
PA1140 – Waves and Quanta

Unit 4 – Core Exercises 
Feedback



(c) Half life = Travel time  =  𝑡!/# =
!$%&
#.##

= 608 s = 10.1 min

(a) Energy of neutron    𝐸 = 𝑘𝑇 = 1.38×10(#$×298 = 4.11×10(#! J = 0.0257 eV

(b) Velocity of neutron    𝑣 = #)
*
= #×,.!!×!&!"#

!.-.×!&!"$
= 2.22×10$ m s(!



Number of half-lives, n:   𝑁 = 𝑁&
!
#

/
⇒ 𝑛 =

01( %%&
)

01(!/#)
≈ 01 &.44

01 #
"

≈ 0.0145

Hence age:   𝑡 = 𝑛×𝑡!/# = 4.9×10!&×0.0145 ≈ 700 Myr



Energy released by each fission        𝐸 = 200 MeV = 3.2×10!"" J

Thus, number of fissions required to produce annual energy requirement:
𝑁 = .×!&#'

$.#×!&!##
≈ 2.2×10$&

Requiring a mass of  235U:

𝑀 ≈ 2.2×10$&×235×1.67×10(#. ≈ 8.6×10% kg



(c)     Photon energy   𝐸 = 56
7
= !#,&

##.4
= 0.544 eV and   𝐸 = !#,&

.,-&
= 0.166 eV

(b) Smallest wavelength when   𝑛! → ∞ i.e.  !
7
= !.&4-..-×!&!"

%"
⇒ 𝜆 = 2279 nm

Largest wavelength when  𝑛! = 6 i.e.  !
7
= 1.096776×10(# !

%"
− !

-"
⇒ 𝜆 = 7460 nm

(a) Of course, this is just    𝐸 = 13.6 eV	= 2.18×10(!8 J



(a)    Half life     𝑡!/# = ln 2 𝜏 = 01 #
7

= 1.8×10!! s = 5720 yr

(b) Initial decay rate     𝑅& =
9&
:
= 𝑁&𝜆 = 3.0×10#$×10(!#×3.84×10(!#

= 1.15 Bq

(c)   Decrease in decay rate obeys     𝑅 = 𝑅& exp −𝜆𝑡 ⇒ 𝑡 = 𝜏 ln ;&
;

𝑡 = 4720 yr


