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Problem 7.1

If a beam of electrons impinges on an energy barrier of height 0.03 ev and
infinity width, find the fraction of electrons reflected and transmitted at the
barrier if the energy of the impinging electrons is 0.04 ev. (m. = 9.1 X
10731kg)

Solution:

E=0.04ev and V,=0.03

_p\2
“E>V, R=8"P  p —omE, P,=.2m(E -V,

(P1+Py)?

P, =/2x9.1x 10731 x 0.04 x 1.6 X 1019 = 1.079 x 10~25Kg.m/sec

P, =+/2%9.1x 10731 x 0.01 X 1.6 X 1012 = 0.539 x 10"25Kg.m/sec

(P, — P,)? [(1.079—0.539) x 1072°]2 0.29

(P, +P)?  [(1.079 +0.539) x 10-25]2 _ 2,61

R = 0.11

T+R=1 | T=1-0.11=0.89
Problem 7.2

Calculate the probability of transmission of a particle through the
rectangular barrier indicate below: V, = 2ev ,E = 1lev and barrier width
=1°A, me=9.1 X 10~ %*gm

Solution
16E(V,—E) 2m(V,—E)
T = —z  eXp (-2 0z a)

o

T_16><1><1.6><1o-12><(2—1)><1.6><10-12
B (2 X 1.6 X 10-12)2
V2x1.6%x10724x 1.6 x 10~12

X -2 X 1x1078
exp ( 1.05 x 10-27 0™
2%X1.6%XV2x10"18 x 1078
= —_ =19 X -19
T 4exp< 105 < 1027 ) 1.9 x 10
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Problem 7.3

a- Evaluate the transmission coefficient for an electron of total energy 2
ev incident up on a rectangular potential barrier of high 4 ev and

thickness 1071%m.
b- Repeat the evaluation for a barrier thickness of 10~°m.

Solution:
a- E=2ev, Vo=4ev ,a=10"1m
iP,a
~ —4P%P%sech? (TZ)
(P? + P%)” tanh? (‘PTZ“) — 4P2Pp?
P, =V2mE =+/2x9.1x 10731 x 2 x 1.6 X 10-19
m
=7.63 x 10725kg. —

Sec
P, = \2m(E — V)

=2x9.1x1031 x (2—4)x 1.6 x 1019

= iV4x91x1.6x10750 =i x7.63x10"2°kg.—

sec

(P2 + P?)? =[(7.63 x 1072%)2 + (i x 7.63 x 1072°)2]?

= Zero
iPya
—4P§P%sech2(l—2) i
— h ) _ 2 [LP2a
T = —P2p? = sech (T)
1° 2
_ 2 A(iX7.63%X1072%)x10710, _
T = sech*( o103 ) = 0.634
iPya _ ixix7.63x10725x107°
b- — = T 05x10-3% = -7.26 , |—7.26]>1
2iPpa
16E(V,—E) =-2% 16%x2X2 _ -
o T =220 o7 1O 525726 = 1.9 x 1076
V2 16
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Problem 7.4

With out bearing with detailed algebra. Show that when E <<V, the
transmission probability for a particle approaching a rectangular potential
barrier, falls off exponentially with increasing barrier width and /V, — E.
Solution :

For E <<V,
—4P2PZsech? (lPTZa)
T = B
(P2 + P2)? tanh? (£:22) — 4p2p2
1 2 ) 152
ef-e=0 0_,-0
__sinhf __ 2 _e’—e”
tanh = coshg ~ ef+e=0 T g04p-0
2
iP,a _g B
0 = - for largea — e~° neglected e — 0
e® 1 1 2

tanh = —==1 - for large a , sechf = = =
ef f g cos hé et +e—0 ef+e-0
2

1 1 1 .
For large 6, e B becuse 5 IS neglected and sechf = 2e?
iPa 2iPa
B —4P12P22(2e h)? B —4P12P22(4e h)
B (P12+P22)2_4P12P22 B (P12_P22)2
P, =V2mE , Py =.2m(E -V,
2iP2a ZiPZa
. —4(2mE)(2m(E—VO)) (46 h ) B _16(2m)2E(E_VO)eT
-~ [@mE)-22m(E-V,)]2  (2m)%[E—E +V,]?
2iP,a 2i/2m(E-V,
_ —16E(V,—E)e"h  —16E(V,—E)e” n  °
- % - %
—16E(V, — E) —22m(V, — E)
T = 7 exp [ m a]
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