e that go strasght through the selodity apleelor will hove speed ¥ = EB,, where
o electric fisdd sirargth and B, i3 the rmagretic flux density in thie valocily selactar,
alncity can be adusted oy sontralling the ragratudes of the bao figlels, The nesn
st trovel with this valocity then enlor 2 urifarm magnetic field of fux density B.. In
4 theny wall trawal m & circular path, The radius af fhe path will be ghean Dy
e = Bv = i = M and by rearargng the aquation r = é’:j

nE i
08.8.
gasLring r, the mass of e ian can be obtaned. When this axperiment was first
rrrad, Ihe sesults from it showwecd that neon jons mostly b @ mass of 19.992 u i
1.26% of the ions nad mass 50,904 U and B.82% had mass 21.5991 w This
weny of isotopas poplanec winy S0 rmany atoms had 2most wiole-rurnber ratios of
g The diffErances wese gorpiained with the discovery of the neutron,

Tinatng ¥ esr =

jer mass spectrometers

sant rmanulacturers of mass spectromelers u3e cifierant methods of producing he
| ofraam of ons. in o SySLE., sarnples in liguid form are iriected mito the machine

s subatance i thin onised by bombardment from Pegh-Brengy Slecirons

ther bype of mass specirometar is cafiad a ime-of-flight (TOF) spectrametar and s
wr m Fiagune 3.

tirme-cil-fiight sectadary N mass spectromater, 1o give it its full nama. 3 puised kar
wry or pulsed laser beam & uged 10 remove batchas of molecules from the OLTETIToE]
fmce of tha samphke. The Molecules ane onised and acceleratecd towands & detector,
» time it takes them o reach the detectar depands on their mass. The adyantage af
s avstern is that macromolcules (gL a5 POlIESS of proteing) are not digintegrated
tha besm. Thess instrurments e used in coatings research, micraectronics and
faon contamination siudies.

1estions

|« & large jor of mass 5.8 = {0F u and charge +18& 15 acrelerated constantly torenecls &

datector by a potential diffierance of Bid . Aserning the ion starts Frorm rest,

cefoidate the tirme taken for the ior to fraved 47 cm o tne datector.

3. Fipure 2 snows 3 Bairridge mass spectromeater.

The baarn consests of smgly lonised neqn-20 atoms all tranvelling al he Same SEeEs,

a0« 10°f my!, through a vatuum Az the boam passes through the magretic hald it

follones @ circulsr padh of radius n125m

(@) Explain wihy the path s a SETICIrChz

(b} Shew that the force on pach ion of mass 3.32 = 10 B g s 2.4 = 107N In wiich
direction is this force’?

(o) Calculate the maarnetic ald strength or fux denzily in leslas.

{d) Suggest whese ihe detactor shoukd be positiorad 10 datect ions af necn-22
sraneellineg with e sarme speed, Explain your de T g

3 The spactrometer of Figure 4 is usad 10 colect the ruclides 22U and "3 PDrom a

armall samele of ock 1o date it .

{a) Singly ionised nuclet of tha teo nuchides from the samele-of mck pass Source
threnegh the hole in the 200V secirode with neghgible velocity, Thiy ara LUNES
accelerated towards the electrode at O V. Shaw thal the rryornesTiumy D_
gained by ar oo ol =2 Pp, mass 4.5 % 10°% kg, is about B = 10 M.

(b) Calculate the redls af the circular path of the lead on whierr wathin the Fallh)
Lniform pegicn of magnetc Realed of flux density 012 T

(c) The lescl and uranem KOs have the sarmie charge and Kinslic erargy |
winan they entee fhe magnetis feld, et the uranium ons follow a path
of grester radius. Exptain wiry s & Figure 4

Mﬂa-ffﬂ Ary. neeo{ns]

Module

1

Electric and magnetic foelds

The mass specirameter

ey definition

Ao and NUCIEar MAssEs Ae USUEY

segsured in s of de unified Aic

mase ynit o, I is a mass equat fo 112
#he mass of an aiom of the nuclice "g.
ne u = 166054 = 10-7 kg, o 651,
figs. More detail aboa i mess it is
given in spread 232

Figure 3 Resamrcher cbEendrg a
time-nl-fight Secondary O mass
specIrometer (TOF SRS, The SEnso0
areay can ba seen through the rourned
wincna (loae left)

Bacirodes
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