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Solution Quiz 1: Modern Physics

1. Answer 1

w(m) — Aei(loloa}) )

(a) As we know for a free particle,

Y(z) = Ae'*,
From equation (1) and (2),
10 —1 2 10
E=10"m" = U 10
2w
A= W m=2r A

p = hk=1.05x 1073* x 10" = 1.05 x 107** kgms 2.

mv?  p?  (1.05 x 10721)?
— — — = = . 1 -19 = . .
K 5 T 0 T 5% 91 x 10-5 6.06 x 1077 J =3.79 eV

(d) As we have found momentum by virtue of (b),
Ap=0, = Azr=o.

2. Answer 2

E, = 5Ex
_ he _ She
A, Ax
Ax
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3. Answer 3

p2 _ h2k'2

K:2——2 , since p = hk
m m
o® f2m\® W
- 2m A © 2mA2
As K, = K,
h2 h2
2m, A2, - 2me A2
o 22 = Mmye
e me m
e = V200),,.
4. Answer 4
Y(w) = Ac

Re{¢(z)} = Acos(kx),
shorter the wave length, higher will be wave number.
p = hk
As (a) has shortest wave length, its & will be highest hence the momentum.

5. Answer 5

= 2
hL g
2rhl  hL .
= z = = —, since h = —.
boa Pboa ™

6. Answer 6
(x) = Asin(kzx).

The length = € [0, L] fits two wavelengths of the standing wave,

2r Arw
- L)2 L

S oY) = Am(‘%).
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7. Answer 7

L/4
PO = [ WP d
0
L/4
= |A\2/ sin2(4ﬂ) dx
0 L
2 pL/4
= ﬁ/ [1—0052(&—33)} dz
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/ (Asin(él%)) dr =1
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2 oL
%/ |:1—COS2<8WT$>:| dr =1
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Normalization:

2
Ar,
2
2
2—_
= P() = (Q/SL)L :1

Similarly we can see that,

P(I) = P(II) and
P(I)+ P(IT) = P(II).

8. Answer 8

L
Az = )\—
a
P’ h
Asp=h/Aand K =—, = A=
b / 2m 2mK
hL
Az = ———
av22mKk

As m = 200 m,

Az would decrease v/200 times.
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9. Answer 9

According to uncertainty principle:

AE At > g
h
At > —
= 29AFE
0.1 1
AE = 0.1% E = — x —mv?
0.1% 100 X 2mv
AE = 456 x 10732 ]
1.05 x 10734
At >
= = X 4.56 x 1022
> 1 ms.




