV Dt

5
mdv?




We can calculatg, from the distance traveled under constant acceleration or

qV 1?

_Lav e
© 2mde?’

2md

()"

1
y1 = §G(At)2

Now sincey = y; + y» we have

qvVe>  qV DL  q VI

2 2 o do?
2mdv? = mdv:  m dv?

Yy = Y1ty = (D+¢/2)

q ydv?
m  VID+)2)

Serway problem 4.5

Answer: First consider the velocity selector:

V
q qd qu SO v Bd

Now consider the geometrical problem: we have

[
r? = 12+(T—y)2:l2+7’2+y2—27‘y
oy = P4y ; / Y
B l2+y2
"o 2y I"-y 9 r

which is what we were asked to prove.
Now the difference in effects between relativistic and mdetivistic forces can be expressed

in terms of finding a value of other than 1 in the following expression:

U2

ym— = quB
r
gBr  ¢B’rd  qB*d I +y?
mv  mV  omV 2y
1.602 x 10719 0.01772 - 2.51 x 10~ 0.02472 + 0.0024>

9.11 x 1031 - 1060 2-0.0024

’)/:

Since this is noticeably different from = 1.00, relativistic effects are crucial for a correct
explanation of this experiment.

Serway problem 4.8

Answer: Our answer will be based on Serway Eq. 4.16 of

k2Z%e*NnA

A = R ) s (6)2)




A. If we compare various angles we have a ratio

An(new) _ 1/sin’(dnew/2)
An (original) 1/ Sin4(¢original/2)
1sin’(dnew/2)

An (new) = An (original)

1/ Si]flzl(ﬁboriginal/Q)

Sin4(%riginal/Q)
Sin4(gbnew/2)

100 particlessin®(20°/2)

- minute  sin?(40°/2) 6.65

= An (original)

followed by60° — 1.45, 80° — 0.53, and100° — 0.26.
B. If we consider the kinetic energly, = %mavg, we see that the scaling is

An(new _ 1/(Epnew)’
An (original) 1/(Ek,original)2
- Ly original\2 100 particles, 12

C. When changing from gold to copper, we need to worry about tiebeiar chargeZ, and
the number of nuclei per ared (which for a foil of thickness is

N atoms_ p (glen?) - t (cm) - N4 (atoms/mol
area A (g/mol)

of which N4 is a constant and the thicknelss assumed to be the same for the two foils).
As a result, the scaling from gold (old) to copper (new) gaes a

An (new)  p(new - Z (new)/A (new)
An (original) ~ p(old) - Z (old)/A (old)
8.9 -29/63.546

= =0.525
19.3-79/196.97

so the count rate would change from 100 particles/minut@tb particles/minute.

Serway problem 4.9
Answer: The electrostatic force i8 = kq14./r* so the work needed to bring the charge of
anq particle from infinitely far away to a distanegrom the nucleus is

oo o 1 -1
W = / Fdx:/ﬂhch/ ﬁdﬂ:k%% (—)|$O
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When this equals the kinetic energy, the particle will stod &urn around or be deflected
to the side, and Rutherford’s expression (which is baseslysoh Coulomb repulsion) will
hold. If instead the particle experiences some other faucé as a nuclear binding force at
this distance, then there will be deviations from Ruthet®law. So, what we want to do is
to set the energy calculated above to be equal to the kinetigg £, of the o particle and
solve for the distance:

1
B, = qiq2 1

dmeg 1
U N (2¢)(Ze)
dreg By, dreg By,
2-29-(1.602 x 10719)2

A - 8.85 x 10-12 - (13.9 x 105 eV) - (1.602 x 10-19 J/eV)

= 6.01 x 10~ meters

where we have been careful to use mks units throughout tangatswer in mks units.

Serway problem 4.13
Answer: The general Bohr formula is

he 9 1 1
or,with” =1,
h 1240 eV - nm 1 1
- 0 = 0889 = |5 — —|.
ANEy  (102.6 nm) - (13.60 eV) n?  n?

The Lyman series involves, = 1 (for absorption, of.; = 1 for fluorescence) and the values
for the right hand side of the above expression are 0.88880.9for ny = 2,3, .... Thatis,
the only value of, that works isn; = 2. If we were to makey; = 2 or higher, we'd have
1/2% = 0.25 or lower for the first term on the right hand side and we alwaystrhave the
other state be a higher state number so there’s no way wefdjeva value fof1/n7 —1/n7|

as high as 0.889 for any other combination but [1,2].

Serway problem 4.14
Answer: The radius of an electron’s orbit in the Bohr model is
n? K2 1

redy o meke? 47eg

The Bohr model (and also the Schrodinger equation, whictvilsoon come to) is done in
the classical limit, so we can say that the kinetic enerdy i&)mv?. In examining Serway
Eq. 4.25 we find that the net binding energy of an electronvisrgby the potential plus the
kinetic energy, or , ) ,
E=Kyu="tC he_ ke
2r r 2r

4



so that the kinetic energy is the negative of the total enérgys we can say that

ke? 1,
o 2
ke* m.ke* Z o,
> 12 3 = —MeV
2 h® n 2
, ket Z
T T

keQ\/?_ 1271'62\/2_ e 7
hon Cdmeg b on 2eh n

v VZ (1.602 x 10719)? V1
b= ¢ 2hc n 2-8854x10712-6.626 x 10-31-3.00 x 10 [1,2, 3]

or 0.00763, 0.00382, and 0.00254. Because these valugarmaf all quite small compared
to 1, we are quite justified in using nonrelativistic meclgsani

v o=

Serway problem 4.16
Answer: A Li%* ion might start out life as a Li atom witll = 3 protons in its nucleus
and 3 electrons; take one electron away and you have singiged lithium or Lit, and
take two away and you have doubly ionized lithium of*Li You are then back to a pretty
accurate picture from the Bohr model, because you have pesetectron to worry about.
The energies are given by

Z? 32
n n

ork, =—-1224eV,E, = -30.6 eV, E3 = —13.6 eV, andE, = —7.65 eV.

Serway problem 4.19
Answer: The energy of the photon is given by the energy difference/den states:
B B —EyZ? —EyZ? B 5 (1 Iy 9

or 1.89 eV. The wavelength is = he/E = 1240/1.89 = 656 nm and the frequency is
v=c/\=4.57 x 10" Hz.

Serway problem 4.24
Answer: The energy of the photon is given by
1 1 1 8
= — 2 _ — — = — 2 —_ — = — =
E=—EzZ (32 12) (13.61 eV)(1%) <9 1) ~(13.61 6V) = 12,10 &V

so that its wavelength is = he/E = (1240 eV - nm)/(12.10 eV) = 102.5 nm. The photon
carries a momentum @f = £/c = 12.10 eV/c or

E  (12.10eV) - (1.602 x 1071° J/eV)

_r =6.48 x 1072 kg - m/s
= 2.99 x 10° m/s 048107 kg
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The kinetic energy of the recoiling atom is (using mks uratg]j the mass of a proton for the
hydrogen atom’s mass)

P> (648 x 10777)?

= = =1.26x10"%]
2m 2 (1.673 x 1027 kg) %

or, upon dividing byl.602 x 10~1? J/eV, a kinetic energy df.87 x 10~% eV. As you can see,
it's quite safe to ignore the recoiling atom in calculatihg £nergy of the emitted photon.

Serway problem 4.28
Answer: hromium hasZ = 24. We first have to ask how much energy is made available by
an electron dropping from the = 2 state to the: = 1 state:

AE = Z2E0(n% - %) = (24)2 - 13.60 - (% - %) = 5875 eV.

(Note that we must have had a violent event, like absorpti@ma-ray with an energy of at
least(24)? - 13.60/1% = 7833 eV, take place to rip out an electron from the= 1 state to
begin with. Note also that we are ignoring the fact that thesmme screening of the nuclear
charge by thether n = 1 electron; remember that we talked ab¢dt— 1)? in Moseley’s
law?) But let us plow ahead. We now have some energy we carlspart of what we pay
has to go to unbindinga = 4 electron, and we can then spend what's left on kinetic energy
The binding energy of a = 4 electron is
2 2

E, = —%EO = —%13.6 = —490 eV
(of course we're lying a bit here because there is some sogef the nuclear charge by
the other electrons, but this is at least a ballpark estin8te we have 5875 eV to give, 490
eV of it has to go to removing the = 4 electron, and 5875-490=5386 eV is left over to go
into kinetic energy of the ejected electron.



