PHYS 2212 Problem-Solving Studio 08
Mar 28-31

Hyperfine Splitting Q%

In your Astrophysics Laboratory course, you are performing experiments in mi-

crowave spectroscopy. Your instructor mentions something called “hyperfine struc- &'\'
ture”, that can split spectral lines in the sub-millimenter wavelengths of radio Q
waves that arrive from interstellar space. Looking up the term on the internet,

you find that hyperfine splitting occurs in an atom when the magnetic field of an Q\)
orbiting electron interacts with the magnetic field of the atomic nucleus. Out of %

curiousity, you decide to calculate the strength of the magnetic field created by

an electron at the location of the central proton, in a hydrogen atom. You model

the electron as orbiting in a perfect circle around the proton, at the Bohr radius,
rg =5.29 x 107 m.

Instructions:

Construct a visual representation of the situation described, with all physical quantities represented by symbolic
variables. Identify the concepts that will be needed to answer the question posed, as well as any simplifying assump-
tions that you will use. Outline a plan (that is, a series of analytical steps) that you will use solve the problem, and
then follow those steps to solve the problem.

You may work as a group to complete this exercise, but
each student is expected to submit an individual solution.

s50mgHenS ,” T T e

A-—- E.T:j'm s tn Unifetw cincdan wetien gromd pp.{m / s
— radial fore T3 provwdad by muﬂmdm ( 4 J
— Civelarwetton analyss will qve vs orbilal spead ! e : o>
— rdswrr_ or gm‘l\.m "wc?r&\ss“ caw be rgm-‘ \ /

Problem Foemolatton

= | Q "
Octermive the orkital SpceC T @
" elochon orbitiag @ proton ot
Bohe mclhﬁl and dﬁtﬂﬂ: )
T e Dot - Savart Law
i"“’“ﬁhdl“-‘t Creld. creabed at-the conber
ot Tie electrets arkit

Ostie e ‘.-GL”L""‘

[ Crefar 228l

4rde-view e hm\-, ::\hﬁ"ﬂ*\

= Bt =t Ok R
& = do @rE B A #Vxris Lo

B @t- Savart Lo s D7&r o ool plane
— R I B 2 7

’ LY —
™~ cress Pre 1 Ay ¢V for

— av"‘.’« \mu.____‘? d{;‘c\ﬂlJ A9 - :.-\" ’ w

TS rqd‘mtJ Ner / "MQ

Puqedhm-‘ o€ erbifel
flace

B s Ainabed alewg

(e‘i'm?




@Coobﬂb-c;nr between proton and eledran T qﬂ'lxi}_r F t [@
9 Ff

(Proton 5 Much mare soscve, and Dasieolly cloesad wave) fa,’
@ Ths force provides tadial aceclerhion n 29 las @1‘
- > Fe ! ne z?r-wa = ; )
I 1 ™
j’ : oA '"'(!’2'5 _b\\’% Me g = Q.19wi0ws
(e 214167 kg )

l’
.

- A (_fV)'-f' R > ot veder from eleém\kf""’“

(3 Bt- ~Sawvart law 2 B w2

. H‘.""p"&'ﬁ‘i{" &lcé(ﬂd\- c-\mr‘jf b} I\ﬁl?t"\“" Lo E?'"e% "3 ﬁm‘:"f'}" Q:#h!
b { > perpendiular o 0B

o« Noty Bt @Vpy = hgdnl]uin&%
& = eadnl AT

= (tess m&n:l- gm” = eVb K
] -,m*. L to plave oEorb™T T

P v —
6= ﬁggh.k -p\\ we:t B =1a5T
ack )
mgnd'h

s 15 doek 2009%

w(2V)




