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determination of the

The abtorptiom of alternating field energy of & Z&Emple in the magnetic Field of & pair of Helmholtz
coils, o0 which a Righ frequency alternating field has been superimposed, 15 measured with ESR equipment
amnd am oscilloscope in xy=mode, From the relationship botween resomance frequency and resonance field
strength B of the electromagnet, the g-factor for the soin of the electran 2, is caleolated.

Fu geetic electrom spin system = a sample of
Dil HEMYL - PIEHTL HYDRAZ¥L {DPFH in the cpil of

The high Froquency resonance ::Thcuit absarbs high
fregeency energy in a8 DO field during resomance.
This leads to a measurable change fn the resonance
circuit's impedance.

With this redonance method, we can  discover
sompthing about the intriesic angular momentunm of
the elsctron [:p'ln:li the mrgnetic torque, the
guantized adjustment possibilities of the spin in
puter magmetic  field amd  the epergy  lewsl
connecied with it. To do this, bridges between
enprgy  levels are faduced in high  frogeency
altermating current fields, mrmnmds ta two
possible stable spin adjustments tﬂe outer
magnetic field.

The organic compound B phenyl-pioryi-hydrazy
{OPPH) 15 a radical, in which an wnpaired electron
appears an one of the nitrogen atoms (see Fig. 1).
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Fig, 1: OPPY

The electroms of & ODPPH sample, which do mot
possess any arbital amgular momentun (1 = O), are
wall cyibed for  electran spin rEsonance
experTinents,

The sample is placed into a magretic D0 field,
which 15 superimposed by a high frequency magnetic
AC Field {im the cofl of a rescrance circuit],
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During resomsnce (the emergy of the irradiated
photors 15 equal ta the osergy difference between
twn possible stable spim positioms; transitions
are nduted} high Frequency energqy §s absorbed,
which 15 reflected fin an alteration of the
resanance circuit's ispedance,

furing electron spin resorance measurement, due io
experimental  reasons, the  freguency of  the
frradiated microwaves i5 not adapted, but the
streogth of the outer magnetic field iz varied.

Through madulation of the megoetic DL field, a
change  fm  resfitance duripg  resopance ean
periodically be b ht about and therefors cam be
dispiayed on the os5cifloscope.

Vertical deflectiom plates: woltage proportioral
te the amplitude of the Bigh freguency Field,

Horizontal deflection plates: woltage proportional
to the field of the Helmhaltr cofls.

The resonance fregquency f 15 a function of the
resanance ffeld strength B. The dependence is
dotermined experimentally, s then compared with
the theoretical result derived bhelow and 15 them
evaluated.

Electron spim rescnance formula

& magnetic momemt 45 Winked with electrom spin.
It cam be clearly wnderstond by comsidering the
electron as & retating electric charge and by
wirtue of the Fact that a circwlar corrent
possesses a magnetic momemt, Becawse of Ehe
megative charge of the electron, the magnetic
momgnt acts in the opposfte direction to the spin,
This clear notion of a rotating electron canmot be
taken too literally, bGocsuse no  guamtatively
correct  resuits can be derived From it, In
particular it does not follow that the electron
gptm has enly half numbers.

The reiationship between the electron spin & and
the magnetic moment af the electron i%
expressed

in the Form

M He
i = b £,
Uy 15 Bobr's magreton, depfetimg the structural

unit for stomic magretic moment; and b [read
“h-cross®; T o= hide] Plamck's action quantum




which fn a similar way iz the structural wnit for
atomic angular momentum., The constant 9 i5 a

value characterfstic for the electrom, which fs
desfgnated as the g-factor for the spin of the
electron,

It shows the ratio of the valwes of the magnetic
moment to that of the angular momesntum fn the
corresponding atemic umits:
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1f the corresponding ratio of magnetic moment and
orbital amgular momentuwm iz formed, them the ex-
perimental Iy correct value g=l 5% obtained and for
Bohr's magneton ane finds ugne*[u"[inutr_:l; n 15 Ehe
calculation g=e- R/(2 my 3 H y f5 thae

resting mass of the alectron, The g-factar for the
spin of am electiron cannet be understopd with
classical physies (see note at end). [t can onrly
be understood by means of relativistic quentum
mechanfcs. It has a waluee of 45 = 2 with a

correction facter of 0.1%, which 15 im agreement
with the ezpepiment.

To derive the rescnamce formula, the results of
quantun mechanics are wsed, with which the orbital

angular  momen o T can be calculated with the
formula T = T[T+ 15, 1 45 the angular
monentun quantom number. AlSo, the abtervabile
conponents of the angular momentum are quantized
in gre priviteged direction according to the

fornula 1, = m « h. m is the magnetic quantum

fimber, The r-direction % defined Bere by the
magnetic field. For the orbital amgular momentus
with an orbital guantue menber 1, m must have
integral values, m = 0, =1, +2 ... :T. In total,
an opdd aumber of 21 +71 walises amd the same
nunber of epsrgy levels are obtained {ZI-directian
corresponds bo the direction of the outer Field).

The angular momentum vector & follows the same
rules as those of the orbital angular momentum,

E-l"‘iliil]'ﬂ

l.t m I'I.!i
When splitkimg up the S-basic state {1 = 0}, inta
two components (even nuwber), we can  conclude
that the electrom has & spin. On the oather hard,

1
the spin quantun nueher must hewe the value 5 = 5,
%5 that far all possible values of the nagmetic

spin quantwm mmber n_:

l""li My ™ =5, sseq +5

=5 * 1 = g,

The magmetic spin gquantum number cen only teke an

the walpe m, = + 1 » this being able to explain
the splittidy 15t5 two Tevels.

With enly two spin sets possible, the magnetic
moment of the electron which 15 cowpled with the
intrinsic engelar momentum has alse only ted
setting posafbilities. From

,. *B
ul-gl_h—!lr-ds,ttﬂ.fi

it follows that the z-compoment of the magnetic
momant 1s

y = t% q-s_l-'Bd-

The potential emergy E. of a magnetic eoment ﬁ,
which 15 in a magnetic fleld with the force flux

density #, fs:
Em- ; ® E - qu.
Accordingly, the ensrgy Eﬂ. which kas am electron

without a magnetic fleld, divided up into the two
following Tevels (compare Fig. Z}:

1
Eg = Ep 2 7 g eph .

El'l'l
E'il F'=hf
_‘“—-h._hfl- = = gy 5

Fig. 2: Splitting up of sn energy Jevel in &
magnetic Field [total fmpulse
j=s5+1=35) with resonamce conditions,

Resomarce absorption takes place when the emergy
of the irradiation photon E = hF i3 agual to the
magnetic splitting wp of energy. Here f 15 the
'FrmTenmr of the beam, 85 the resonance formuls we
pafain

hf = ﬂipHE
In general, we must take into comsideration the

fact that the total angular momenturm J i85 the Sl
of the orbitel sngular modentusm amd the spin,
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1 ESR=basic wnit [tample Mead} ......... 514 65
1 Pair af Helmholtz coil5 ..oveeececsnss 555 D6
3 Saddle BASES ..eveereeisssiscacaananns  S00 1]
! Oscillpscope, two-chanme]l ....... 8.9 TS 20
Z Cahle, screemed, BMC, 4 mm socket .... G575 24
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1 ESR=ontrt] UATE sesssesennsnancannnrs  OL4 S5F
d

an
1 Heasuring dinstrument D, measurimg ramge

3 A, e.g. E meazuring frstrument D ..., 531
3 Comnecting Teads, 500om ....oorescaceae 500
2 Comnecting leads, 25 O cccveuvvanannan S0
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Setting wp:

Connect the Halmholtr coils i parallel, chonse &
distance for the coils equal to the coil radivs r
{r = 5.8 ca).

Impartant!
Eﬁu{m the corrent fn pach codl will be designated

1. Because of the parallel comnection of Both
coils, the ammeter displays 2 1.

Decilloscope setting

. EXT.
Ppe: AL 0 A

X AL, 2 45

Point af arfgis:
sorpen Dime.

The middle of the wppermast

Larrying out the ssperimnt:

- Choose ome of the following pleg-fr cofls
correspording to the fregeency range of the
kigh freguency &ltermating current fiald:

Plug-fm cotl (€] {f approx, 13 = 30 MHz],
Flug=fn cofl? {F} [F approx. 30 - 75 Wzl
Flug=im coil (&} {f appro=m. 75 - 130 FHz

Insert Bhe DFPH-sample,

- 1T the amplitude of the AC field swperfnposed
with the sagnetic OC field is too small, slowly
increase the rlltﬂelh: OC field wntfl fmpulses
can e saem an SCTEen.

L

[m geseral tws resonance impulsss can Be seen.
This is because the mageetic field goes through
the rosonance position Dwice per phase and becsuie
there 5 4 phase offspt betwesn the voltages shown
on the escilloscope (werify with a tws channeld
oecilloscope: frdtead of X-imput [(HOR.ENT. E

A
¥y-Frput, TIMEBASE | = i,

= Coincide resonance fepalses with the phase
shifter and by wvaryieg the dfrect carrent

Field, set 1t & trically te the center of the
screen [x = 0] 1etnp|e: nscillogram Flgure 4],

Fig. 4: Oscillogran

SHET

Fig. 3: Experiment setup




- Increase the Troguescy f of the HF efel1lator,
5o that the reiosance 1ies displaces itself to
the #lght on the osciiloscope scress, bECausd
resonance oaly eccurs whia there is 2 larpe
magnetic force flux density E.

- By imcreasing ©he magnetic direct cerrent
l{-eld. reset the resomance 1ine Back o Tis
original  pasition I‘:Imuml of Ese  screen)
{symmetrical to 8 = O),

= Mpasure the fregeency f oand tRe direct current
maplitedn [ which §u preportional te E, For an
pract measurerent of [, choose a low 5N signal
by decreasing the medulation amglitude af the
ﬂ?l.ﬂ'] Fin'lt;; lluru-d'1 pijust t{ﬂlrm1hr|1n21£$R
=igmal =0 t 1ty 5 Erical Lo [he ]
of the scress (k= Of ui%ﬁ the direct current
field {mee Fig. §].

= [Oeterwine the pair of values F and T sccording
to the methods desceibed (see diagram Fig. B).

HE-Ampliosde

+

T -
g

Fig. §: In the cese of a spwmetricel resonance

B iepulse 104 manfewn sarks the aepl|tude
of the magnotic DO-Tield with the Torce
fluz density B proportional to 1.
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Fig. &: Besonance fregeency F af a function of the
magnetic resonance field strennth B,
proporkional to the currént masered on
the Helmholtz cofls.

fedecing B by wessuring I

If the smounk of the current in Bhe oodl 1 d=
knoes, then ke Torce Flus deasity B of the dlmest
Romogenoes megnetic field im the pair of Helsholtz
calls [digtance beteeen the coila = cofl radies)
can be celculated with Bdot-Savert s law.

& fl
i'u.:,is-ll sFge

Wumber of furns fn Bhe calil
Ceil radius
Cwrrent fn sach coil

N
F
1

With the mageetic field cosstant

uy = 1,0566 - L0°%

n'e 320 und i
r&ggcm i
et a4

Racalibrete the l-abfcisss in Fig. & according to
thiz relationship,

rin Tia;
The glope of the 1iss i3 tiken from d9agram Fig. 6

I 102 i

B 3,57 ml

1 1 H

The rescnanse Tresuendy B3 proportisaal to the

magnetic resorance force flux density B,

From the resonance condition

ho«F=g, «ay-8

It follows that -« J57HB
1] h

ho= 6,635 « i e {Planck®s sction quantum)

up = 8,273 « 1075 gt Bohr s ragreton).

The g-factor cen be calcelated with the help of
the axperimeats]ly determined slope ; i

el 025107 w2100 P2

g = = &0

& IH'|H 9373007 % fmiad 57 ml
The g=ractor {": - H 1 which wes caloelated
]

with the help of the properticsality :nntunt{ v
mas the wvalee 2.0.




—_——— e ————

The g=Fagkgr G = 2 cannat he gederitogd in
classical physics.

g, = 2 megns that bhe dpin geserstes a1 twice ay
Targe 5 magretic mosert 33 & classical rotabing
carge with vk saqular mosentus 157 b,
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1 Safety
0 The ESA coniral unil can Be converted Pof masrc volt:
ag orhdr Than 200 V oa. e l@e Section 4.2}

O Qrtput (80 of tha £S5 control uni dmageet supply |

2 Parts, Description, Techaical Dats
L1 514 55 E5A bario we

Fhi Exrsd winil eofriial of Ths following parts;

# ESA probe hoider with frequesncy divider 1000 1 and sigaal
amplitie

B Measwring kesd to e Thi Sl A8 @ reucsnce mser

D Elecirk resonant cirouil, passiee (Tor inwisitigating the

relitinnahip Sebween resonant frequency and maqnesic
Fleldp

D PP proba
£, & Plug e coibk for detferent Treguency rangax

LEYBOLD IDACTIC GRBH

LEYBOLD

Instruction Sheat 514 55/56F5T
ESR Basic Unit
ESR Adapter
ESR Control Unit
-\.;-_ -_EI L ;
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E’t__- i .ﬁx |'I| ]
—_— _,: | S %
L 5] | m—d {f
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Fig 1

Civafro afimenaiy:

1 Daft switch
{71 Pobentinmeber for o4 smpdaude sdpsstment
10 Skt Yo g calila i)

3 Multi-core lead for supply 5nd tigeal ol
5 Brand rad

(7 Sockets For ooersect ing the 1 plug o coili
OF Watab b cldagitar lor freguency sdjusimes

Technice! Data;

Supply wiltage and curepi
Froquency ranges:

LF3 WA TE mA
with plugin eoil B

13 o 30 MAHr approw

with plug-m coil £

3 va T5 MHr sgena

weinh plug-lem ool &

75 o 130 MH: spprna,

B W appros. gt 13 BH2

g i wfponted to maaimom

ol iy eevenis 1ha e ol
|weth raf. fo0 ground}

EGRA skginal: 1 0@V approx. |depsnding
on ity b
Frequency dive : 100+ 1
Fraquency output for
digasd ol TTL
OC ewrent (o gutput (1) 100 48 apprax.
Tagl siibrsarame Diphereyt-Fiorygl-Hydeary [DPPHY
Fengquancy range of the pas:
SisE PESOnAnt cireuit 6 10 in 5 MHz

Darmmrminne of the probe

haolder: 130 mam & Y0 mm x40 mim
Langth ot stand roadl: 185 ms
e 0¥ kg approx




2.2 614 56 E5A asdapter

.
H
=y
o F
Fig. 2
Confrl wemanty

8 Supply o Mige ooseescticn
& Gignil sutput ¥

-.-r! Frequessy ooriput
(v Connaction Bor the ESA basic unit (probe holder)

Technes Dara

Sagrml unipat Y Brd enclrt
Frpqu-nvruimrr—";m: ARG socket

Supply voltags inpari

129,00, =12 v A s0ck 18

Sockat for ESA bavic wewt:  for Spin connecior

D Taions: 95 mim % 76 mm x 75 s
Hﬂ: 03 hﬂ

23 514 57 £5R contrel unit

ey
o
£
1]
Lt
-
]
B

[

Confrod siemeoats:

(w Dindell swincy

Iil 0. C. woliege scjsnting potemiomes

() Wiodrdanion woRage ad|unieg pelertiomeser
{m Diigital Fraquancy indicstion

Mpng rormecion:
Frimary fusa:

Magraytic sk supplhy;

Phase shiner:
Drigeiad drequency
[LHHE TR

Sigrall cutpul:

Pl st i il

Magran supmly esatpul:

i v i ik !

Whaight:

TIGY 1 CTI W a. o, S0B He
Ol A ey Diloand tor 200 W gl
28l % Emare Parr Mo, G5 E 141
1.6 & oy bloaw] dor 130 Y s
130 ¥ Spare Part Mo, S EI1TL
Ot 10 Y dlg,

O 5EWae

i, currend A Ino pwerload
et

0t 22

4 digits

BMNC sockm

BME wocket

pair ol 4-mm ek
Aeme M emx Fdem
8.2 kg appros

3 Experiment Assemblies, Oporation
311 fussmbly for demonstrating the opersting principls of the
ESR baske unie 1514 55}

! i,
0
FAA sisper
Fop & iy, wiih rescrenoe
Eporprant; Caf, i,
1 ESR bask unit lprobe holderl . - . - . .. ._._._.... 51455
i Perfgmatedatand e , .. o000 e iraen . 6B 13
Fhmirflmbamsr ... ... ... .............. 30011
1D, C. paswssr supply, itabilized, ., ., ......... BIT30
TESRedapter .. .. ovoiieiaiiiananiass. B1466
& instsad af {532 201 and {514 5E6]:
TESR comdralait ., o0 v wowviannnraa . BIEER
1 Valumees, rangs | WV 3. o
1 Ammaibar, raniga: 1mdld, g,
a. § E meagaring inoumenis 0. . .., L., B3 ER
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I P of Hedmboltroodls . ..o 0oceanooo. .. BEGDE an_.'wlm H '5',: """""" o
e T T - | | | . Prrmrrreeees
I Two-ckannel owillocops. .9 .. 000000000000, BIGH P Traaen i 5 K1 05
Fower gupply opticws: 1 Digital coumier ... ........._.______....., , GIGE]
Bl TESRH gomrol unit . ool i e 514 57 oF
and Counter B e 575 &5
i Asmrmrter, penge- 3 A, 8, g anddopclock, &g . ... ... ... .. .,........ 306
E megeering instrument D ... .. .o..o...... 53188
Fia. 8 A ¥ B asn wrth il ESR oo usii
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