14 the theony of the "inverse photoelectuic effect! s vabid
then Ednstedn's assumplion’of 1905, that both emissien and
absorption axe "quantised', must be tested in relation o
Planek's ‘formicla for photo-electron emissdon

w = Av  joules

whene: w is the enengy associated with edch quanta , v i4 the
frequency of radiation and h 45 PRanck's constanit,

Since v = c/h fon electhomagnetic nadiation where o is the
velocity of Light , and W = Ve , the maximam encrgy that can
b2 acquined by any electron within the X-ray tube sysiem, then

Ve.= hefs or h = UA[‘%] .

D15.9  Caiculate the mean vaiue for VY X from DI5.8 ang
evaluate h .

(e= 1.60 x !0_Eg coulombs ; = 3.00 x IOB m secml ]
Compare with the international value for h of
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6.62 x 10 7" Joule-sec

The difference between the accepted standard value and
the evaluated result for h of about 5% is well
within experimental Iimits and illustrates why the
'Inverse photo-electric effect' Is considerad to be a
very accurate method of determining k , the fundamental
constant in the Quantum Thecry.

1t L4 assumed that previous studies of optical spectra have
established that "chanacteristic Lines” in the visible
region of the electromagnetic spectmum are emified from
afomic energy-fevels of high principal quandum mumber, the
N, 0, P and O Levels; the nelativefy much shonter wavelengths
of the chanacteristic KB and Ko Lines indicate that these
shonien emissions are due fo efection trhansitions at enengy-
Eevels of Low principal quantum number.  Any efecitron from
the X-nay tube {{fament having sufficient enengy to eject a
K efectnon in a colfision process will fonise the Copper
atom;  ihe lonised afom will revent fo it's stable state
through electron thansitions, each transition being accom-
panied by the emission of a photon of equivalent enenrgy.

I

K-Senrdea

by

By definition, the K§ emission hesubts from transitions {nom
the N and M feveds fo the K Leved and Ko from transitions from
the L to the K fevel (see para, D19); the N and M fevels have
a ghealen energy difference with respect #o the K fevel than
does the L Level and hemce the wavelength of the KB photor is
shonter and mone enengetic than that of Ka, But the clfeaen
proximily of the L dnd K fevefs resulfs in monre frequent
Lransitions than for the N on M Pevels and hence there is a
greaten "populaiion" of Ko exhibited by the relative inten-
44ties of the peaks 3 and 4 of graphs D14.7 and &, (See alo
pana. G19.7}. ‘
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The Bacgg expendiment has established That a chysfal -can be
used Lo demonstrate the co-operative {nferfjerence of K-rags ;
the wavelength Limit of the conifinuocls "white" specilium .is
dependent uniquely on the energy Lmposed upon the electrions
by the potentiat difference between the efeciron emitting
filament and the ancde, négandless of {1's matenial; +he
Teharactenistic” Eine Apeetnum, superimpesed upon the white
spectuim 45 due Xo the efemental composition of the anode and
the enengy-Levels assoeiated with it's individual electron
Sysiem,

The Lines ane wiique to emission ﬁnbm a Coppen fargeit and
are thus teamed CuKB and CuKe emission Lines.

Spectanl analiysdis by the Bragg fechnique ean accurately
evafuate a) an unidentified voltage, using both a known
crgstal and anode, matenial, b} an dnknown cnystal stucture
using an Ldentigied voltage and arnode material and ¢} fhe
chemical composition of a matenial senving as an anode to
emit chanactenistio nadiation, using an established crgatal
and an accurately defined vofiage.

The phocess of X-aay emission &4 suck that the wavelength
may well overlap both fhe ubtre-viclet and the Gamma regions
of the broad efectromagnetic spectmm; in the "Telirdn
Approach 1o Alomic Physics" ihe phenomencn of Gamma radiation
has yei 1o be studied.

By L8 mode of emissien X-nadiation is therefore dedined,
thiough the "invense phoitoelectric effect™, and not by wave-
Length; "ultra-uiolet" radiation nesufts from classieal
phofoelocinic events and "Gamma" nadiation from nuclear
disintegnations.

However, consequent upon the simibanities between diffxaction
of opiical and X-nay wavelengihs, the siudent wilk surely
aniicipate 'absonption’ effects in X-aay, as in opiical,
speotha.

D16 — X-RAY ABSORPTION {1 HOUR)

KIT 582 30 k¥ 80 uA NCRMAL LAB

016.1  locate.the NaCL crystal in the crystal post as in
14.1.

D16.2  Moint the Auxiliary Slide Carriage in Mode H (see
Part 1, pars 10.4) using the !mm slot Primary Beam
Cellimator, vertical. Locate the Slide Collimator
{3mm slot) 562.016 st F.5.4.

Di6.3  Position Slide Col!limater (Imm) 552.015 at F.5.i8
and the G.M. Tube Holder assembiy at £.3.26;
connect fhe G.M. Tube to a Scaler; due to the low
count rates of this experiment, counts should be
recorded over at least |0 second durations: the
longer the counting period the greatér the accuracy
of the results; it is also advisable to monitor the

tube current and adjust as necessary to 80 uA.

Ensure that 30kV is correctly selected.

DI6.4  Tabulate counts, I, from 20° (20) to 40° at 1°

intervals.

g
28 I, eps T,, cos 1.1, %

20 #

1

28 B




G16.5 tacate the Copger Fllter 564.006 at £.5.2 and

tabulate counts Tap .

Di6.6 Calcutate the ratic I,,/Ts and plot as a Percenfage

Transmission against angle 26.

Thansmission %

1004 K8 Ko Cu foil

50+

Observe that the whole spectrum has been reduced in
intensify but that the expacted “seif-reversal™ of
thé KB and Ka lines is not evident; a very abrupt
discontinuity is revealed however at a wavelength

Jjust shorter than the K8 line.

Di6.7  From the graph, dé'rerm-i:n'e fhe angle 29 at which this
discontinuity oceurs and calculate the equivalent

wavélehgth in accordahce with the Bragg equation:

A =2 dsinéd

The Copper Foll intenposed at E.8.2 has a §inite thickness,
12.5 x 1_0".‘6 metres and, applying the Linear Absorption Co-
efficient as studied at D10.14 some absonpiion of the
specthum must be expected.

That Copper does not 'nevensibly' absorb it's awm character-
istic emission Lines KB and Ko i in agheement with the
theony outlined in the comments following 015.9. To Lonise
an atom of the Coppen target in the tube any efectron faom
the fitament muat have sufficient eiengy fo Liberate an
efeatron in the K fevef on indeed the L Level for Lp on le
emission hot defectable with the compact geometny of the
Tel-X-Ometen . Thus, in hygpothetical temms:

3
W, > W, , = -10x 107 eV,

Following an M o K eleatron inansition a Kg photon i3
emitted having {neﬁgy e , por-9.9x 16 oV (ie -10,000 +
100 eV]; there lu thenofone a nelatively small energy
diffenence of 100 eV,

The discontinuity docurs af a wavelergth of 0.738 nm (from
D16.7} which s just shonten in wavelength Zhan the K8
emission [about 0,140 nm from D14.9) and it is evident fhene-
fore that a "classical photoelectric effect” has occuwwred
whenein Some photons in Zhe primary X-nay beam have sufficient
enengy fo Lonise the Coppen atoms in the §oif placed at
E.8.2,

Furthenmone, the vafue of the wavelength indicates that the
incident photons must be a component part of the "white"
radiation; the infenerce is thenefore that the Coppex
foil will exhibit the "absonption edge" when expoded 1o
nadiation containing enengies equivalent to 0.13& nm, regand =
Less of the material of the source,

The discontinuiiy <6 thus uique to the sysiem and is neferned
to as the CukK Absorption Edge.

Since fhe elements in fhe periodic fabfe have different
enengy-Levelf structunes and densities the studént could now

expect fo find an elfement which will discrzetly absoib Copper
K emission by a systemaiic study using fodids of different
elements, but equal thickress.

Di6.8  Remove the Copper Filter from £.5.2 and replace with
the Zinc Filter 563.005.

Repeat 6.5, 16.6 and [6.7.

100 4 Thansmissd
-4 Lon % Ka Ka 20 foik

50

¢ %0 74 b ;
28 3¢ 36 26

DI6.9 Remove the Zinc Filter and replace with the Nickel
Filter 564.004.

Repeat (6.5, 6.6 and 16.7.

100} Transmissicn %

Ks  Ka Ni foik

| |

I |

50 ! '

| |

I |

|

|

[ 1 T T ! T
70 74 28 37 38 26°

DI6.10 Remove the Nickel Filter and replace with the Cobalt
Filter 564.008.

Repeat 16.5, 16.6 and 16.7.

100 4 Tuansmission % Kp Ke
Co foil

I |

| !

| |

50 I !

| I

| |

¢ T T ! T T

20 74 2% 32 36 2g°

Observe that only the Cobalt Foll has absorbed or
1¢iitered out" both the CuK emission lines but that
Mickel has dramatically discriminated between the

K8 and Ko radiation.

Clearly the absorption of X-rays is dependent not onty
on the thickness of the absorbing material but also

on the nature of the material itself.

The Linear Abscrption Co-efficient is not therefore
sufficiently definitive for X-rey purposes,
especially with thin foiis where the effect due to

the material is greater than that due to thickness.
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