PHYS 232: Problem Set #13 Solutions.

(6626 107 J-5)(3.00 % 10* mys]
P40.15 (a) Ay ==— Li: Ao = , 5 — = 540 nm
y (2.30 eV){1.60x 107" JfeV]

(6626 107 ].5}(3.00 < 10* mys)
Be: A= . & — =315 nm
(3.90 eV){1.60 1077 JfeV|

(6.626 107 J-5)(3.00 % 10° mys|

Hg: A= - = — = 276 nm
(4.50 eV)[1.60 = 1077 JfeV)

A< A, for photo eurrent. Thus, only lithium will exhibit the photoelectric effect.
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(b) For lithium, == g+ Ky
[6.626 : 107 J-5)(3.00 < 10* mys| . .
L =(2.30 eV)| 160 1077 |+ K
400 = 107" m b
Kmax =1.29 l“_lu I=
|I .IIl . .
P40.42 {a) The wavelength of the student is 4 = —=—Tl w is the width of the diflracting aperture,
then we need w=10.04 = 10.0] !
I [ 6626107 ].s
so that v £100—=10.0] — — -] =[110x107 mys
1T !__ (80,0 kg )(0.750 m) |
. o 0150 m
(b) Using Af =— we gel: Mz—————— =
1.10% 107 mys

<) . [he minimum lime to pass through the door is over 10" times the age of the

Universe,
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r40.26 I'he energy ol the incident pholon is Ey = p

A
(a) Conserving momentum in the x direclion gives
P ¥ cos - y ) }.“ [ [P - f
Py =pP,COs¢+p, cosf, orsince ¢=¢ — (P, +p, |cosd. [1]
L=

Conserving momentum in the y direction (with ¢=0) yields
D=p, sinf—p_ sing, or p, = p, =—. [2]
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Subsliluting Equalion [2] into Equation [1] gives

Eg [ h by - o 2 "
—=| =—t=—[cosd, or A' ==——cosf. [3]
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By the Complon equation, 4' -4, = =—(1-cos#), (05 (] — e (] — 05 £
m,r E; Ep m
Thich ¢ : fm 2 .
which reduces Lo [Zmc” +Ep|cos @ =mc” + Eg.
|r 1 T i
. | maet+Ey |
I'hus, i = H = cos ]IHI
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(b) From Equalion [3], A' == COS f = ——| —=—5 1':_| l-
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Therefore, L —= 1DI o ||,
A" (ZhefEp)|mc” + Eg Il/"|.-;'.r.'.rl.-.' +Ep| <\ meT+hy )

Ey | Ep| 2me®+E, )

and py === | L ———2= |
[ ic | M, +Lg
- 5, - %
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ic) From conservation of energy, K, = Fy —F/, = Fg - = —£—1
BY: Ky =Lp— 5y = Lp == T |
21 mye +Ey |
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Finally, Irom Equation (Z), p, = p;, =
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P40.51  With Ax = 2107 m m, the uncertainty principle requires Ap_ = #— 261072 kg-mys.
S0X

The average momentum of lhe particle bound in a slationary nucleus is zero. The uncertainty in
L] F =2 =
momenlum measures the rool-mean-square momenlum, so we lake p o= 310 - kg- m‘fs . For an
s . . : 110 .
electron, the non-relalivislic approximation p=m,v would predict v =3 =107 myfs, while v cannot
be grealer than c.
B . T N2 L7Y2 . _ )
[hus, a betler solulion would be E=|lm.c™) +(pc) | = 56 MeV =y m c”
N 1
el ——— 50 o= (0,999 Q5
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For a proton, v =— gives v = 1.8 » 107 m{a‘, less than one-lenth the speed of light.
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From two points on the graph 0 —| - |||-1.1 «10™ Hz)—— o :

Le d & ‘1
and 33 V=|=|12x10" Hz)-£. 0T 2000 1 800 1 120
LA = d [

[ (THz)
Combining these two expressions we find:

FIG. P40.54
(@) g=| 17 eV

(b) — = 4221077 Vs

) fic o (hyeo

() At the cutoff wavelength — = g=| — |—
ba e,

|"- < 10° m/s)

i, =(42x107% v.s)1.6x107™" C} - - -=| 730 nm
' A -Jn.?c&-';[].rw-m-” IfeV)




I [6.626 4107 ]-s]
P10.57 Al=—(1—cosé)=- —— _{0.234) =3.09x 1071 |
[1.67 <107 Lg“ 3.00:10% mfs|

L

he (6626107 1-5)(3.00%10% mys)
Ap=—=- — -~ 620107 m
Lo

(200 MeV }| 1.60 = 10712 [ﬁ‘f"]l.“l."::l
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A=Ay +A4A=651x10 % m
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Using integral tables, ||w] dV =—=—|¢ ’J'r"" P+l =| - j-L|=
& B ’ 2 o 7 | | 20 A
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so the wave function as given is normalized.
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Again, using integral tables,
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4B 160x1077 C[6.63x107 -s)5.26 TV N.s Y ke-m)
*P42.53 ia) AF= = — ll — \ L' 111 |=9.75 » 1= |
|“‘11 kg) \T-C-m A N.s? |

i,

-
kgT =(138x107 JJK)(80%107 K)=1.10x 107 J=

(b)
AE  975x1072 ¥
(c fomm e | 147 x 10" Hz
) T h 663x10M J-s

L 3x10% mys
—_—L- 24 %102 m

1.47 = 10" Hz










