
PA1140 – Waves and Quanta

Unit 3 – Core Exercises 
Feedback



Energy of photon    𝐸 = !"
#
≈ $%&'

'.%
= 6200 eV = 0.99×10)$* J

From notes   Δ𝜆 = !
+"
(1 − cos 𝜃)

Momentum of photon    𝑝 = !
#
≈ ,.,-×$'!"#

'.%×$'!$
= 33×10)%* Js

So for 𝜃 = 90° we have   Δ𝜆 = !
+"

≈ ,.,-×$'!"#

/.$$×$'!"%×-.''×$'&
≈ 2.43 pm

Hence, to go from  200 to   400 pm  requires  %''
%.&-

= 82.3 or   83 collisions.



⇒
ℎ𝑐
𝜆$
= 3.7 eV ⇒ 𝜙 = 1.9 eV

From notes   𝐾𝐸012= ℎ𝑓 − 𝜙 ⇒ 𝜙 =
ℎ𝑐
𝜆
−𝐾𝐸012

From question   𝜙 = !"
#%
− 1.8 eV = %!"

#%
− 5.5 eV



(a) To normalise set  ∫'
3𝜓%𝑑𝑥 = 1

i.e.        ∫'
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Hence     𝐴% = %
5

⇒ 𝐴 = %
5

(b) Probability for particle to be in range  Pr 0 → 𝑎 = ∫'
5𝜓%𝑑𝑥

⇒ Pr 0 → 𝑎 =
2
𝑎
O
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= 1 − 𝑒)% ≈ 0.865



Finally, convert to eV to get required voltage    𝑉 > 100 V

Here we are only interested in a ball-park argument!   

To get a resolution of   ~10!"" m we must effectively localize the electrons to that precision  i.e. 
Δ𝑥~10)$$ m

Thus this corresponds to a momentum uncertainty    ∆𝑝 = !
&6∆4

≈ 5.3×10)%& kg	m	s-1

Electron energy should be at least enough to give this momentum     𝐸 > (∆9)'

%+
≈ 1.5×10)$; J

Alternative approach would be to set resolution to de Broglie WL of the electron 
𝑝 = ℎ/10)$$ kg	m/s				⇒ 𝐸 > (9)'

%+
≈ 2.5×10)$* J



Expectation value     𝑥% = ∫'
< 𝑥%𝜓%𝑑𝑥 = ∫'
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Requires integration by parts (twice!) 
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