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1.0 INTRODUCTION

The physics teachers and research scientists who helped to
formuelate the "TELTROM APPROACH TO ATOMIC PHYSICS" rea;nn&d
that had refractory metals and good high vacuum equipment “heen
available to the genuises of the "golden era” at the turn of
the ceatury, then thermiconic emiszsion would bave replaced the
traditicnal gas discharge as the vehicle of atomic physics

investigations.

2.0 The Free Electron

It was on this baslis that tha historical sequence of the
evolution of this subject was disregarded and SEH[ES A, "THE
FRODUCTION AND PROPERTIES OF THE FREE ELECTRONY, was praparcd;
although it differs +rom the chronological evolution, the
presentation and understanding of the argument 15 very much
simplified and expenditure in ferms of both finance and time

iz reduced 1o a minimom.

Series A starts with a simple Thermlonic Effect experiment in
gir; this dictates the need for an evacuvated experimentat zone
and the thermionic diode is introduced, foliowsd bf the triode
and the development of a2 simple diode electron gun. Producing
free 2lectrons in lhis manner a sarlfes of crucial sleps is
recommended and 211 the eﬁperim9ﬂ+al apparatus necessary to

perform these steps is available.

The entire programme of experiments is designed such that a
thorough examination of sach phenomenon suggests the nature of

the next crucial step.

At the culmination of Series A the electron has been produced
and "weighed and measured"; but during Fhe series, fthe phencm—
ench of the glowing of 2 luminous screen s not expltained and
similarly a limifation of 5000 volts is seemingly arbitrarily
imposed for acceierating valtages. The discriminating phy-
sicisl will sesk both an axptanation o the |uminescence and
a verification that the properties of the electron are un-

changed by accelerations induced by more than 5000 vol is.

3.0 The Bonded Electron

A re-examination of the luminescent Tube, TEL 522 intreoduces

SERIES B, "A CONCEFT OF IHE ELECTRON W|THIN THE ATOMM, leading -

To field emission, isotopess and electron energy levels,

4.0 High Voltage Acceleration

The employment of accelerating vol tages of the order of ED,DDﬂ
volts introduces LHERIES D, "THE PRODUCTIOM, PROPERTIES AND USES
OF X-RAYS™,

A sigpie evacuated thermionic diode is postulated having an
anede which can tfolerate the increased wattage dissipation
renguired when a potential 4ifferénce of 30,000 volts j= imposed

across the cathode and anode.

In November 189% similar very high accelerating voltagés 'were

being employed by Professor Wilheim Rntgen in his laborateries
at Wlrzburg in Bavaria.

Clearty the use of 30,000 volts witl introduce s hazard o -
heaith and through RBrtgen's work it is known that additional
hazards will exist which require the use of special appara*QE -
the TEL-X-OMETER, TEL 580.

5.0 TEL - X-OMETYER, TEL 580

The packaging of the instrument has bzen carefully designed to
ensure that units are delivered in fhe came condition as They

leave the factory. P f anf damage is apparent when the packing
case is oapened the supplier of the equipment should be notifiad

immediately and the instrumapnt should not be used.

1

ALl accessories, kits and items aré packed separately but, with
the exception of the Filmpaks, thers is space allocated for
every item In all the kits within the Targe Accessory Dox,
marked TEL 582/3/4.

6.0 COMMISSIONING THE INSTRUMENT

Litt the instrument out of the box and remove all packing
materials, Including the plastic bag which houses the power
supply lead; place the spare fuses and the mintature jack-plug

contained in the plastic bag inte the Accessory Box TELS82/3/4.

6.1 Mains Power Supply
Attach a plug fo the power supply cable in accordance with the

wiring instruction sheat.

With the transparent plastics Scatter Shield closed, tilt tThe
instrument onte its hinge and ensure that the Power Selector
on the wnderside of the instrument indicates tha correct mains

val tage; to re-adjust the selaector pull cut the black plug
and replace, with the arrow pointing fowards the legend which

corresponds 1o the power supply avallable in the laborajory.

Check that both the Power Fuse and the EHT Fuse are securely

screvwed in.

8.2 Radiation Waming Sign [Ref, [CRP Publication 13, para 200

Femove the yellow, black and white radiation warning card from
The fop lining board of the packing case; cut ocut the appro~
priate sign and affix to “the entrance o the enclosure or

room containing the Tel-X-Cmeter®.

6.3 Mechanical Inspection
The transparent plastics Radiation Scatter Shield which com
pletely encloses the experimental zone {ref: TCRP para 17) is

normally locked in the 'safe™ position by a bali~ended spigot.

This spigot lecates in a key-hwle slot situated behing the
atuminium back-stop disptaying the International Radiation

Symboi (ref: ICRP pare 19 and see Fig.t).

Yo cpen the unit the entire Scatter Shield should be displaced

sideways with respect 1o the hinge; the spigot will automatic
ally line up with the 1eft hand or right hand release port and
the Shield can be !ifted; the cover is sel f-supporlting when

it has been tifted beyond the vertical |ine of the hinge-

Check that no visible screws have been loosened in transit;

that the spectrometer arm can be moved around o the scale
limits in both directions; that the lences on the signa! lamps
are tight etc.

Lower the Shisld o The locked ‘operating' position; repeat

the opening procedure in the opposite dirsction.

6.4 Safety Interlocks (ref, ICRP para 18) |

To become familiar with the interiock system, displace and
open the radiation Scatter Shield and remove the twoe screws
which retain the hinge cover ptate, see Fig.l; remove the
plate. R

Open and close fhe Scatter Shield observing the operation of
the interiock system at the hinge; note the ball and sacket
indication of the central position; nofe that the Shield can-
hot be moved in a sideways direction when it is open; note
the "fail-safe™ duplication of intertocks. Replace and screw

down the hinge cover plate.

Using a wide bladed screw driver turn the large screw-heads
Focated at each cide of the lead-glass dome, see Fig. |; note
that each screw-head controls a plastics plate which locks the
glass dome in position and at the same fime activates & micro-
Switch fixed uvnderneath each locking plate; when these

piates are unlocked the lead-glass dome can be removed for
gccess to the X-ray fube.



Roturn each screw-head to the dome—-locked position, close the

Scatter Shield and stide to the central position.

6.5 Initial Switch On {ref: ICRP para 21)

Connect the mains supply 1o the unit by depressing the POWER
ON switch (WHITE) on the control panel; +he unit will only
funciion when the Time Switch s rotated to the reguired time
faztor. When this is performed both the fitament of the
X-ray Tube and the POWER-ON lamp (WAITE} will be il:uminated.

6.6 Condensation

After the instrument has exﬁerienced changes in the temper-
ature and the humidity of the surraunding air a slight conden-
sation (s sometimes apparent inside the lead-glass deome;  the
Tel-¥-Ometer warms up after a short pericd in operation but at
no time should any part of the instrument seem too hot to the
touch of the hand.

The operating temperature is suftficient to evapcrate any con-
densation and it is ftherefora recommended that only the fila-
ment is energised for the first five minutes; if, on depress-
ing the X-RAYS ON button (RER), a faint 'crackiing' noise s
heard then some electrical discharge due o dampnass S
evident and the sguipment should be aliowed to run for a

further five minutes with only the filament operating.

6.7 X-Bays On/X-Rays Off Procedure (ref: {CRP para 18}

To switch off the EHT, displace the Scatter Shield sideways
with respect to the hinge.

Replace the Shieid in the centrat locked positicn and depress
the X-RAYS CN button; the X-FAYS ON lamp (RED) will be illum-
inated.

| £, at the first attempt, the red lamp does not iiluminate,
chack that the Shield is correctty centred; 1f centralisation
is not properiy effected the micro-switches at the hinge will
nat activate the EHI ciredit add the red lamp will not i} lum
inate; centralise the Shield correct!y and agaln depress the

¥-RAYS CON bu*ton.

6.8 Electronic Charge Persistence

The EHT 1or the unit is derived from a soiid state invertor
circuit, foilowed by 2 Cockercft-Watton Type multiplier to
provide a sSmooth d.c. output. In operation, the capacitors
in this circuit become charged; the EHT circuit is well in-
sulated for 30,000 volts and when the EHT is switched off the
charge on these capacitors persists for many hours. 'n Fhe
absence of spacia! precauvtions, this charge would be a hazard
o technicians who may wish tc perform service work on the
electronic circuit or to change the X-ray tube; there would
also be & radiation hazard if the filament should be energised
some hours after the unit had becn switched off whoreupon an
¥-ray pulse wauld be amitted whether the Shietd be ﬁafely in

position or not.

A special protection circuit has therefore been incorporated
which provides a short energy-pulse to the filament immediate-
|y after the power t¢ the unit has teen disconnected; This
pulse serves to dlscharge the EHT circui’ and can be observed
as a bright flash gach time the instrument is de-energised by

switching off the "POWER-ON" control.

6.9 Visible and Audible Signals {ref: ICRP para 19)

The X-RAYS OM lamp (RED), the POWER CN lamp (WHITE) and the
fitament itsetf can all be readily cbserved from all around

tha instrument.

The ERT gqenerafor operates at high frequency (R.F.) which pro-

vides an audible indication that *he instrument is cperating.

An additional external and even remste . indicator can be con-
nected, if required, by inserting the jack-plug provided into
the "monitor tube current™ socket recessed in The control
panet; any such axternal circuit must operate at 50 uA, the

normal tube current.
6.10 Radiztion levels {ref: \CRP para 17}

tf 11 is desired to monitor the radistion leva! around the
instrument, due affen+inn should be directed to the R.F. field
which can induce false readings in the radiation monitor; to
verity the readings observe the effect of a piece of lead
sheet in various positions about the detecter; it the read-
tngs can be made to fatl below 0.5 mR/hr at & distance of S0mm
from the external surface without placing the lead directly
betwean the detector and the X-ray tube ancde Then Thé F.F.

field is "swamping™ an otherwise "sate level® recsding.

The Tel-X-Ometar i5.cer1ifieﬁ by the British dNaticnal
Radiation Protection Board as complying with all Codes cf
Fractice recommendad by the Interpationzl Commission:-on
Radicologicai Profection; fthe instrument is also approved by
the British Government Depariment of Education and Science for
wse Tn educetional estabiishments under the provisions of
Administrative Memorandum |/65.

6.11 Manufacturer’s Serial Number

The Tef-A-Ometar is conwvection cooled, the alr belng drawn in
through a wire mesh underneath +the unit and expelled around

the perimeter of the top of fthe cyiindrical metal housing.

The Serial Number of each unit is visible Through the wire-
mesh on the underside of the instrement and is afflixed to The
shroud of the EHT transformer.

7.0 SERVICING & MAINTENANCE

As with atl Teftron equipment the Tel-X-Ometer has besn design—
ed to withstand the abuse and misuse which all apparatus used
for course demonstration and student practical work tradition-

ally experiences and i+ will operate for long periods without

the need for maintenance.

Some items however will require sttention at some time during
The useful life of the instrument - the two indicator lamps,
fuses, the relay and the X-ray tube.

The indicator lamps and fthe X-ray tube have @ nominal tife in

excess of |,000 hours and replacement will be infrequent.

7.1 Replacement of "POWER-ON' and “X-RAYS ON"" Lamps.

Switeh off and disconnect from mains. supply.
Open Shield and uynscrew the coloured polystyrene lens.

With the end of a plece of stiff plastic tubing about |0mm in
dlametaer unscrew and remave the bulb.

Similarky insert and screw (n the new bulb.
Rapiace lens,

7.2 Replacement of "POWER FUSE" and "EHT FUSE"”

These fuses are readily accessible on the underside of the
instrument and will only require replacement if a fault occurs
in the power unit circuits or if an incorrect fuselink has

been used.

Note that the EHT fuse (see circuit diagram, F5.2) must be
either a

] Hmp; Delay Type {originafiy supplied)
or 2 Amp, Quick Blow T?pe._

The only other fuselink, FS.3 is provided to protect expensive
components in the event of an abpormal failure and as such it

15z located withip the instrument. |



7.3 Access to the Efectronic Components
Switch oif and disconnect from mains supply.
Open Shield and remove hinge cover plate.

Unscrew the |ock nut retaining sach end of the spectrometeor-
arm drive cord, located at the back of the apparatus underneath
the hinges, see Fig.|l.

Cargfully release, in turn, each end of the drive cord, keaping
it under tension and affix it with @ piece of adhesive tape o
the respective vertical side of the Manual Control, made of

prange plastics materiaf.

From inside the hings chamber remove the two screws uscd for

terminating the drive-caord.
Ciose the Scatfter Shield.

[nvert the instrument onto a piece of sctt cloth and remove
the four screws fixing the flange of the cylindrical bedy to

the base-casting of the spectrometer tabie.

Lift the flanged cylindrical housing by tiiting it upwards and
away from ¥the hinge region and carefully guide it away from

thae multi-plug cable connector; disconnect the cable connector.

The electronic components on the printed circuit board are now

accessih le.

7.4 Replacemant of Fuselink FS. 3

This fuse protects the supply to the heater wvoltage stabiliser
and 1s fitted in an open fuseholder mounted on the printed

circuit board close 4o one of the transistor cooling ptates.

[+ will require replacement only 1 ¥ the output terminals of fhe
stabi liser are shorfed externally or if an internal short

occurs in the stabiiiser circuit itself.
FUSE TYPE: 2 Amp Quick Elow Typs.

7.5 Replacement of Interlock Helay

The relay controts fthe inferlocked switching of the EHT gener-

ator and the correct function of the safety discharge circuit.

spring off the retaining clip; unplug and replace the relay;

replace spring clip.

8.0 FAULT FINDING

¥ is recommended that unless professiona! facilities are
avat lable the rectification of only minor and cbvious faults
are attempted by the user; for more cbscure fauwits the in-

strument showld be returned to the suppliar.

8. Eiementary Fault:

indicater i{amp fails to operate
and the tube filament fails to
Flluminate.

Poscible Causes: Mains ploeg defactive.

Timar switch not operated.
Fowar fuse defective.

Biode bridge DZ =05 or D6 -09
defective.

Transformer T.| defective.

8.2 Elementary Fault: "POWER ON" tamp falis to operate
but tube fitament does illuminate.
Fessible Causes: indicatar lamp defective.
EHT fuse dofective,
EHT stabiliser defective.
EHT cseillateor defective.
Operate "X-RAYS ON™ momentarily and cbserve "X-RAYS ON" lamp -
switch off instrument.

}f tamp operates, then "POWER OW"

bamp or the associaled wiring is defective.

3

I ¥-Rays Cn lamp does not illumin-
ate, check EHT fuse; i1 replacement fuse biows when power is
switchegd on, check EAT siabiliser.

I ¥ EHT fuse blows check oscillator

transtistors for VCE short or collector +a chacsis short.

5.3 Elementary Fault:  "POWER ON" lamp operates but +ube

filament fails to itiuminate.

Fossible Causes: tube pin confact detfective.

Tube heater coil defective; chack
continuity,

Filament supply fuse defective.
Fitement supply stabiliser defectlve;
check input voltage before fuselink.
Fi tament supply wiring defective:

check heatear supply on pins 5 and |3.

9.0 REPLACEMENT OF X-RAY TUBE, TEL 581

| MPORTANT : bt 3 Tube (5 being replaced due to a fsulty fila-

ment, ensure that at least 6 hours has elepsed since the
instrument was last operated; the discharge protection cir-
cuit (see 6.8) depends on the itlumination of the filament for
correct operation; 1f the filament is not operating, the
capacitors in the EHT circuit must be allowed sufficient time
to discharge.

9.}  Disconnect the unit from main supply.

9.2 Displace and open the Scatter Shield (see 6.3) and re-

move the lead glass dome {zee 6.4},

9.3 It a tube is being replaced, carefully liit off the top
cap connector and remove the fube by puilirg in a vertical

direction.

9.4 Examine the new fube and ensurée that the anode has not
been dislocated in transit.

9.5 Orient the new tube such that the bubble window is facing

the crystal post; Then push the pins of the tube into the base
connector, ensuring thet the axis of the helical filament is in
the direction 26 - 6 = 0°.

NOTE : The bubble window may be slightty offset, but the im-

portant feature Yo line up is the filament.

9.6 ULarefully replace the top cap connector.
“.7 Reptace the lead glass dome and lock Tn pesition.

9.8 PFlace the | mn Collimater, TEL 982.00¢ in the Baslc Port
with the slot HORIZONTAL.

9.9 FPlace the | mn Collimator Slide, TEL B62.015 at E.5.13
With the slct HORIZONTAL,

9. 10 Mount the G/M tube and holder at E.S.22.
the Ratemeter (polarising supp!y about 420 voits).

Connect to

9.11 Select 30KV and close and centre the Scatter Shield with

the Carriage Arm in the zero position.

9.12 Connect a 100 pA meter to the '"WMonitor Tubs Current’
Jack socket on the confrel panel, using the jack plug provlded.

9.13 Switch Power On; +he fiiament shoutd be itluminated if
the time switch is not in the off position; if it does not

i ttuminate, proceed as in para. 8.0.

9.14 Operate "X-Rays On' button: the Red Indicator Lamp
shouid illuminate (see 6.7).

9.15 Check that the tube current can be varied from 20 to
80 uA and set at 50 uA.

IF THE TUBE CURRENT CAWNMOT BE YARIED UP TO 80 pA FEPORT ThHiS
70 THE SUPPLIER OF THE- 'NSTRUMENT.
taken by & trained technician}.

tAd justment c¢an be under-—



9,16 "Height’ Adjustment

Remove the lower black rubber grumme? located just below the

hings extansion.

The screw-head thus exposed controls the 'height™ of the X-ray
Tube,

9,.§7 Using a screwdriver, slowly rotate the screwhead and at

+he same time observe The Ratemzter.

Note that the count rate depends on the height of the fube;

obtain a peak count rate and repiace the black grummet.

Before commencing experimental work with the Tel~X-Ometer,
carry out the "tilt" adjustment procedure as detaited in para
| 4.0.

10.0 EXPERIMENTAL TECHNIQUES
10.1 Primary Beam:

The X-ray emission from the fube is collimated at the |ead
glass dome to be a circular beam of Smm diameter, see Fig.!l:
this primary beam diverges from the Basic Port Yo give a use-
ful héam diameter at the Crystel Post of (5mm dismeter, at
Experimental Station (ES) 13 of 20mm diameter and at Experimen-
tat Station (ES) 30 of 38mm diameter.

Where the primary beam impinges on the tead back-stop i1 has a

dizmeter of 60mm znd a penumbral width of approximately 20mm.

With the unit operating at 20kV and SOV A the intensity of
radiation in the useful beam at 20cm (ES5.28) from the focus 1s

about 2 rads per minute.

10.2 Primary Collimators:

The primary beam can be collimated to a fine circular beam
using the Imm diamater Colltmator JEL 582.002 and to a2 ribbon
beam usIng the Imm Slot Coliimator, TEL 382.001; each of
these col limators Is Instailed by inserting the 'G' ring shank
inte the Basic. Port and pushing i# home; the '0' ring retains
the col limator in positicon and allows axchange of “the col-

I 'Tmators even when they become warm.

The col!limators should be rotated when they are Inserted To

unsyre that they are secursly seated.

The tmm Sict Colliimator can be rotated in position to provide
a verticel ribbon of X-rays, a horizontal ribbon or any diamet-

rical ribbon.

10.3 Secondary Collimators:

There are two secondary coliimaters, a imm Sfot Coliimatvor,
TEL 562.015 and a 3mn Slot Collimator, TEL 562.016.

Each of these coltimators is siide mounted and can be

positioned in any E.S. on the Spectrometer Arm.

Always use an E.S5, Spring Ciip, see Fig.l, when posiftioning
these collimators {(and indeed any of the experimental stldes?
to ensure That all the slides are cenfred on the X-ray beam by
pressing them against the numbered side of the carriage which

acts as a datum.

The E.5. Spring Ctips can be easily repositionad by springing
open the toothed jaw on the outside face of the plastics car-
riage. Six of these £.5. Spring Clips are provided, four on
the Spectrometer Arm and two on the Auxiliary Carriage.

10.4 Aauxitiary Slide Carriage, TEL 582.005:
A demountabie Auxiliary 'Slide Carriage is included.

Using this carriage, Experimental Stations t to 4 can be

placed in the X-ray besm in a variety of positions.

Some of the experiments recommended in this booklet require

this carriage 1o be mounted in two particuiar modes,

Mode H {Horizontal} The hule i the end tace of the
Auxitiary Carriage 15 placed over the Basic Port in the glass
dome angd then held in that pesition by one or other of the
Frimary Collimators. In this mode the axis of the centre of
each experimental slide is HORIZONTAL and is transcribed by

the X-ray beam,

Mote that the Carriage Arm 15 now restricted to a maximum Z8

angle of 100°.

Mode V {Vertical) The end face of the Auxiliary
Carriage it placed cver the minor diameter of the Knuried
Cluteh Plate screwed over the Crystal Post, see Fig.l:; the
crysyal mounting jaw and screw should be removed. fn this
mode the axis of the centre of each experimental slide is
YERTICAL and co-incident with the pivot axis of the spectro-

mefer Table.

The X-ray team now passes through the slides at right angles

to the centre line axis. The height of the Auxiliary Carriage
can be adjusted by screwing The Clutch Floate up or down accord-
ingly.

10.5 Knurled Clutch Plate

When the Clutch Flate is screwed down it exerts pressure on a
spring plate which in turn engages the 2:1 spectrometer drive
machan | 5m. When 11+ 15 unscrewad it disengages the driwve
mechan i Sm. This permits the Crystal Post to be manually
positionaed in any doesired orientation with respect to the

Carriage Arm.

10.6 The 2:1 Spectrometer Mechanism:

Open the Scatter Shield and rotate the Carriage Arm until the
cursor gives an accurate no-parallax zerc reading on the 26

scala,

Release the drive by unscrewing fthe Clutch Plate and oush tre
Siave Plate (the inner rotating plate epgraved with two datum
bines, =ee Fig.l} round until the datum tines are accurately
opposite The zeros on The @ scala. It may be necessary fo
"mean out™ small zero-reading differences on each side of the

o scale.

Check thal 1he Carriage Arm cursor is sTi ki at zero on the 20
ccale and szcrew in the Clutgch Piate to engage the Z2:1 drive

mechanism.

Mow rotate the Carriage Arm through o0® (28) and note that the
crystat Slave Plate moves Through 45° t@).

10.7 Choice of operating side:

icse the Scatter Shield - note that the Shield can be dis-
placed in two directions; always siide the Shield Yo the same
side as that of the Carriage Arm. Mote that the gap between
the Shield and the spectrometer ftable, where the Carriage Arm
normatty freely rotates, is eliminated on one $ide of The
instrument, depending on the direction of displacement at The

hinge.

To transfer the Carriage Arm 1o the opposite side, rotate the
arm to the smallest angle possible, about 11< {26Y; now open
the Shield by sliding away from the Carrlage Arm and then

rotate the arm through the zero axis to the cpposite side.

‘H].H Fme and Coarse Controls:

The Carriage Arm is ferminated outside the Shield with an
orange plastics Manual Controt; measurements can be made af

the cursor to an accuracy of 15 minutcs of arc.

To achieve fine adjustment of the Carriage Arm, test The hand

on The base flange of the Tel—-X-Ometer or on the bench top and

using the thumb rotate the knurled aluminium drive whee! pro-

truding from the Manuat Control.



To achieve fine measurements line up the cursor exactly on the
most convenient /g6 gradustion which is central within the
region requiring detailed examination; bold the Manugl Cornlrol
rigidly in this position and "zlip" the Thumb Whes! against
the friction of the drive cord uvntil +the zero on the Thumb

Whee! scale aligns exactly with the pointer.

Now the Thumb Whee! can be moved + 4° (28) about the preset
centre tine by ar amount which can be measured st the Thumb
Wheel scale to an accuracy of 5 minutes of arc; thic amount
ghould be added or subtracted from the selected cursor sefying

accordging 1o the direction of movement 0¥ the arm.
10.8 Mounting of cubic crystals:

Select the LIiF crystal (BLUE) from the box of accesscries and
piace one of the short edges onto the step in the Crystal Post;
ensure that a long broad face, a (100) cleavage planeg, is butt-
ing against the chamfered protrusion of the post, see Fig.2.
Screw up the clamp until the crystal is held securely by the

rubber jaw.

Enzure that the crystal Ts vertical and flat on the step.

THE EXPERIMENTAL FACE OF THE CEYSTAL S THAT FACE WHICH 15
COINCIDENT WiTH THE CHAMFER ON THE POST.

10.10 Mounting of Geiger Muller Tube:

Plug the G/M tube MX1I68 (TEL 546) inte the Helder, TEL 547,

Place the square fiange of the holder in £.5.26 on the carriage
arm without uze of an ES Spring Clip, ensuring that the co-
axtal cable is teading aout from the underside and that the end-
window of the G/M tube is facing the Crystal Post. It is
advisable to leave the plastics guard over the end-Wwindow un-

less wvery feeble count rates are tTo be monitored.

The co-axial cable can be trailed out from the Shield beside
the Manual Control.

10.11 General Facilities:

There arg two radiation-proof ports jocated at esch end of the
kinge cover plate for introducing large cabies, vacuum pipes,

etc. into the experimental zone.

There are four blind holes on the surface of the spectrometer
table for the mounting of inncvative experiments of the
teachers' or pupils' choice; these holes are 4mm diameter,

located arcund the € Scale and marked A, B, C and DO.

11.0 MONITORING INSTRUMENTS:

During Bragg Diffraction experiments (from Experiment D[.14)
count rates.of 800 o 1,000 counts per second are experienced
tor CuKa reflections from the Lithium Fluoride crystal.

Count rates of up to 500 cpe are mere normat for the other
three crystals, MNaCl, KCI or RbCI.

Background <ount rates wary from up to 300 cps at thea fﬁp o f

the "whale-back™ down t¢ 10 cps at the tail-off.

For crystal lography experiments therefore a Ratemeter capable

of integrating up to 2000 cps_is recommended.

For measurements in the main Y-ray beam it should be noted
that the rormal 1n1en5i1v.of radiation will saturate the G/M
tube; the MxI&B has a dead time ot 100 microseconds and hence
the G/M tube wili safurate at a2 count rate of 10,000 cps; the
A-ray Tube current must be reduced to about 5 uhA to prevent

saturation and achieve a3 count rate of about 7,000 cps.  For
quantitative experiments in the main beam therefore a Ratemeter

capable of integrating up to " 7/8000 ¢ps is recommended.

The ¥X-ray tube current should NOT be adjusted without monitor-

iﬁg the current, uting the Jack-plug provided and an external
L0 pA or 120 pA meter.
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NEVER EXCEED 80 MICROAMPS,

The polarising supply for the Mx168 G/M tube should be
variable. from 250 to 4%0 volis dic.: +the threshheld voltage
(s about 370 volts d.c.

When varying the tube current from 20 +o 80 uA the EHT wil|
remzin constant within 5% of the selected value, 20 or 30 kY.
Conversely, when varying the EHT from 30 to 20 k¥ the regulat-

fon is such that the tube current will remain constant within

5%.
12.0 OPERATIONAL ALIGNMENT:

The Tei-X-Cmeter has been caretfully aligned during the final
steges of factery inspection; but o verify that the pre-set-
alignment has not been disturbed during transit it is recom
mended that the following tests be performed.

12.1 Place the tmm Cotiimator, TEL 582,001 in the Basijc Fort
and the Imm Collimator Stide, TEL 562.015 at E.S5.30 and ehsure
that both cal limators are vertical.

2.2 Zern-séf and lock the Slave Flate and the ﬂarriage Arm

cursor as precisely as possible,

12.3 3pring & Spindle Clip TEL 587.008 over the chamfered
Crystal Post and carefully insert a Glass Fibre TEL 567.004 to
be truly vertical, see Flg.3.

2.4 With the Scatter Shield open, operate the POWER ON
switch and sight through the collimators Yo view the reflec-

tion of the tube filament in the copper target ancde.

The Glass Fibre should normally be observed as central in the
"viewing celumn” created by the two collimators, i.e. the
direction of the primary beam and it should be possible to
abtain an uninterrup¥ed view of the anode past each =ide of
the fibre; the glass dome cen be rotated by a smetl amount it
the two dome-locks are unscrewed.

2.5 FRemove the Glass Fibre and the Spindle Clip.

13.0 EXPERIMENTAL VERIFICATION:

Mount +the LiF Crystal (Bluel in the Crystal Post {see "induced
Distocation™, Part 2, para D.27.30).

13.1 Check that the cursor is at zero raadihg (26} and again
sight through the coliimators; the direction of the primary
beam should lie in the surface of the crystal, as doss the

axis of roftalion.

F53.4  the normal Yo the retlecting face ﬁf the. crystal shouid
bisect the angle betwsen the primary beam and the cantre [lne
of The Carriage Arm; for Bragg reflection experiments the
arm Should aiways be moved 1o the same side of tThe crystal as
that occupied by the chamtered Crystal Post protrusion.

12.3 Move Collimator (imm) 562.015% 1o £.5.18 and mount
Col | imatoer (Smm} 582.016 at E.5.03. Mount the G/M tube and

Holdaer at E.S5.26-

Connect to the Ratemater and energise the polarising supply
to the G/M tube (400 - 420 volts d.cl.

13.4 Check that the voltage selector indicates 30kV.

13.5 Move the Carriage Arm through at least 15° {28) in the
direction to deYect Bragg Reflection.

13.6 {lose and centre the Scatter Shield.

13.7 Depress the "X-RAYS (W™ button; the FFD signal [amp

shouid be illuminated.

[3.8 Verify that a éTrﬂng Cuka reflection (bhigh ratemeter
¢ount rate) is. evident at a 2B angle of 45° + 307,

Recorg the 28 angle ot the peak reflection.



tE THE PEAK OF THE REFLECTIOM LIES QUTSIDE THIS TOLERANCE
THEN THE X-RAY TUBE SHOULD BE ADJUSTED FOR 'TILT' AS IK FPAEA.
14.

Mow record the equivalent reflection on the aoposite side of

The table.

12,9 Return the Carriage Arm fo about [12°7(28) and open the
shield by displacing it away from the arm.

13.1C Unscrew the Cluich Plate, rotate the Slave Plate {and
thereby the Crystal) Through 180° and again zero~set the Slave

Piale and the Carriage Arm o5 precisely as possible.

t3. 11 Repest stages 15.5 to 13.8 and record the 29 angle of

the peak CuKe refleclion.

15. 12 The Mean Reading of the reflections recorded at 3.8 and
13,11 should be 44% 56 + |2/,

WHEMN MAKING ACCURATE ANGULAR MEASUREMENTS EXPERIMENTAL ERROHRS
SHOULD BE MINIMISED BY EMPLOYING THIS TECHNIQUE OF TARING A
MEAN OF THE EQUIVALENT READING AT EACH S1PE OF THE SPECTRO-
METER TABLE.

t3.13 The Tet-X-Ometer is now commissioned and certified as

capable of measuring angular deflections {28) +c an accuracy

of + 4%.

cubic crystal

clamping screw
ﬁ‘

clamping jaw

crystal post

14.0 “TILT" ADJUSTMENT OF X-RAY TUBE:

Before proveeding with ihis agjustment carefuily repeat both
paras b2 and 13 to ensure that no alignment errors have been

introduced.

4.1 FRemove the uvpper black rubber grummat located just beiow

the hinge extension.

The screw-head thus exposed controts the "filt" of the X-ray

Tube about a central position.

4.2 Set the cursor of the Carriage Arm at the exact mean of
the resding measured at para. 13.8 and the true Aragg angie
(28) tor LiF of 44° 5g*,

14.3 CQbtain a pesk count rate by carefullf'édjusiing ONLY
the "tilt-contral®’ without displacing the Carriage Arm.

4.4 Now seek and record a peak refitection by displacing the

Carriage Arm only, without operating the tube +ilt-control.

14.5  Sat the cursor at the exact mean of the reading measured
at para |14.4 and the True Bragg angle 44° 561 (28).

14,6 iteratively repsat paras 14.2, (4.3 and 14.4 until the
cursor peak reading falls within the tolerance 45 + 30T,

|4.7 Replace the black rubber grummet and carry oul recom
mendations 13.% 1o [E.IEi

reflecting face

chamfered post

FIG. 2 MOUNTING OF CUBIC CRYSTALS

A

y glass fibre
.ar”'#ﬂﬂi

| if mounting is loose
pack spindle chip with
(Fease oF gum

spindia clip

chamfered post

FIG. 3 MOUNTING OF GLASS FIBRES



D.Z THE ?FHHH GAF
D.53 THE JTONISATITON CHAMBER®
D.4 THE GEIG%R—MULLEH TuBL*
D.% EXCITATHON OF PHOTOEMULS ION

PART 2 : EXPERIMENTAL MANUAL

LIAISON WITH ELECTRON ANALYSIS
{High Energy elecirors?}

0.0 THE RONTGEN ODSLRVATION
{The Luminescent Scresn)

DETECTICN ! | PROPERTIES

D.& THE PHOTOCRAFPHIC FROCESS

ELECTROMAGNETIC
RADIATION

Bl THE PHANTOM
{1/2 and }/i0 value thicknass)

and
THE QUANTUM THEDRY

|
D.i2 DIFFRACTION EVIDENGCE, LAUE

D.13 WAVELENGTH MEASUREMENT
(Muffisld Fiim on Diffraction Grating)

D.14 THE BRAGG BELATIOMEH|P
(Avogadro's Numbear)

D.15  X=-EAY EMISS (ON
(Pianck's Constant)
(The inverse Photo-electric effect)

i
D. i6 X~RAY ABSORPTION
(Absarption Edges)
{Mass Absorption Co~efficient)

D. 17 X«~RAY SCATTERING
(Secondary Emission)

.7 BECTILINEAR FROPUGATION
|
0.8 iN?EHSEFSGUHRE LAW
D.2 OEFLECTION EFFECTS

I
010 PENETRATION & ARSORPTION
({The Linear Abscorption Co-efficisnt]

{Introduction to White Radiation)

‘ FHYS ICS

-

D.18 MOSELEY'TS LAW
{Material Analysis)

|

0. 19 FINE STRUCTLURE
(Key and Kos)
{Emissicn Intensities}

Under Development

.20 ELECTROW ENERGY LEVELS
Robinson/De Brogiie

0.2} THE COMPTON EFFECT
A quartitative measurement

CRYSTALLOGRAPHY RAD OGRAFHY

D.22 HT&H!C S1ZE
(The Alkaline hflida sequence) Film Technigues
D.23 THE UNIT CELL
{One, dimenston, a} D.31 CONTRAST
{Single Crystal, Braggl (Exposure Times)
| {Wavelength,
D.24  CO-ORDINATES k¥ Condiderations)
{The Reciprocal Lattice) (Choice of Filters}
{The Circle of Reflectlion) (Scatter )
t
0.25 THE UNIT CELL
{Two dimensions, a and b) | D.37 DEFINITION
(5ingle Crystal, Bragg! {Size ot Focal Spot)
, (Fiim/Tube/Obiect Distance}
D.26 THE UNFT CELL (Viewing angle)
{Thirg dimension, <)
{The Sphere ¢t Heflection) I
{Rotating Single Crystal D.33 SENSITIVITY
Photograph) {The Penetrameter)
| {(Negative Diagnosis)
D.27 POWDER AMALYS |G
(Extinctions and Intensity) I
(Debye~Scherrer photographs) D. 534 RESOLUTION
i (Feature BRecognition)

D.28 CRYSTAL SYSTEMS
(Simpie, face, body-centred)

{Debye-Scherrer photographs)
| I

D.2% MATERIAL STATE
(Orientation and Laus spots)
{Drawn monofilament!]
(Farticie size}

!

D.20 MATERIAL COMPOSETIONG
(The X-ray Powder Data File)
(Debye~Scherrer photographs)

RADIATION UNITS
& MEASUREMENTS

1

THE ROENTGEN, R

D.35 EXPOSURE DOSE RATE™

|

D.36 THE RAD”

|

D.37 QUALITY FACTOR, QF*

|

D.38 THE REM™

.39 BUILD UP FACTOR*

D.40  S,1. UNITS

* Qptional Experiments: an ionization chamber and picoammmeter or a high veltage power supply will be reguircd



Anguments wene heging ol That Lome hegandivg the nature of
cathode rays and the relative merdts of particle and wave

theotes ana Ronilgen Shnewdfy Labeffed the new 'sadiation

effect’ as X-nadiafien, pending furthes enquiry as o 4ts

natune.

Genaral Introduction:

1T is recognised that those educational Institutians teaching
pure physics probably possess neither the time nor The desire
to concentrate much attention on the application of X-ray

technology to industry or medicine; the conversas may weli

The name X-rays (8 3LLLE in genenal wse foday although the
Lithe "Rordger aadiaiion™ 44 aldo wvaed.

apply 1o those teaching X-ray radiography.

The range of sccescories has therefore been divided info 3
groups, Kit TEL 582 being of basic universal use and Kits 583 Prof. Rowigen whote: .. ..., behind a bound book of about one
and 584 being for specialised application. thousand pages T saw the {fuonescent scncen Light up brightly,

. ), - - . : b
The experiments detailed in this booklet follow the teaching the prinden’s dnk offering scarcely a noticeable hindiance”.

sequence of Series 0, The Production, Properties and Uses of

¥=rays; no claim is made that this seguence can provide 0.2 invert the Screen at £.5.20 such that the phnéphﬂr
adequate coverage ot the subject ftor all levels ot education coaTing faces away from the x-ray tube and place fwo
and it is recommended that experiments are selected, dis- or +hree pieces of printed news sheet betwesn the
regarded or embe!l ished in sccordance with the requirements _ screaep and the tube.

of the curriculum. Cbserve fuminescence,

In his paper pubfished in 1595, Ronigen also wnote ",.. the
X-nays proceed from that spot where the cathode rays stnike
the glass wall, 1§ the cathode rays within the discharge
apparntus are degfected by means of a magnet, it L& obaerved
that the X-nays proceed frem anothen spot - namefy, from that
which 44 the new feaminus ef the cathode rays",

Experimental Notes:

For each Experimental Programme the recommended voltage and
current setting for the X-ray tube is indicated, tcgether with

the retevant sccessory kit required to perform the experiment.

A summary of this latter information is tabled , Agpendix A.

Note that no retiance shoutd be placed upon the timar for 0l. 4 Perform "Pin-hole Csmera Experiment" as dedalled in

photographic expesures of less than 2 minutes duratlon; the Experimental wWrogramme D.32.

timer has been incorporated as a safety device and 1t is not . _
Di.5 Make a right-angle bend in a pleca of steel strip of

sufficient!y accurate for short exposures. Such exposures
length sbout 13 cems and place the two magnets 562.008

can be initiated by depressing the 'X-RAYS ON' button (RED},

_ together at the extremity of one arm so constructed;
timed using a watch and terminated by displacing the Scatter

_ : ] pass the other arm through a Cable Fort on the hinge
Shield sideways, with respect fo the hinge, or by operating -

plate - the maqnet can be rotated from belcw tha
the TPOWER ON' switch.

Cable Pert from a position nesr the Scatter Shield
side-wall to close fo the Glass Dome, still covared
with the black cloth.

Replace the film cassette backstop in position E.S.I13.
EXPERIMENTA{L. PROGRAMME D1 TOQ D&, DETECTION (2 HOLURS)

Locate the Collimator, 582,000, in the Rasic Port and

D1 — THE RONTGEN OBSERVATICN {15 MINUTES): rotate the lmm slot to the verticsl position.

Remove Crystal Pest and Jiaw. Ohserve the imege on the screen and its variation
when fhe magnets are moved close to the X-ray tube
KiT 5B2+584 0 LY [ 5C 1 A DARKENED LAB thereby deflecting the source of X-radiation.

Cover the Lead Glass Dome and both signal bamps with a piece

of black cloth and perform These experiments in a well darkened

shadow of Luminescent
rcom ; altow sufficient time for cbservers to become dark- backstop - sdengen
adapted.
] I Insert Luminescent Screen, TEL SBZ.003 in E.5.13 |
with the phosphor coating facing the ¥-ray tube; Jgiéggﬂiﬁd 'Eﬁggéﬁﬂﬂiﬂd
locate the Carriage Arm in the axis of the beam,
26 - 0. - !

Switch on X-rays and abserve the circle cof lumines-

cence,
“he magnets shouid approach the dome as fow as

o1, 2 insert Screem in E. 5. 20. Remove the metal back pocsible to the base flange in order +o obtain maimum

pfate froem Fily Cassette TEL £62.031 and place the oetlecticn.

Backston of the Czssette in E.S.I03,

Observe an image of the tackstop and its supporting. . . _ _ _
This senies of experiments foflows Senies A wheae the production
anid the phoperiies of zthe free efectron have been siudied; 1he
siudent will probably anficipate some evidence of high erengy

wires on . the soreen,

That banium plating-cyanide could be made ta "§luoresce” when efectrons;  he might justifiably bebieve iﬁai.a hithento
placed cfose Lo a high voftage dischange in, a tube containing widiarovered propenty of the electron 4s that at high enengies
ronidied gas was discovered by Rontgen in 1695, fwe years AT can peretrote the glass of the X-ray tube, the black cloth,
begore I, J. Thomdon succeeded in isofating the efectnon. the nuwsheed and indeed the infervening adin, |
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Senies A commences with the Thewmionic Effect where Lonisation
0f airn brouglt about the dischange of an efectrescope; 4f
X-rays are high speed efectrons then ean ain be Lonised in a
samclan mannen?

D2 — THE SPARK GAP (10 MINUTES, OPTIONAL):
5 KV power supply required

KIT 582 kV as specified SCHA NORMAL LAB

Attach two steel needles to the Auxiliary Slide Carrizge, TEL
582.005 using adhesive tape es illustrated, with points placed

3mm aparT.

Connect the pins to the positive and regative terminals of a
5,000 velt d.c. power supplv, passinc the cables through the
Cable Ports at the Hinge Plate.

Locate the Spark Gap assembly as illusirated such that the
needle points lie in the X-ray beam.

&3
!

D2. | In the absence of arv X-radiation, increase the d.cC.
veltage frem zero and nete that a spark discharge
occurs at abcut 4kV; now reduce the voltage until

the spark ceases.
D2.2 Select 3CkV and operate the "X-PAYS ON' button.

Ncte that the presence of the X-rays precipitates
the spark discharge.

Switch of t the X-rays by dislccating the Scatter

Shield and rote that again the discharge ceasses.

Dz.3 Select 2CkV and switch on the ¥-rays; the discharge
will cnly pass if the potential ditference acrose the
gap is INCREASED.

The X-nadiation causes Lcnisation of the ain 4in the spark gap,
the degree of which depends on the vcitage acnoss the X-ray
fube efectrodes; 4Lt 45 evident, qualitailively, that X-nays
cause {onising events but the technique needs o be devefoped
gon meaningful quaniclative resulds.

D3 — THE IONISATION CHAMBER (1 HOUR, OPTIONAL):
lonization Chamber, Picoammeter, and 5 KV power supply required
Remove Crystal Pest and Jaw.

TEL 588 kV & uA as specified NORMAL LAB

Mount the lonisation Cherber, TEL 588 in £.5.13 and 26 with
the insulator supporting the ceniral electrode at E.5.26 and

the Carriage Arm in the Primarv Beam.

Connect up the circuit as illustrated to a D.C. Amplifier with
a facility to measure currents down to IG-II amps., and
pelarise the lonisation Chamber using a power supply with a

d.c. output variable to 2000 vclts,

this connection as short as possible,

‘ ‘ scneened and good Lnsulation,
I !
I f g ———=]
i [
I |
- U <+ 3 Te
Lo P e

ﬂ - Eﬂ'ﬂﬂ i‘r dlﬂl

D3.1 lonisation at Atmospheric Pressure

Tabulate the collector current 1_ for increments of polarising

voltage vp and plot graphs A to'D.
Tabfe A Tabfe B Tabde C Table D
30RV 50 ud 20RV 50 pA 30RV 20 uA 30RV B0 pA
i v I
o | e o | e p | e P e
1 | x107! amps
c T
Z2G =
A
10 =
C
B
1] —r— T
0 500 1000 V. volis

P
NOTE : Do not touch the Scatter Shield during these exper=
iments as the effect on stray capacitance due tc electrestatic
charging can disturb the uniformity c¢f the results.
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This simpte Lonisation chambexr can be calibrated lo provide an
X-Aay measuring <nathument capabfe of much gheaten quanditative
nesulia than the Spark Gap; changes in Doth X-nhay fube curtrend
and voliage produce memsurably different {onisation currends
within the chamben.

See Experimental Programme D.35

In Seaies A the Theamionic Effect experiment was complicated
by the presence of aix; in the instance of ihis Londisalion
chawber, fon the giver geomeiny of the defectox, the eonly
parameten that has not been varnied {4 the natune of the gas
being ionised and does this similanly complicate fthe hesulits?

D3.2 lonisation at Low Pressure

Connect the exhaust menlfotd of the lonisaltion chamber o a
rotary vacuum pump by passing Fhick-walled rubber vacuum
+ubing through a Cable Port at the Hinge Plate; interconnect
a neadle-valve between the lontsation chamber and the rotary
pump so that a controlied leak of alr can be maede Yo vary The

pressure in the chamber.

Before tasbulating any resuvlts set the polarising voltage, vb
at 1,000 volts and adjust +he pressure in the chamber by means
of the needle-valve until the collector current reads about

5 x Iﬁ_ll amps; allow the system to stabilise in this
condltion for two ar three minutes to permit the vacuum pump
to warm up; the pressure at this point ks about 1mm Hg.

Vary the voltage ?p from zero 1o about 1600 velts; fabulate
and plot graphs as in D3. 1.

1, x 10717 amps

1¢ 9

5 —an o -

{ i '

g 500 il Up volis
Set - up: 5 mins.
Experimental Time: Graph A _ 30 kY , B0 B A 10 min5;
Graph B , 20 k¥ , 50 uA 5 mins.

To verify that 2 continuous discharge occurs at about 600
vel s reduce ?P Tq 1400 volts and switch of f X=rays; now
Increase Up until Ic avalanches without any external lonising
Influence {guickly reduce ?p after thls veriflcatloen of con-
tlnuous discharge fo avold damage to the d.c. amplifier).

For a comprehendive analisis of Ionisation Charaelenidtics
reference showld be made fo siandand text-bocks.

The Regions of Tonisation {1}, Propontionality (11l and

Limited Proportionalfity (11} are cleanly Lffnstrated; {on

the purposes of Sendes U the mode of Lonlsation giuing the
greatest colfecton cumnent, the Gediger Feglon {IV), wilf be
preferied as a convendent and sensditive detecton of X-madiation,

For {unthen:quantifative studics see D.35.
11

D4 — X-RAY DETECTION BY GEIGER-MULLER TUBE {20 MINUTES)

For a detalfed study of the theory and construction of
Counter Tubes nefenence should be made Lo sfandend fext-books.

The foncbation chamber was finst developed by Johannes Geigen
whifst wonking with Prodesson E. Ruthengoad at Manchesten in
1908 2o become a detector which could count indi{vidunt
Lonleding evenis and his work was aubsegquently further devefoped
by Walther Mubfer in 19ZE at Kiel tniversity with the then
Frojesdon Geigehr.

Tn experniment D3.2 the nature of the gas experiencing Lonisa-
Lion due to X-radiation was varied in pressune onfy; more
defaifed xeseanch reveals that 'individual Lonising events'
ane ocewrning due te the X-radiation and that the tofaf number
of evendd Ain a given period of time can be reconded, wsing a
Scaten on wnfegrated, Lo negisden the numben of counts-per-
second, using a Raiemeten. The dunation of the effect of the
fonising event depends not only on the pressure but afso on
the actunf gas oh mixdure of gases used; aften the detfection
of an "individual {onising event' {"eount"} the Geiger-Mulfen
tube misd be 'guenched' An orden o be ready as quichly as
possible to receive the next event; iZhe Counter Tube, TEL 546
{MX168), is self-quenched by means of a mixture of Halogen
gases ol Low pressure.

D4.1 Optimum Operating Voitage (Optional)

Scaler Required
Insart the G.M. Tube in the Helder, TEL 547, and mount The
assembly at E.5.22 (see Part |, para 10.10) and connect o a
Ratemeter/Polarlistng Supply (see Part |, para 11.0).

Set X-ray tube volis a¥ 30k¥; reduce the tube current to
minimom and siowly Increase The current un¥ll a count rate of
about 4,000 cps ts achleved.

Tabukate and plet a graph {A) of the number of counie per
secnn& registered for increments of palarising voltage (most
Ratemcters have an Integral polarising supply with 'practtcal?
lImits of about 300 and 500 volts and the full .M. fube

tonisation characteristlec cannot be recopded].

I | ops
6000 opLimum
seiling /
thneshold iy
2060 volinge | e
| ’
¢
r
2000 P o
by
0 T T ¥ . ~1
¢ 200 - Jif1) 600 v, o fts

The optimum voltage at which to operate the Counter Tube Is

on the tow voitace end of the 'plateau’ about 420 velis.

D4.2 Dependence of Count Rate on kV

Flot twe or three points about 400 voits with the Tel-X-
Cmeter set at 2C0kV and observe that althcugh the count rate

varies, the value of the threshhold voltage remains constant.
D4.3 Saturation

Set the Tel|-¥-Ometer at 3CkV and again reduce the tube
current to a minimum; sSiowly and progressively increase ihe
current and observe that a peak count is reached after which
the count rate fails away; this peak is the saturation
point of the B.M. Tuybe and the 5.M. Tube must always be used

below this peak cn the side of positive gradient for meanlng-
ful resutts.



cps

The 'Resolution Time'

of the G. M. Tube is 7000
detined as

/ X Lpax
max

openating
point

michoseconds

I pax

See 3ls0 para. DIB . ]a'ﬂﬁ‘

The detection of indiuidual on 'quantised' eventd supporta
the sfudent's antoeipation that the X-rays ane high energy
clecthons and Ahis shoutd be fuwithen investigated now that -
a suitabfe defecton of the phenovenon haa been devefopad.

The G.M. fube permits a perumanent numenical hecond Lo be made
of the {onising effect of X-nays; can the edfect on the
Luminescent Scheen, nd a visual defector of X-xrays, be made
pormanent by affowing the emitied 'Light' Lo stimufate 2
photographic emufaion? |

D5 - PHDTGERAFHIC DETECTION {156 MINUTES)
Remave Crysial PosY and Jaw.

DARKROOM

| KIT 582 30 k¥ 20 uh

Cut ou} and fold a pholographic flim EnUEiﬂpE #s 11 lus¥rated,

using Yhirn black paper.

L-n-ﬁﬁ Hﬂ!b¢ﬂﬂﬂ£-~4
= ﬂ;;?
) - )

41 mm 4 wm

AQUANE. | Aquaie

Feid along dotied |Ines.

In a darkroom, remove the fitm from a Filmpak 750/2; place
the piece of film in the biack paper envelope A and fold the
four edges over the fiim; remove the Limingscent Screen,
582,003, from its slide and place the screenm on the enveloped
fiim with fhe phesphor coating In contact with the film.

The white card on which the screen is mounted is refatively

| ight transparent and 50 the plece of black paper, with the
tetter 8 marked in penctl on ore side, shouid be wused to
Yhack! +he screen; ensure that the letter B Tslﬂn the ocutside

face.
Piace the film/oalt screcn assemhly in Filw Cascette 562.013,

5.1 in a normally Vit laberatory lecate the Flin
Cassette at £.5.3C with the pencilled letter B
tacing the X-ray Tube and the Back Stap anly of
Cassette 562.031 at E.5.22 with the Carriace Arm
in the zero beam axis. Expose to X-rays for 5
seccnds and remcve Tc the dark room for processing.
The developed film ctearty illustrates thet an
image of The Back Slop has boon registered but a
penumbra exlsts around the film thch coincldes with

the falds cf The black paper envelope -

The paper envelepe is impervicus t¢ tight and so it

must be inferred that the penefrating beam of X-rays
has been responsible for 'Enﬂrgisfng' the penumbral

area of the fiim and wet the licht from the sali

SCreen.

05,2 Reload the Filim Cassette and repeat 05.) but with

the pencitled letter B facing away frem the X-ray
Tube.

Apart irom an increase 'n blackening the developed
film §is identiczl 3¢ that D5.1; *the film has been
traversed and energised by the X-ray bzam but the
penunbra are silit present; the 1ight emitted
by the salt screen ic thus Yirtensifying! +he

exposure of ¥The cenfral area of the f1lm.

X-radiation causes the exposure of photegraphice {48m and this
exposure can -be 'datensified' wding Light-emitting sadt
sdoheend,

As wiih Londsation chambens, the fechnique of phoioghraphy has
been acseanched vniquely for X-aay defection and many special
types of 4€m and intensifyer scrneens have been devefoped.

P& — THE PHOTOGRAPHIC PROCESS {5 MINUTES)

Remove Crystal Post and Jaw.

KIT 582+584 30 kY 20 1A WORMAL LAB

Remove the circutar frame piate from Film Casse¥te %562.013,
load with & Teltron Filmpak 750/2 and locate at E.5.30.

Place Maltese Cross 562.007 at E.6.729.

Expose o ¥-rays for 10 seconds and develop.

The special double sided ¥-ray {film has registered an image

of the cross.

A simifar Tterative experiment involving Increments in
exposure time would reveal the "characieristic curva" of the
emuilsich of the film. If It is required o perform this

experiment, an externally wperated shutter must be piaced at
the Basic Port 1o prevent the 'ftash pulse' (see Part i,

rara 6.8) from obscuring the true exposure resuiis.

! L*“***'} fﬂiixuda

useful
dens ity
nange

exposue Lime

A~radicgraphars are mainly concerned with the sicpe or "gamma'
of the characteristic curve; the gamma of an emulsion s

defined as the ratio of the "useful density range™, 4, to

the Mlatitude", +, and the grester the value of gamma ths

farger becomes the contrast of the emulsion:
dy - d
i - 4

¥ emubaion =

The upper limit d, is governed by the intensity of fight from
the viewing box and the ability to discriminate in tThe blacker
regions of the film; +the practical lower fimit is governed by
the cmaltest change in objset thickness that can be detected,

the Msensitivity".

The atimubation of photographic [LEm by exposure o X-nays haod
nevealed a similanity befiveen the X-ray phenomenen and Light
hays on electriomagnedic radiation.

In onden to attempt to differentiate between the 'high-enengy
electnon' and the ‘efectromagnetic' podtulations the four
classdcal tests 50 often wsed 4m physies houdd be peajormed;
rectilinear propogation; the Lmverse squane Law; 'deﬁ£aﬁtiﬂﬁ
aue tc efectric and magretic fields; diﬁﬂnaciioﬂ. |
12



EXPERIMENTAL PROGRAMME D7 TO D11, PROPERTIES {2 HOURS)

D7 — RECTILINEAR PROPOGATION {10 MINUTES|

Remove Crvstal Post and Jaw.

MORMAL LAB

I KIT 582 30 k¥ 50 u A

D7. | Attach twc stec| needles to the Auxiliary Slice
Carriage 5BZ.005 using Adhesive tape, acs. il lustrated.

ginp

__[”;[__ / zarm

D7. 2 Locate the assembly such that the needle polnfs e
in Yhe X-ray beam as ilVustrated in para [Z.

D7.3 Load Fllm Cassette 562.013 wlth Fitmpak 750/2 and
focate at E.5.14 with the circular frame faclng the
X-ray tube.

Expose to X-rays for 2 seconds.

D7. 4 Remove Flhn Cassette 1o E.5.22, expose for 4 seconds.
07.5 Remove o E.S5.30, expose far 6 seccnds.
D7.6 Measure Yhe distances belween E.5.14 and E.§.22 and

batween E.S.22 and E.5.30.

B7.7 Develop The #!lm and measure the distances helween
the nesdle polnts for each of the three superimposed

images.

D7.8 Consiruct a diagram of the sxperimental layout.

— N ifm
distance ~—Y— —
befween T —
needfe poinis
Fu 75
ES 30 s 22 ES 14

Contirm that the images of ths needle points obey The

law of recttilinear propogation.

The devefoped {ifm provides evidence that, Like Light, the
Andenaity of the three exposures obey the Tnverse Square law,

D8 — INVERSE SOUARE LAW (15 MINUTES):

Remove Crystal Post and Jaw.

NORMAL LAB

‘mrﬁaz 1 0 Ry 50 A

The intensity, I <f radiation coming frem 2 peint scurce is
inversely proporticnal! to the sguare of the distance, .2,

from the source; as in optical physics,

I=ﬁ(—) and from para D.6 d=1 %
_ i)

the Law of Reciprocity, where d is the density of the blecken-

ing of the film in time & .

13

A photccraphic fiim expoced a¥ 2C cms trom the anode of the
X-ray tube requires, therefcre, four Times the exposure Jo
chow the same dencidty as dees a film which Iz exposed o the

same radiaticn at & distance of 10 ome.

7
£ ___d_Ia‘ta__-'Eh 2
b T =151

Ib Ih Eﬂ

£S5, | lead Film Cassetie 562,013 with a Filmpak 750/2 and
iccate at EL5.14,

DB.7 Place the Lead Mask, 584.006, at E.5.13 such thet the
expnsed porticn of the film will ke In the top right

hand quadrant.
Expose 1o X«rays for 4 seconds.

b8.3 Remove the Lead Mask to E.S.I8 with ihe axposure
guadrant now ir the bottom right hand gquadrant.

8.4 Femove the Fllm Casselte 1o F.5.19.
08.5 Measure the disYances of the fllm from The anode a¥

E.5.14 and E.S5.19 and calculate the exposure reguired
at £E.5.19 to give the same fllm dénsity as at E.5. 14,

Expose to X-rays for the calculated time.

Da.& Repeat the procedure at E.$.24 and E.5.29, aach time
with the Lead Mask just in front af the fiim and
roteted by 90 degrees to expose ancther guadrant of
the f1im fcr the respective calculated +ime.

DE. 7 Develap the film and cbserve
that there is equal blackening
of the four quadrants, confirmlng
that *~radiation obeys the
Inverse Square Law.

Observe atso that at the outside timit of +he beam
thke Image is progressively more blurred and not
sharp, Indicating that scattering of the X-ray beam
by the intervening air is taking place and this is

mors prevaleny the greater the length of alr traversed.

D9 — DEFtECTIDH EFFECTS (15 MINUTES, OPTIONAL):
5 KV power supply required
Remove Crystal Post and Jaw.

KIT 582+584 30 kY 50 A DARKENED LAB

Do, | Locate Plain Electrcdes 562.009 tn £.5.2 and 4 of
The Auxillisry Slide Carriage, with the clroular
plates facing each other.

M.z Mount +hls assembly fn Mode ¥V (see Part {, para 10.4).

De.3 Insert the lmm 5!ot Coil fmator, 582.001, Intc the
Basic Fart wlth the siat horizontal.

Dg. 4 Adjust *he Clutch Plate until the slot I3 central
hetween the Electrode Plates.

0%.5 Connect The lower elecirede %o the earthed negative
of a 2,000 volt d.c. voltege supply and the upper
electrocde Yo positive; pass ih&_cabfas through the
Cable Forts at the Hinge Platse.

D36 loeczte the Backstep enly of Cazsette 562.031 at
E.S. '3, the Lumlnescent Screen 5B2.003 facing the
X-ray Yube at E.5.20 and cover the Glass Dome ang
the slgnal lamps with-a black ctoth.

02,7 Switch on X-rays and ﬂhsérve.fha+ there is NO
deflection of the image even with a potential
di fterance across the electrodes of 2,000 volts.




D9.8 switch off and discennect the voltage supply To the
electrcdes but leave the electrodes at E.5.2 and
E.5.4.

Place cne cf the Magnets 5€2.008 under the overhang

of the lower electrcde and othe other magnet similarly
above the upper electrode as illustrated, to create

a strong magnetic field between the electrodes; test

this with a strip of ferrous metal ¢r a needle.

09.9 Switch on X-rays and observe that there is NO
deflection of the image on the screen.

It 4is evident grom these 'nil-effects' that X-nays do not con-
8481t of high-enengy electhons or othen changed panticles.

1§ X-radiation 48 electhomagnetic in nature then diffraction
will occur using a suitabfe grating; Lo achieve opiicaf
diffraction the spacing of the ghating must be of the same ohdenr
as the wavefength of the incident Light.

In the absence c¢f any knowledge of the wavefength of radiation
no decisdion can be made negarding the itype of ghatina Lo be
wsed.

Furthen Atudies must be made in orden Lo assess the 'qualily’
o4 the X-nadiation,

D10 — PENETRATION AND ABSORPTION (45 MINUTES);

Remove Crystal Post and Jaw.

! KIT 582+584 kV and uhA as specified MORMAL LAB

In the previous experiments X-rays have penetrated the glass
of the X-ray tube (as does light), the black clioth, paper,
cardboard and plastics- ; but not the metal of the needles,

the Maltese Cross, the Film Cassette Backstop and the Lead

Mask.

DI10. |

0i10.2

D10.3

DI0.4
DI0.5

Di0.6

DI10.7

D10.8

DI0.9

DIC. 1O

Place the Lead Mask 584.006 at ES.28 to expose the
top right hand quadrant.

Flace Aluminium Wedge, 562.014, at £.5.29 with & pin

trapped in the plastic of the surrounding slide to

the: datum

should appear in the first exposure in the top right
hand quadranrt.

previde a datum cn the exposed film:

Connect a 100 pA meter to the 'monitor tube current!

Jack socket and with 30kV selected, adjust the tube
current to 80 pA.

Locate Cassette 562.013 with Filmpak 750/2 at E.S5.30.
Expose to X-rays for |3 minutes.

Select ZOkY and rotate the Lead Mask 90 degrees fc
expose the bottom right hand quadrant.

Expose o X-rays for 13 minutes.

Remove the Film Cassette, select 30kV and adjust for
40 y A tube current.

Rctate the Lead Mask to quadrani 3,replace the Flim

Cassette and expose for 2 minutes.

Fepeatl in Quadrant 4 with the tube current set to
60 pA and expoce for 2 minutes.

The developed film reveals that X-rays can penefraie
a light metal such as aluminium bu} ¥he degree of
peretraticn depends not only on the thickness of the
material but also on the voltage applied to the
X-ray Yube; quadrants | and 2.

Variations in the tube curren} does not effect The
degree of penetration but only the densiiy of film
blackening and therefore the intensilty of radlation

in the beam; quadranis 3, 4 and |.

The greaten the fube voltage the greaten the penetration and
the gneaten the tube cwwrent the Less the exposune Lime for
a gaven dnfensdty.

D10.11 Hard and Soft Radiation

Eanby nesearchens noticed that the better the vacuuwm in an
X-ray tube the greaten the power of penetration.

The gas discharge X-nay tubes of the period, with a fLow order
of vacuun and refatively 'gassy', were known as 'sofit' fubes
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and discharged at refatively fLow veltages and conversely,
tubes with a high onder of vacaum wene 'hard' tubes and only
discharged at high voltages. X-nadiaticn frhom the tubed was
called "hand" on 'so04i" and these teams are sLLLE used. The
higher the voliage appfied to the X-xay Zube the 'hander' the
reaulbitant andiation. The sefection of 20 RV with the Tel-X-
tmeten will nesuft in softer radiation than that emcited at
the 30 RV ascfection.

D10.92 Linasr absorption.

KIT 5824534 30 kY - 50 uA NORMAL LAB

tnsert the G.M. Tuke, TEL 546, in the Hﬂidér, TEL 547, mount
the assembly at E.5.22 and connect ¢ a Ratemeter or Scaler.

Mocunt the Auxiliary Slide Carriage in Mode H using the Imm

diameter Collimetor 582.002; reduce the tube current urtil &
count rate of about 10,000 counts per second is achived.

CIC.13  1locate in turn the slides indiceted in the following
*able and record the intenslty of radiation (counts
per second).

1
SLide No.} ES | Thichness I Log 1 tog T -Log I
| P 0
562.033 4 0 —
01 ¢ 0.10
018 4 0.25
.019 4 0.50
018 3
013 4 0.75
020 4 1.0
018 3
OE0 4 1.25
019 3
028 4 1.50
D18 i
019 3
.020 4 I.75
021 4 2,00
020 3
021 4 3.00
.019 2
020 3
021 4 3.5
CIC. 14  Plot Graph as illustrated.
-
4 L rm

The graph is characteristic of an exponential curve

h =
where I Ia i

and u is the linear or tctat absorption coefficient

Log Iﬂ;fr
’
1

-
M .

B =

15

- DIC.15 ~ Tabulate and plot the araph of Log Iﬂ/&"as“a'? .

functicn of £ ; if the practical curve of DID*Id"is_
truly exponential then all points on the log' curve

should !ie on a straight [ine passing through zero.

Observe that this is not so and.the curve has a
tendency to fal! away at greater values of 1 .

B

Rince £og [Tof1)is amalfen than the comnecl exponential value,
then T afone musi be nesponsible for the deviation and i
Langen than theony predicts; ihis in Duan infers that the
X-radiation L& becoming more penetrating as it passes through
the afuminium, This is only consistent with the Law of con-
servation of energy 44 nod jusi one homogeneoud wavelength
but a heterogeneous mixture of wavelengths comprises the
primany X-nay beam, . This £ similan fo white Zight and such
hetencgeneous X-radiation {s called "white' aadiation.

The Leasi enengetlic, sofd nadiation {ELonger wavelenglh) 44
progressively absoxbed by the aluminium such thai the wean
wavelength of the tramsmitted beam progressdvely decheases;
it thus appeans that the quality of the nadiation gets harder

 2he deepen the penetraiion.

To avodd the necessidy Lo constantly anatyse the whole lapaetum
of the white nadiation, radioghaphens refen 2o an "effective
wavetength® of the hedenogeneous primany beamy ithe "effective
wavefength" L& defined as that wavelength which nequines the
same thickness of absonbing medium Lo reduce the infensify Zo
one hald of that of the incident beam as dees the 'whitfe'
hedespgencous beam,

D10.16 Hali-Value and Tenth-Value Thickness.

From 010.14 (I /1) or DI0.15 { where fog 'IQH a fpg 2 = 0,301 )
the Hal f-¥alue Thickness in aluminium for 3C kY radiation Is
about 0.2 mm . [T a theoreticatly exponantial 'log-lina’, A Is
plotted on graph DIO. 15 through ( 0.2, 0.3010 } and zero the
radiation will be thecretically completel|y absorbed by 2.4 mm

of aluminium where £og T = 0 and so fog Ia-f.ﬂ_g 1 is a meximum.

stnce the value 2.4 mm is seriouslty in error it is apparent
that Hatf-V¥alue Thickness is mainly of relevancs to radio-
graphers concerned with the effacts of soft radlation, for
exampie in medicine where the damage to the outer body tissues
dug to absorption of soft radiation Is closely studied.

Radiographers concerned with hard radiation and with protection
calculations more commoniy use the Tenth Value Thickness where
1- Iaflﬂ . from graph Di0.14 the Tenth Valua Thickness in

aluminium for 30 kY radiation is about 0.9 mm.

The straight line B thraugh zerc and the point { 0.9, 1.0 )
where Log I /1 = £og 10 = 1.0 predicts that the radiation
will be completely absorbed by about 3.25 mm-of aluminium

which more nearly approximates to practice. See also para 839.



D11 — THE PHANTOM (40 MINUTES)

Remove Crystal Post and Jaw.

HIT 58Z2+584 NORMAL LAB

30 kY I 80 WA

Czreful ly locate Auxiliary Slide Carriage in Mads H without
using eithsr of the Basic Port Collimetors.

Mcunt the FPhantom TEL S62.0172 at E.S5.20.
O .8 locate Blank Shide 562.033 at E. 5. 4.

Ptace a Filmgpak 75G/2 In Cassetts 562.013 and

locato at E.5.30, with carriage arm in zero axis.

Expose for Z minules.

DIL.z Reptace the Blank Slice with Aluminium &!ide 562.G18

(O.Z25mm) at T.5.4.
Reloed new Filmpak in Cascetde 262.013.

Calcriate, using Greph T10.14, the exposure required
to give the same film density as in Qil.) (This will
be more then twice sisce 0.25mm of zluminium is

greater than the Half-Value Thickness}.
Expose for calculated Time.

DI Add Aluminium Sliges S€Z2.017 (G.lmm) and S62.019
(0. 50mm} at E-S.3 and E.5-2 - the totzl thickneszs of
aluminium is O.85mm which is almost ewactly the

Tenth Value Thickness.

Reload pew Filmpak in Cassette 562.043.
Expose for 20 mirvtes (2 » [0 minotes).

Compare the three developed films.

Although these experimenis wene intended Lo give equavalent
intensitics, that this is not s0 is phoof of the heterogeneous
nature of the X-xaus; Zhe more enengetie wavefengths ane wnok
absonbed resuliing in gheaten film densities.

The construction of the phaniom {a a sandwich of Three equal
thicknesses of plasticst materiad which As apphoximaiely "2issue
equfvalent” with nespect tov absorpiion.

The central fayeh of fhe sandwich has a bone-shaped hofe oot in
£t which 48 filled with caleium canbonate, approximately "bone
equivalent”, and three pieces of fead shot.

Digdenent thicknesses of calcium carbonate ane Ltravessed by
the X-rays; 1) the thickness of the {{fling in the bone-hole,
21 the voids creafed by fthe movement of the Lead shot in the
powder and 3]  the seepage intfo the separation planes of the
plasiics Layens,

At the Fourth International Congress of Radialogy in 7urich
Dr. Christen made use of the Half-Value Thickness to define

the homogeneity of a radiation besm.

Hf radiation at the Half-Volue Thickness, 1, = 0.2 of 010,14
is considered &s incident radiation for penetrating a sub-
sequent thickness of aluminium then a progressive second Half-

Value Thickness, Ig can be read aoff the curve at

Iﬂff

rd

- ]ﬂf#_ The value for Z, is about .5-0.2 = 0.5 pm,

Dr. Christen defined, for bloiogical purposes only, & beam of
radiation as being homogencus when iEIII = 1 and for all

val ues greater then 1 the incident beam i1s heterogenecous.
“From graph DIO.14 iffif = §.3./8.2 = 1.5 ., confirming that the

radiation emitted at 30 k¥ is heterogeneous.

Cea zlso para. D 37.

D12 — DIFFRACTION OF X-RAYS; LAUE (45 OR 75 MINUTES}

Adopding vew the rationaf asdumpiion fthat the beam Ls hetenro-
genecus and efecixomaenelic, then the emission fhom the X-nay
tube shoubd obei the faes of wave motion; the wmost classical
eiperdmental eniienion for wave moilon L& the demons Eration 04
corafructive on desinueiive nfeagenrence, the digfhraction
edfect, '

ALE the canfy ati{empls ancund 1907 to obiain defdraction
peiterns, based on krown oplical Lechnigues, weae noi genenaf-
£y aceepfed as conclurive, The cangfuf manufactune of the
finesd possible gratings proved inaﬁﬁéciiue,

n 1912, Prof, Max von lane peostufaied thet the wavefength of
X-naygs was mach shorten than most expenimentferns befdeved; he
suggedied fthat the basic granularity of malten was imposding
nestnictions on the construction of gratings f4ne enough to
paude dijfraction; he concfuded that this very gianuﬂanixg
mighi prouvdide a J-dimensional graling foa the difgraction of
A-Rags,

In 1913, Paofesson loue's theoretical proposal uds successd-
fully tested by Friedateh and Knipping.

kIT 282 30 kY g0 nA NORMAL LAB

DIZ.1 s ing tweezaers if avallable, carefully select one of
Tho Minl Crystals, TEL 5B2.007; the Crystsls are

Lithium Fidoride and are very fragile.

EH 2.2 By means of ¢lear adhesive tape mount the mind
crystal over the existing aperture of the lmm diameter
Primary Beam Collimztor 5820007,

Dl2. 53 Mount the Auxiliary Slide Carriage in Mode H {see
Part |, pera 10.4) using the Crystal/Coliimator
assembly, assuring thezt the long axis of the crystal

iz verticala.

Dlz2.4 Load a Filmpak 75072 into the Cassette, 562.0135.

Z.5 A good Laue pattarn can be recorded with the Gassatte

locataed at F.S5.2 and exposed for 20 minutes.

Greater dispersion and film density s obtained with

the: Cassette iocated at £.5.3 and exposed for | hour.

The laue patfenn, an arnay of dofs arcund an dntense cendrak
spot, ALiustrates, with discennibfe symmetry, intenference of
wave motion doe Fo diffraction.

Late 4n 1913, @. L. Bragg Jeought Lo explain the basic
fonmation of the Laue diagram very simply; the paimary beam
of waves is scattened by the atoms in successive crystal
planes and where the path-femgths differ by an integhal
mubtiple n of the ﬁuue_ﬂmagtﬁ x, Zhen strong re-inforcement
OCCULS .

The Lave pattern in this expeniment i& intended to ilfusinaie
diffraction uf X-rays £n a quali{fative sense onby - Ain order Lo
inteapnet o lawe configuration, apart phom the complexify of
the mathematicaf angfusis, the wavefengfh of The phimany
radiation must be kpown.  This wavefergth, 3, L8 s4dLE to

be eatablished,

D13 — WAVELENGTH BY DIFFRACTION GHATING

Although suitable men-made gratings were not available j0
Friedrich and Knipping (1912} they are now menufactured but
they are expensive; turthermore, considarable time-consuming

precision is required to set up such experimental apparatus.

The Nuffield 8MM Fiimloop, PLNGUIN NO.XX|,666 on this subject

is recommended; explanatory notes are included with each film.
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D14 — WAVELENGTH MEASUREMENT: BRAGG METHOD { 1% HOURS)

Sir Lawrence Bragg presumed that the atoms of a crystal such
a5 Sodium Chioride were arranged in 3 cubic and regulér

three~dimensiconal pattern.

The mass of a malecule of NaCE is M/N Kg, where M is the
motacular weight (58.46 x 1077 kg per mole} and N is
Avogadro's number (6.02 x [04° molecuies per moiel.

The number of molecules par unit volume is pf# molecu les

per cubic metre, where £ is the density (2.16 x 03 kg m~>).

Since NaCE s diatomic fthe number of atoms per unit volume
is  ZoN/M atoms per cubic metre.

The distance thercfore betwean adjacent astoms, d in the
tattice Is derived from the equatiocn

i

3
—— or d = JM/2oN
2N/ M

ang for NaCk, d = 0.2382 nm.

AL

b T

The flrst condition, for Bragg "reflectien™ is that the angle

of incidence 8 equels the angle of reflection -~ this 1s as
for optical reflection and infars that any detector of the
reflecied rays must move through -an angle 29, the 2:|
spectrometer relationship.

neflected
wave grond

The second condition is that reflections from several layers

must combine constructively =

nk = Al + BC = Id sin §

KIT 582

30/20 kY 20 ph

NORMAL LAB j

Di4. | Mount the Nalf crystail, TEL 582.004, in the crystal

post (¢ee Part 31, para IQ.9) ensuring that the major

face havirg "flat mati" appearance is in the reflect-
ing position (see Fara D27.30).

DI4.2 Locate Frimary Beam Colllmator %82.001 in the Basic
Fort with the imm slot vertical.

DIA.3 Mount Siide Collimator (3mm) 562.016 at £.5.13 and.
Collimator {Imm} 262,015 &t E£.5.4E,

Did.a Zero-set and fock the Slave Plate and the Carriage
Arm cursor as preciseiy s possible (2ee Fart |,
Fara. 10.6).

DI4.5  Sight through the coliimating s)its and observe that

the primary beam direction ties in the surface of
the crystal.

17

Did.f

nlda.?

Mount the G.M tube and 14's holder at E.5.26.

llsing a Hatemeter track the Carriage Arm round from

it's minimum setting (about !!Q, 20) t¢ maximum
settirg (atout 1247, 2@,

Flet on graph paper the count rate per second at 1°
(28) irtervals, alliowing time af each reading to
estimate the mean of the fluctuations of the needle.

The Carrisge Arm should te indexed to 15° (26) and the
thumb whee! set to zero; when the Scetter Shield is
clozed, settings from 11° 10 19% can Be achieved using

only thumb-wheel indicetions.

I The ratemeter hos a loud speaker, nete the random

"guantum¥ neture of the beam of rediztior at low count
rates.

Where The count rete appears to peak, piot intervals
of only Q' arc using the thumb-wheel (see Part |,

para 10-8;3 =at each peoak, measure and record the
maximum count rate snd the angle 28 as precisely as
possible.
1
cpd
NaCE
30 RV
120 7
§0
£0
|
0 ;
Q bl 25°
DI4.8  Select Z0kY and repeat DI4.7.
I
cps _
50— 4 NaCk
' 20 gV
409 3
b
1 A, A A
0 1 Y 5
) 30 &b i Eﬂﬂ
Observe that the continuous spectra of "white"
radiation exhibit peak intensities (feature ZJ and
intercepts on the 20 axis (feature 1) which only vary
With the voltage setting of the X-ray tube.
The six peaks, features 3 to 8, suparimpnséd cn the
cantinuous spectrum do  not vary in angke 26 with
voltage setting, but only in omplitude.
Dl4.9 Tabulate the results from the six superimposed peaks
of the graph and calculate A and n.
Feature 2 9 8 Ain 8| ¢ d n "
3 80.564
8.564 .
0,564




Observe that the sharp peaks are a pair of "emission counting period the greater the accuracy of the

| ines" which re-appear in second and third orders of results.

ditfraction. 015.2  Mount the éuxiiiary slide carriage in Mode H {see

The more energetic rédia+imn, fermed KB, is succes- Part 1, para 10.4) using the Imm slot Primary Baam
sivedy less intense than the longer wavelength, Xa, _ Col { Tmator, wvertical.
| ine.

Di=-3  Position the Stide Cotlimator, (lmm siot) 562.015 at

_ E.5:.4 and Slide Collimator (3mm) 562.046 at E.S.I3.
In the absence of micho-gratings, the Taecasonable argument”

was formubated by Sirx Lawrence Bragg that the NaCe chystal 5.4 With the NaCf crysta! mounted as in 14.1, set up as
cowld be used as a 3-dimensdionaf grating which would reveal for 14.4, 3 and 67 select 30V,
diffraction ingoamation by means of which the wavelength o4 DI5.5 Measura, tabulate and plot the count rate at every
the primany radiation coufd be esiablished; but in the second 30" arc, commencing at 117, 307, until the "whale
sentence of D14 a bland assumption &5 made for Avogadro's back" appears to fail oft.
nuwmben, 1§, however, the wavefength of the radiation £ I
obtained by using a man-made ghaiing, as in P13 ther a con- s Nalf
Lemporahy approach is to reverse the sequence of the Bragg 120 o 30 kv
angument to provide an aeeurate evaluation of Avegadro's | ittt
earhiage

nimben. :

80 seliing
Whichever didactic tequence L& adopied, the Bragg expeniment ] I
verifies that the ineldent sadintion s both efectromagneitic

and heterogeneous and thal co-operative intexference can be

induced using a chystal as a diffraction grating. 40 J 20 hv
. Fa
The chystal itself cannot be consddened as the Aounce of the /
"dual' spectrum due to phoion bombandment; z2he confinuous 0 4 ’ 7 w mae .
specthum 48 modified in bozh minimum wavelength and genenal 6 YR a2 20 200

intensity only by changing the X-nay fube aceelerating vollage,

w r D - ’ -
without any variatlions in chystal panametenrs; the "emission 13.6 Repeat for ZOkY

Linea" ane particufonfy discreet in angfe (20] whereos Observe that the minimum setting of the Carrlage Arm
acdiation from the chpstal due Zo phoion bombardment would be requires an extended extrapolation of the 30kV curve
multi-dineetionat. to obtain and intercept on the x—axis : eurves of
The. iation must be denived through some “inverse photo- siml jar nature can be drawn for the KC& and the RBCE
electric effect? fuom the impact of the themionie elecinons ) crystals.

on the Coppen forgef within the X-ray fube,
With L{F however a more precise intercept can be

p ot ted.
D16 — X-RAY EMISSION (1% HOURS)
JIn striking the Copper anode the majonity of aﬁaataunalexpan— CI5.7 HReplace NaCf crystal by the LiF crystal, zero set and
ience nothing spectaculan; they undengs sequential glaneing repeat 15.5 and 13.6.
cobbisdons with panticies cf matter, ALose theix energy a . I LiF
Little at a time and merely increase the average hinetic cPe
enengy of the penticles in the fanget ; the fangef gefs hof, 120 30 kY
The minoxily of efecirons will underge a vardely of glancing ,
rollisions of varging sevenity; he electrons are decefenated mlrimiom
Ampariing some of their energy Lo the fanget particfe and some 07 canniage
in ithe form of electrwomagnetic nadiation equivafent in enghgy setbing
1o the enengy Loss experienced at each collision. 1
Since these colllsdlons uwsually ocour at a sLight depth within 404 I 20 RV
1he ia-'cgat the fongen, fess enmengetic, wavelengihs ane
absonbed within the tanget maienial. Y /\
This "bremssinahbung” ox "baaking radiation™ {8 thus a con- ° 15- 5' IQ}T -.,5' - ___,..1;5 0
Linvous spread of wavefengths, the mindmum wavelengih [ox 26
moximum chergy) bedng deteamimed by the acceferating voltage Observe that the curves fiatten out before intarcept-
of the tube. ing the axis, due to the contribution of the general
Rin " ﬁ[%} or ulmin =k background radiation.
whene V is the X-nay Zube voliage sefected. DI52.8 Extrapoiate the thecretical intercepts and tabulatse

the results:

D15.1 Minimum Wavelength, Planck's Constant.

_ ) cuptat || v} 28] 8 |sine] 2} ] Va
KIT SB2 30/20 KV 80 uA NCRMAL LAB ' - ! -
= s NaCZ. 1} 30 kW] - 0.564
An accurate determination of the minimum wavelength Nacet  (Fzowv] b ' 0. 564
tntercap¥ on the x-axis reguires that the Ratemetar . : —T —1
- be replaced by a Scaler; counts should hé recorded LiF 30 kY | 0.403.
over af least |10 second durations, the fonger the LiF 20 RV 0.403
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14 the theony of the “inverse photeefectiic effect” {8 valed
then Einstein's assuvplion of 1905, that boih emission and
absonption are "guantised”, must be fesied in relaion Xo
Peanck’s fommufa fon phote-efectron emissdon

W = kY oules

where w is the energy assceiated with edch quanta , v 4 the
frequency of hadiation and h is PEanck's consiant,

Since v = ¢/ fon electnomagnetic nadiation whene ¢ L& the
vefoeity of Light , and w = Ve , the maximum eneagy Lhat can
be acquined by any efectron within the X-ray fube system, then

Ve = he/> or h =V li%l .

0i5.9 Calculate the mean value for VA from DI5.8 and

evajuate h .
-9 4] - |
( g= 1.60 x |0 covlombs 3 ¢= 3.00 % 10 m sec 3

Compare with the international value for h of

6.62 x 107" joule-sec

The difference betwsen the accepted standard value and
the evaluated result for h of about 5% is well

within experimentat timits and illustrates why the
"inverse photo-clectiric effect? is considered to be &
vary accurate method of determining hk , the fundamental

constant in the Quantum Theory.

1+ is assumed that previous sfudies of optical spectra have
esdablished that ¥eharnactenistic Lines" in the wisible
region of the electromagnetice spectrum are em{fled from
atomic enengy-fevels of high principal quandum numben, the
N, 0, P and @ Levels; the relatively much shonter wavelenglhs
of the characteristic K8 and Ko Lines indicate that these
shonten emidsions are due to electron fyaméiilons al ehergy-
Leveds of Low principal gquanium munber.  Any elecdron from
the X—nay tube §ifament hauing sufficient epengy to eject a
K efectron in a collision process will fondse the Coppen
alom;  the Liondised atom will revent fo it's siabfe sinte
thaough efectron thansiiions, each Tranadtion being accom-
panied by the emission of a phofon of equivalent enchgy.

H & = ) EEU
n=4 3 ' N
Mo l
= § =— ' M
8, Bo I a
JE 3
n= 7 2 L
] i
T2 %M

K -Sehiesd

L4y 4

By deginition, the KB emission hesults from thansilions fiom
the N and M feveds o the K Levef and Ko ghom thansitions from
the L to the K fevef [see para, DI19); the N and M fevels have
a greaten energy diffenence with aespect Lo the K fevel than
does the | Level and hence the wavelength of the Kp phofon L4
shorten and moag energelde fthan that of Ko,  But the closen
proximidy of the L and K feveds nesults in more frequent
thansitions than fox the N on M feveds and hence there is a
greater "population" ¢f Ke exhibited by the refative inten-
sities. of the peaks 3 and 4. of graphs PI4.7 and &. |See adso
para, £19.7). ' |
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The Bragg eaperiment has established that a ecnpstal can be
used Lo demonstrate the co-operaiive intenference of N-xays;
the wavelength Limid of the comlinuous "whife" spectrum is
dependend uniyuedy on the energy imposed upon the elecitnons
by the pofential difference bedween the efectron Emiftiﬂg
§ilament and the anode, rdgandless of it's watenial; the
Yeharactenistic” Line specthum, superimpesed upon the white
specthum A4 due 1o the efemental composition of the anode and
the enengy-Leveds associated with if's individual efectron

& ystem.

The Eines are unique Lo emisadon from a Copper fanget and
are thus termed CukKB and CuKo emdssion fines,

Spectraf anafysis lhy The Buagg fechnique can accuratefy
evatuate a) an wnidentified voltage, us.ing both a hnoun
enyatinl and ancde matendal, b] an wiknom crgatal siruetune
using an identigied voliage and anode maternial and ¢}  the
chemicaf composition of a mateniaf serwing as an anede o
emit chanactendstic nadiation, using an estabbished crystal
and an accurately degined vefiage.

The prccess of X-ray emission £s duch that the wavelength
may well overlap both the ulina-uviclet and the Gamma negions
¢f the broad efectromagnetic spectrum; 4in the "Telinon
Approach fo Atomic Physics¥ the phenomenon of Gamma radiation
has yet to be studied.

By its mode of emission X-radiation L& therefore degined,
through The “invense phofpetecinic effect™, and net by wave-
Length; "ultra-viofeX" nadiation resulits from classical
profoclectnie events and "Gamma" radiation {rom nucleanr
disinteghations.

However, condequent upon the similarifics between diffraction
o4 optical and X-nay wavelengths, the student will lurely
anticipate 'absorpiion' effects in X-ray, as in oplical,
Apectan, |

D16 — X-RAY ABSORPTION {1 HOUR}

KIT 582 30 kY BO pA ! NORMAL LAB

DI6.1  tocate.the NaCf crystal in the crystal post -as in
¥

DI6.2 Mount the Auxiliary 5lide Carriage in Mode H (see
Part |, para iC.4) using the Inm stot Frimary Beam
Coltimator, vertical. tocate the Silde Collimator
{Smm stot) 56Z2.016 at E.5.4.

DIé.3  Position Slide Colbimator (lmm) 562.015% at E.5.18
and the G.M. Tubs Holder assembly at E.5.26;
connect the G.M. Tube to a Scafer: duse to the low
count rates of this sxperiment, counts should be
recorded over at least 10 second durations; the
longer the counting period the greater the accuracy
of the results; it i1s also advisable jo monitor the
tube current and adjust as necessary to 80 uA.

Ensure that 30k¥ is correctiy selected.

DI6.4 Tabutate counts, Ip from 20° (28) +o a0° at 1°

intervals.

0 - . .
8 Ioeps |1, ops L1, 8 I
4
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Di16.5 tocate the Copper Filter 564.006 at BE.5.2 and

tabulate counts I.,.

Di6.& Calculate the ratio Ic“flﬂ and plot as a Percentage

Transmission against angle Z6.

Thwismissdion %

100- KA Ko Cu foit

504 ——

¢ T 1 T ! L W
Z{ 24 28 32 34

247

Cbserve that the whole spectrum has been reduced in
interisity but that the expected "seli-reversal" of
fhe ﬁﬂ.and Ko tiﬁea ts not evidant; a wvery abrupt
distﬂnfinuify is revealed however at a wavelength

just shorter than the K8 line.

Dl6.7  Frem the graph, determine the angle 28 at which this
discon¥tinuity occurs and caltculate the equivalent

wavelangth in accordance with the Bragg equation:

A o= 2 d 4in 8

The Copper Foil interposed of E.S.2 has a finite thickness,
12.5 x 1075 metnes and, applying the Linear Absorption Co-
edilicient as studied at P10.14 some absorption of the
apecitrom must be expecied,

That Coppen does not "revensibly' absoab £i's own chanactel-
i6tic emission Eines Kp and Ka 44 in agreement with the
theony outlined in the commenis following P15.9. To Lontae
an atom of the Coppen tangel in fthe tube any efectron from
the filament musi have sufficient enengy fo Liberate an
efecthon in the K fevef on indeed the L Level for LB on lo
emission hot defectabfe with the compact geometry of the
Tel-X-Ometen . Thus, in hypothetfical termd:

%
[ﬂa}wh+m 10 x 107 eV .

Following an M Lo K efectron fhansition a KB phofon 4Ls
emitied having enengy W, 4 on -9.9 x 16 ev {ie 10,000 +
100 eVl; there L5 thenefore a nelatively small encagy
difference of 100 el

The discontinudity occunds at a wavefength of 6,138 nm {from
P4.7) which is just shorter in wavelength than the Kg
emission {about 0.140 wm from DI4.9) and it {4 evidend theae-
jone that a "efasaical photoelectric effect" has oceurred
wheredin sone photons in the primary X-ray beam have sufficient
energy to donise the Copper atoms in the foif placed ot
E.5.2, '

Furthermone, the vafue of the wavefength .indicates that the
incident photens must be a componend pant of the "while”
xadiation; the Ainference {3 thenefore that the Coppes
foil will exhibif the "absoapfion edge" when expoded Lo
nadiation containing enexngies equivalent fo 0.13% nm, negand -~
Eess of the malenial of the sounce,

The discontinuity is thus unique to the system and £s eferred
to as the Cuk Absoxpiion Edge. . = - ‘ |
Since the efemerts in the ﬁe;iﬂd@c table have different
enengy-Leved slauclines and denaities the aiuﬂﬁﬁi.cuuﬂd AOW'

expecd Lo find an efement which Wilf discreetly absorb Coppex
K emcasion by a systemaiie siudy using foifs of different
elements, bui egual thickness.

6.8 hemove the Copper Filter from E.5.2 and replace with
the Zinc Filter 563,006,

Repeat 16.5, 16.6 and 16.7.

ingy T  AAL
AanAmeaston § Ke Ko T foid

\/

g 20 24 D 32 34

£16.9  Remove the Zinc Filter and replace with the Nickel
Filter 564,004,

Fepeat 16.5, 16.6 and 16.7.

Tﬂﬂ*{ Thansmission %

K3 Kt N foil

509

28°

DF6. (0 Remove the Nicke! Filter and repisce with the Cobalt -
Filter 564.008.

Repeat 16.5, 16.6 and 16.7.

1ot 4 Transmission % Ke Ko

Co 4oLk

50 =

Observe that only the Cobalt Foil has absorbed or
"filtered out™ both the Cuk emission lines but that

Nickel has dramatically discriminated between the

KB and Ka radiation.

Ciearly the absarpfiﬂn af X-rays is dependent not only
on the thickness of the absorbing material but alse

on the nature of the materisl itself.

The Linear”ﬁbﬁﬁfpfiﬂn Co-etficient Ts not therefore
auffi:iehfly gefinitive for X-ray purposss,
eapecialiy'wiTh thin foils where the effect due to

the material is greater than that due fo fThickness.

20



DG 1Y

Dl&. 12

The thickness & iz relzted 1o the material itfselft
by the equation 1 = m/p per unit area, where m
is The mess and p  is the mass density qf The

materiat.

The equation for the Absorption Co-efficient can

therefore be re-written

- uti/p fog Tu/l

I = Jp & or wfp = ———— = p W kg

B, is defined as the Mass Abscrption Co-gfficient

On examination of the transmission graphs drawn during
the experiment, i¥ is apparent that M, is dependent
not cnly o mass bBut atso on wavelength; where an
absorption edge occurs fwo vatues of ¥ . 2 meximum

and a minimum, are defined for the particular wave-

length.

The student may determine the maximum and minimum
Maes Abscrption Co-efficients from the graphs for
each absorption edge but due to the relatively broad
width of the beam, accounting aiso for the leck of
finearity in the practical curves, tha results will

hear Jittle retationship to published standards.

The experiments have demonstrated that Characteristic
Hadiation is only emitted when the enargy of the
incident photon or electron eguals or excesds that of

the Characteristic Absorption Edge.

Conversely il an Absorption Edge 15 obsarved there
must be X-radiation present which is characteristic
of the absorbing material; this radiation will
"fluoresca™ iadiscriminately in all directions, but
the wavelength of this "secondary emission™ will
always be slightly longer then that of the incidant
radiation.

-

Set up for Bragg Reflections as in Di4.[ To /.,
Without plotting the results on paper, insert eoch
of the 4 filters at E.S5.14 and observe the effect an

count rate at featuwres 3 and 4.

D17 — X-RAY SCATTERING (50 MINUTES}

KIT 582 30 kV S0 uhA NORMAL LABR

Fails of the slements Zn, Cu, Co and Ni sre offixed to four

of the faces of a moulded piastics octagonal drum and the drum

lccated to rotate within a moulaed plastics outer case which
locates tn the crystal post; this is the Rotary Radiator:
56 4. 00t .

the other four faces ara oQoccupied by metal slements which are
sequential when classifled according to theic ATOMIC WEIGHTS,

as prescribed by The study of the Mass Absorption Co-efficient

in D16,

Zing (7n) 65.37 | Fon [Fe)l 55.85
Copper (Cul 63.54 : Manganese {in) nq, 94
Cobalt (Co) 58.93 Chromium {Cr) 52.00
Nickel [N 8. I Vanadium (Y 7 501,54

The drum has eight rest positions; an attempt can be mase to

"tluoresce" the characteristic X-radialion of sach elumen! by

placing them in turn into the wirdow in the cover which is

irradiated by the primary beam from the Copper tsrget tube.

The symbcl of the efement in the i rradiation window 15 shown

in & second window at the rear of the Rptary FRadiator.

21

Ol 7.l Remove the jaw clamp trem the Crystal Post: mount
the Rotary Radiator and fix with the clamping screw

without replacing the jaw.

Bl7.2  Turn the Carriage Arm to rest at 20° (26) 1o the X-ray
beam axis and verify that the Rotsary Ragiator presents
The 1rradiation window t¢ the fasic Port at an angle
0
ot 457,

Screw the flexible actuator cabie into the socket on
the kotary Radiator and lead it cut of lhe experi- |
mantal zore to 3 convenient operating pﬂaiTiGn.ﬂufsidE
the Scatter Shield.

Suceessive rotations of the foil drum <a3n now be

achieved without disturbing any electrical parameters.

7.3 inserfy the Primary Beam Collimator 582.00| into the

Basic Port with the |lmm siol in the horizontal

poastiTtion.
Dt 7.4 tocate the G.M. Tube and Hoider Assembly et E.5.22.

Mezningful resulits can be obtained with a Ratemeter

but a Scaler provides greater accuracy.
L/ Locate the Blank 51ide 562.033 at E.5.13,

Mzasure and tabulate the Intensity, I, for each of

the elemants on the Rotary Radiator:

RADIAT R I, I 1/1q
Af. Wi, Efement epd 'l
50,54 v
5¢.00 | Cn
54,64 #n
25.85 Fe
58.717 N4
5§.93 Co
63,54 Cu
&5, 37 Zn

Gbserve that the values of intensity I, vary consider-

ably.

14 is indeaesidng that thene L5 any "secondany emission” at
alk frcm the In and Cu radiators; expendmert D16 has
LLRus Trated that CukK emission L5 Lov £ﬂﬂ§ in wavelengih Lo
excite the Abschption Edge of either In on Cu. 1§ shont
wave.Length white” nadiation was exciting the In on Cu then



the fevel of Antensite would be very much fess fhan fhatl of
the Ni on Co hagiotond, kacwn fo be excdted by the CuK
nadiction which coratitutes o fange propordion of the primary
dncedend beaw.

1% musd ke concfuded therefone thaf some wnciaend phelders
expenience menely efasfic collisiond anid ane "eeattened” oud
of The direction of the primanry beam but wethout appreceable

Foss 0f energiy.

DI7.6 Remowe the Blank Stide at E.5.13 and replece with
lhe Zinc Filter 564.009.

Measure and tabulate +he intensity, I for sach

etement on the Rotary Madiator as in 16.5,

DI7.7 Caiculate the ratio I/1, and plet a qraph of This
ratic agalnst Atomic Weight

IKIE I+ In §iften

0 X T ¥ M T ’ ¥
I Ch Mn Fe ML Co fLu In

Observe tha¥ all the points lie in & straight line
with 8 discrepancy naar the centre; a rapid repeat
of the experiment verifies that this 'kink'! is con-

sistent and is not an sxperimental error.

Observe also that although the vatues fer I, varied
cohsiderably, when expressed as transmicsion there is
a continuous increase in If1, as the atomic weight of

the "fluorescing"” elemeni increases.

AL the Atomdie Wedlght ineneases so the Vpopulation” of
efecinons in the element increases and fhis gives adde Lo an
increase in the intemaity of "scattered" radiation foflowing
e£a¢iia collisions.

[17.68 Replare the #n Filter with the Copper Filter,
S£4.006, 1abulate the results, calculate 1/1, and

plct the transpission graph.

171, 1- Cu fillen

G ' T I 1 I T 1 T

| |
Vo Chn Mrn Fe Mt Lo Cu  Zn

Observe that +thes unexplained "kink' is still present
but that the hitherto stratght |ine curves downwards
at the high Atomic Weight End.

Evidently the radiation "{Lucrescing" from the. aneiﬁmgﬁt.iﬁ
being partially absonbed by the Cu filter.
USeattening” as ithe prime cause of ihis reduction can be

e Liminatea dince he effect L6 nut Likely £ be radically
diddenent fon wecahliouring wlemends such as Cu and In,

Sinidfanty The "Rank" canned be due fo differential scativaing
sdanee 43 {4 whchanged whethen the Cu vh The In 483en 4s
predent.

7.9 Repiace the Co Filter with the Cobatt Filter S64.008,

tabulete the rezuits and plet the fransmission graph.

1¢ - '
i, Co {ilien
” Y
|
1
!
1 .
\
(? T T 1. 'y 1 I L]

VW Cx Ma Fe NL Co Cu In

Gbserve that an abrupt ciscontinuity has appeared,
alvhough a curve-down bafore the disconiinuity is
evident {for emission from the Co radiate-} and the

*kink' has disappezred.

FolZowing D16 £t 45 fo be expecled Lhat emission "gluorescing”
{rom the In and Cu radiatons willf excite the efement Co; but
the Cobadt emissfon seems Lo be pantly exciting {tself’

Together with fthe absence ﬁﬁ the 'kink' Zhe resulis ane
becomding difficult o intenpret, as indeed Heany Moseley
discovened around 1910; £t would be prudent o continue the
Seried Of axpﬂﬂimaﬁta before making fuwither conclusions'

Dt7.10 Repiace the Co Filter wiith the Nickel Filter S64.004
and tabulate and graph.

/1, o WL gilten
- P RN
-
\
\
. |
L]
. N
£ 5 . ] y 7 Y 7T I

o Ca M Fe K& Co Cu Ik

MOSELEY PERCEIVED THAT IF THE PERIODIC CLASS!FICATION OF Ni

AND Co WERE REVERSED ALL ThE EXPERIMENTAL RESULTS WOULD
EXHIBIT A SIMPLE PROGRESSICN.

DI7.11 Redraw the Graphs of }7.7, 17.8, 17.9 and 17.10 wi+h

the classification of Ni and Co reversed.

1, 1- In filton
R
6] DO ._I. e

¥ . Ca Hn- Fe. SN 1 ]

E

Co
22



absorption edge wavelengths for Eﬂ'ﬂh-'{Jf-__'thar_:-'_eli'gﬁ;l.ffﬁ_-ﬁIEHE?.I:'ITE-'
Hl’a 17 Cu fabten used in the experiments and has been . tabulated: 'fﬁbiﬁ very -
accurate measurements; these. figureg hava been ex-rrac-fe{;
from the internaticnal Tables.

| ~ - Compare the Absorption Edge figures:given for Zn, Cu, Ni and
Co with the results obtained In Di6 and note the relative

accuracy of the experiment.

The &study of seattening, due to "elastic” and "inefostic”
collisions provides evidence that the uﬁuehngtﬁ ok the.

Co  Ni ' absorption edge s different and discreet §or each element
and Lhat the elements can be arranged in cnder of deeneasing
wavelfength,

-
ru
y
e
=
3
=
bt
=

I, T : Ni fidten : - '

The descheet disposilion of efectrons in an atom depends on
the population of the electhons and #his in Ffuwm s associnfed
with the nucfeus.  Moseley boldly postnbated that *,..... we
- o~ have here a proof that there is in the atom a 5undanmm1£

b gquaniity which {noreases by nequian steps a5 ue pm!.a from one
: element to the next. This quantity can oniy E:ie. the. cﬁa.':.ga

L assocdialed with the centrak pcr.&muz nucie;ua. el

D18 — MOSELEY'S LAW (30 MINUTES) |
In 1913 awid 1914 fienry Moseley made a systemetic study, using

7 Hﬂ 74 o sitton photoghaphic techniques, of the X-nay emission Line spectrn
o4 all known efements from Afuminium ta Gold, piane.d at that
time in the Periodic CRassification of the Efements acconding

1 o thein Afomic Wedights. He presented a a¢mp£a ﬁEhLE&
1 : ~ wheredn every efement emits an X-ray spestrum whuz,h s pte.—
| dictable from the spectrum of its neighbowns dnd which i3
: determined by an integern 1, its atomic number, in accondance
L— witn the equation
0 Y Y | T t'_ I I L | A =k {2 - &)
¥ Cx Hn Fe Co  Ni Cuw Zr
' whesne 3 L& the wavelength of the spectral Line and K and &
Observe that the 'kink' in =2l cases is el iminated and ane comstants.

that the curving-down of the {ines progresses systemat- . . |
S pFe Y With this theony, Moseley predicted that wnot only Cobali but

also Argon and Teléwtium were miaplaced in the Periodic Table
and thaet thene were elements as yet undiscovered having

A review of graph 6.9 and 16.10 provides the Atomie Numbeas 43, 61, 7¢ and 75.
explanation far the curving-down; onily the less '

ically with the new classification, as dees the abrupt

discontinuity.

Since Mosefey wonked with charactenistic emission spectan, 2o
reproduce his wornk wewld requite a range of X-ray Lubes each

having diffenent fanget anodes and, apant from being cosily,

iy would be extremely time consuming.

intence KR radiation is absorbed by the NI whersas the
much more intense Ko radiation 15 alse absorbed by the
Co filter.

I is evident that the absonplion edge of each efement gcours
between the Ka and KB Lined of the neighbouring efement in
ingreasding atomic aumber dixection; Ihis Technigue L4
frequently used Lo fiflen out KB £ings o oblain a beam o4
easentiafly monechromaitic, ko, radiaiion,

Experiment Dt7 illustrates that absorption edges are clight!y
different from, but just as discrest as, the emission wave-
tengths; it is therefore possibte to both cost - and time -
effectively simulate Moseley's work through an aralysis of
sbsarption edges.

The positions of Cobakil and Mickel in the Perniodic Table of
Eements should be deteamired by the aelative values of Lthedn

A preliminary eaquiry info Moseley's Law has thus already

been contributeg by Experimentai Programme O17.
chaiaclendd Lie spectra and nol by Thedr atomic wedghts.

D18.T Analysis of the elements {30 minutes)

; ELEMENT EMISSTON, nm ABSORPTI ON KiT 5824583 _— s0un | NORMAL LAB
At No | At, Wt |SvYMBOL Ko K8 He.an K edge Using the Iren, Manganese, Chromium and Vanadium

- 0 94 o | oo | 0228 | 020 2 229 Filters and the Rotary Radiator, TEL 564/001, the

24 57 00 n 2 779 0.708 'WIT 5 707 analysis ot fluerescent raciation can be extended to

5 54,941 Nn | o.210 | 0.191 | o.200 | 0.189 provide four more graphs.

24 55.85 | Fe | 0.194 | 0.176 | 0.185 | 6.174 1} o an, o

27 2,93 Co | 0.179 | e.162 | o.170.| o0.181 - Fe gelden 1 0 M
[ 23 58.71%) i 0.166 | 0.149_ | 0,157 | 0,148 | o
}*ﬁ. 63,54 | ca | 0.154 | ¢.139°F o.046:| 0,138

30 85,37 | In G.144 7| 0.179- F 0. 137 F- 0.12%

The above table shows the Ka and K& emission lInes and the
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/T

Crn 4olten - V 44ften

M Ca.

Ihe experimental .procegure is as for programme 7.

[+ is perhaps & more interesiing practical exercise To
remove the identification from say 3 of the & fitlters |
and psk the student tc identify the slements by compar-
[ﬁg'af which wavelengths their absorption edges ocour

in relation to thofe of known elements.

The labels on the erght filters have bteen designed soch
trat the Atoemic Symbol can be cut away to teave only the
catalogue rumber for identification; the numerical

sequence of these numbers bears no relaticnship To the

sequence In the Periodic Table.

Namograph of Moseley’s Law

-3 Ty L. = = L ] [ | L) " [ L. o L] LY =y
s L ~y o ol = [ o gy T i ] 151 -r ™ [N
Lt Jd Lt ] =20 ) Tl =t ] = | — — = - = — — ——
= o = = o = = < s = = o = < ~
Wavelength -, nwm
F
d i Emisaion Line , K8
' : Emcssion mean , K
/( Emidsdlon Line , Ko
Absorpition edge , K
23 76 i _ 28 749 30 ——— Afomic numben . 2
i Ca M Fe Co Wt i in ———— Efement

No thorough {nvestigation of absorption and scatteaing sheuld
be feaminaded without some censidenation bedng direcied Lo Lthe
“secondany efectnon emdssion” paesent when ai absoaption
phecess is defected ch the probabifify of ithere being some
Poss 04 enengy experienced by X-ray photovs when undergoing
meney efasiie :aafii.éiuﬂ-ﬁ'l R o |
The accesdories necessony fa peaferm experiments DI0 and D27
are Hot yet avaifable.
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D19 — FINE STRUCTURE {4 HOURS}

At Di5.% electren vrarsitions: at energy-levels of ow

principal quantum rumber were studied in relation to The

emicsion of KB and Ko radiation.

Iln spite of Fhe compact gecmetry of The Tel-X-Cmeter i1 is

possible to separate the Cuka into its fine sfructure.

KiT SB2-+583 30 kY 80 uh WORMAL LAE

DI

DE9.2

DE9.3

Di%.4

G19.5

DIg.6G

0i9.7

2D

9.} Mount the Auxiliary $lide Carrlage in Mode H (ses Pert
|, para. 10.4d} using the imm diameter Frimary Beam
Col timatar 582.002.

Cut open a Filmpak 75C/2 in a dark room and using a
sharp cork-punch make a hole in the centre of the film
af 10mm diameter.

Mount the fijm within a btlack paper enveicpe, as
described in para D5; do not incorporate the Lumines-
cant Screen.
Frame of Cassette 562.013 but with the square metal

Mount the assembly at E.5.4.

Mount the prepared envelope in The

backing plate removed.

Carefuliy mount a length of Aluminium Wire D85L.GGH
on the crystal post by means of a Spindle Clig 567.008;

encure that the wire is straight and vertical.
Select 3CkY and 80 pA, Expose for 3 hours.
Return 0 the darkroom and process ihe f1lm.

Observe the Debye Scherrer type pattern of two con-
centric rings recorded from back reflections of high

erdar angle from the AL wire {see para D27 and 23).

Reconstruct the experiment and measure the distance

from the centre of the crystal past to the film, £ mm.

Measure also the diameters ﬂh and ﬁE .

The angle A is 3é60 - 4HI where & is the Bragg angle

similarly B is 388 - #EE .
D
Thus Ao | 186 - 285 ) = A
u I 78
Dy
and fam | 180 - EEE b= 7 ¢

Ewva | uate EI and EE and given that the reflections are

dye to the [511) planes at a spacing of 0.077% nm ,

caiculate 11 an4d 12 .

= 2dfn 84n @ where

din = 8.0779 (see D28 )

Calcuiate to four signiticant figures.

{ 11 = . 1547 and 12 = 0.1544 nm ).

Ohserve that the intansity of the circle due fo 2, Is

less than that duz to u!

At DIE. 9 the difference in infensity between the Ka and K3
reffections was aiinibuted to the nelative proximities of
I and the N and M Levels Lo the K Level; the greaten the

enengit didjenence of the efectron Dummaition the shorten the
wavefength butf the Less the intensity.

The quantuw theory postulates thnee possdible energy states
forn electrons in the L Level due io the effect of both
orbital and 4pin angufar momentum,

At the K fevef, where quardum aumber n = | and £ = 0, the
sefection rubed permit onfy one value, |, for § and 50 thenre
14 only one enengy fevef., AL the L Levef whene o = 2, the
value of £ ean be ¢ on 1 and thus § can be } |£ = 0 or 1} and
i} (&£ =1},

Erengy | Sub Quantuys Number Radiation | Relative
Laved Levef n £ { EmiiIEd. Intensity
! 3 Z ! I Ka, ¢
i ? i § Ke, !
1 7 0 | ! - -
K - 1 0 i - -

The sefectfion rules requine that 6L be * 1 for electron than~
adiions; this 4s not saliegded by Ly + K transditions hence
thekre can be no emissien of energy. Trans.ilions Ly + K and
L, » K both satisdy the selection Jmfes for SE and also for
§i. Ehengy 48 thus emitied in the fosrm of Kay and Ku,
nadiation and, in accordanae with Summenfefd's Antensity
ke, the relative Lafensiity of the emissLons L& 211,

The nelative intensities of the Ko and KB redfections can
simifanty be deduced fo be 5:1; 4this ratio {& net observed
exactly in Lthe graphs of experiment V14 due To the gheatfen
absonpiion of the sodfen Ku nadiation.



EXPERIMENTAL PROGRAMME D22 TO D20, CRSTALLOGRAPHY (45 HOURS)

The performance of programme D22 to 030 is intended to

tami liarisa the stuwdent with the basic principles of crystal-

lographic analysis.

For a comprehensive treatment of X-ray Crystallography,
reference should be made to standard text books.

it is general practice in higher education to allocate 4
hours for student practical work periods; the technigues and
materials used in this section have been carefully selected
to provide the student with mesningful resutts within This
period of time ; where possible Debye-icherrer exposures are

limited +o 3 hours thus allowing | hour for setting-up, for

film development, for discussion ete.

In experimental programme D15 the LEF cryptal <4 used Lo
acounately detesmine Planch's consfanit; meadurements of the
Antencept on the x-axis of the graph are more precise than
with NaCl due fo the Lasgen angle 26; the caysfal spacing
given in 15,8 Aindicates smallen spacing for LLF and hence
Langer 20; this i& in accondance with the Bragg equation.

Both Li and F Zie .in ihe second period of the Perdodie Chard
where efectrons ane presend at fhe K ond L fevels; Na and CE
are in the thind perniod and efectrons are not onfy present in
the K and L states but afio at fthe M fevel; the addifion cf
efectrons in the M state seems Lo nesuld in a Langen chysial

spacing 'd',

D22 — ATOMIC S1ZE {20 MINUTES)

I KIT 582+583 30 RV HG u A NORMAL LAB

2i.1 Set up for Bragg reflection as in Ol4.! +o Di4.6.

D22.2 Minimise the CukKg radiation by Inserting the Mi filter
TEL 564 004 at E.S.17.

B22.3 Increase the tube current to B0 uA.

022.4 Using 2 Ratemeter, search and record the 26 angle faor
tha first ditfraction peak for Culka radiation,
A o= 0.154 rnm,

Tapulate and calculate £ , assuming

# =1 in the Bragg equaticn wx = 2 d sin ¢ .,

Crystat 28 ¢ sin 8 A2 d nm
N et ton] 0.077
Kﬂfghggﬂl 8.077
Rbﬁgd] 6,077

D22.5 Repeat the experiment using the KCE crystal (Green).
D22.6 Repeat tha experiment using the RBCL crystal (Red),

Observe that the crystal spacing, 4 increases with The
Atomic Number of the Alkaline metals; Na in the third
pericd has eleven electrons at K, L and M leveis; K In the
fourth period has nineteen éiec?rﬂnﬁ but in the K, L, M and M
states, whereas Rb has thirty seven electrons in the five
energy states, K, L, M, N and 0. Chicrine is common to the
three compounds snd thus the evidence cugagests that the size
of individual atoms increases with atomic number.

Crustaffoghaphy 48 nof a 'direct' scdence; chgatal structunes
are posivbated aften interpretation of alk the evidence avadll-
able including the monphological, the opitical and the

chemdeal propenties of the specimen; the afkabine halides

are both morphologically and chemically simifan and the
student coufd expect that these salts will exhibit similfan
cayddal structines,

The experimenial euidence so0 fan (ndicates that the Bragy
postufation (that Nal€ is ¢f cubie sthuciture] {4 acceptabfe.
it 43 rewanding at this sfage fon the student to build atfomic

modefs byt AL L8 necommended that contacting sphenes arne used

nather than peint-centre Latiices; This reminds the student
that The phenomenon of X-ray difgraction i& a function of
election dentliies and Loecations and L5 nol due tfo the
aefatively point-centred nocfeus; the sfudent wilf afso
gind L £eas confusing when siudying the neciprocat Latiice,
which wilf be seen to be necessanily point-ecentred.

D22.7 The Na atom, with 1} electrens, is thus smaller than
the {£ atom (17 electrons); the K atom, in sharing
an electron with CE is cf-equa1 size and the RbH atom
37 electrons) 15 farger fthan that of Chiarine; +he

three models should depict these relative sizes.

D22.8 The size of atoms Ts of great importance in metal-
lurgy whaon studying crystat cohesion and in the devel-

opment of ailoys having specific mechanicat properties.

D23 — UNIT CELL [CALCULATIONS — 5 MINUTES}

[23.1 The table of D22.4 was drawr up from angular measurc-
ments of the first Bragg peaks and defines the
'Iargesf spacing within the three crystals which give

rise to constructive interference.

Clearly sets of planes can te chosen which have
greater spacing, but in the absence of any Eragg
reflecrions, the interference must be destructive and

not constructive.

/

Lnoddent
X~y
beam

D23.2 A plan view of 3 model of NaCf exhibits a pattern of
repetitive symmetry; a pattern of symmotry is apparent
in the Laue photographs of experiment DIE_aﬁd one of
The first objectives in crystallography is +o establish
the |inear repetition frequency of & symmetrical

pattern in each of three dimensiong.
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In the a-direction ittlustraled, 1he symmetrical @y a; Ay dl ay

a, and a_, by a_ and a,, ete; ar identical gecmetric . . . /
i 5 5 7 _ ¢ * ioident
form can be repezted by choosing a?;’ad, aqfa& eto. . . -’.~ ﬁ Ancide.

< TN~ TN < e

structure tordered by layers 2, angd a; is repeated by

DZZ.3 Accepting the cubic proposal a symmetrical paltern . bean

should be evident in botht the b= z2na c-axes and henge

a Ybuiiding block" car be defined a3 indicated by the
told line, the nature of the atoms at the vertices
being consistently either Cf or Na.

DZ24.2 The essential condition for diffraction from the Ei

In D14 +he distance between adjscent uriike atoms, Na tayers 15 that the Bragg law is satisfied :
and (8, d was calculated to be 0.282 nm; the dictance _
. _ ) _ nh =2 aasin @,
between two iike atoms, Cf and C& is twice this spac-
ing and hence the length of fhe side of the Ybwilding

Block™ is [0.564 nm.

The esquation can be written in terms of &din 0 -

This repetitive geometric figure, when estabiished in | 44n ='§§$; 0
3~dimensions, is defined as the UNIT CELL. Where a |
chotee exists With geometric forms of identical aresn and repraesented diagrammaticatly
then the form most clearly approaching rectangular is
usual ly adopted.
P23.4 Experiment D22.4 establishes that the length of the
edge of the Unit Cell of NaCf in the arbitrary a-
direction is &d . Similarly 'a' can be establisheg T
for the Unit Cells of KCE and RbLCE . \
P N g
inia
Unit Cedl
Crystal Siﬂﬂ: a The point R bisects. the side PO and If R is joined

%
to Q@ , GRP is squal tc 28 .

NalE a ' N
When 28 =0 = 8 , O ecolncides with P and OF can

i Thus be considered as the DIRECTION of the primary X-ray
wavefront ;  similarly Eﬂ represents the DIRECTION of

RbCL the diftracted wavefront due fo constructive interference
of reflections from F and { , having a separation
D25.5 Reflections are not cbserved for spacings equivalant ot wnfa ; tThis is a reciprocal dimension and in real
to the side of the Unit Cel!l by viffue aof destructlve terms the separation cf P énd $ is a/n nanometars.
inferfarance.

Lneident
wave frond

(then waves from Layer a; are one wavefength behind these from
fager ay, then waves from Layen a, musi be half a wavelength
fagging on theose from Layer a, and exacify opposcle Ln phase;
- sdnee the Layens thmoughout the erystaf contain the same com-
bination of atomé of Na and CE, fhe efectnon densdifies are
the same and 40 The diffractive power of the fayens is
identiecal; the waves fnrom fagen a, theedone exactly cancel

out those faom a,,

It is necessary to verify that the ¢rystals are of cubic
form and-+o sveluate the length of the sides of the Unit Celi

in The b and ¢ directions; once all thece shapes and

dimensicns have been daferminéﬁ, the position of the atoms
reglfected

ueve frond

within it must be discovered; 1To achieve this bhoth a datum

and a syitable system of co-crdinates is required.

D24 — CO-ORDINATES {30 MINUTES)

Since B must be an integer PQ can be represonted by
24,1 Now thet 2 Unit Cell for each of the three alkalineg

. a reciprocal linear scale in terms of nfa .
halide crystals has been préoposed, the croups of
layaers a3f35 and above car be defineg as mere repetit-
0 ] ? 3 4 5
ions of all dittracting elaectrer layers of the Unit i
Celtl group a, to a,, all havirg a spacirg of 'af P ' ﬁ
nanomaters. [+ The facing layer of the crystal is
detined as 3,, as in the illustration of DZ23.}, then = T [t -

al! layers with an odd suffix can be redesignated as

o repetition &, layers.

1

Note that the datum is arbitrary and an a

——e— 7/ ——

I layer

cauld equaliy have CE or Na os vertices but once the

docision hat boen made i1 must be concistently applied. < 3/a 3
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D24.3

4.4

Fﬁﬂ is always a right angle and for a tixed wavelength,
4 the leocus of the point Q is a "Circle of Reflection™

of ragius i¢and centred at Ry by choosing a convenlient

A
scale a diagram can be constructed and measurements of

angles of refleclion and reciprocal spacings can ke
"read-of ¥ without the nesd Yo constantly solve the

Bragg equation for © or d.

- ' ~1 _
et 1/fa nrm - 2 c©m ; then | nm ~ = 2a <m  and

A nm_i = Zafh cm .

Hence RP = /% = 2Zafh em  and for
7.30 cm , for

NaCf where a = 0.564 nm , RF

.16 cm and for

KCE where a = 0.629 nm , RF

5.953 cm -

Rb{'? where a = 0.655 nm , RP

Construct & Circle of Reflection for Nalf ;

130°

7.3¢0

24.5

D24. 6

024.1

024.8

Tel-X-Ometen maximun

Malf

=

10¢
Tef - X-Dmeter minimom

| ¥ the centre |inear scale P were rotated about the
Grigin P ang the Circle of Reflaction constructed to
the zame scale but printed on transparent material
and gradguated in degrees for increéasing angles of 20
then the poinis for predictable diffraction QI‘ QE
atc. could be read directly.

The Reciprocal Lattice Calculator TEL 583.003 is

constructed in this manner; oniy the arcs of the
circtes relevant o the Tel-k-Cmeter geocmetry are
printed for sach of the slkaling halide crystals.

Small pin~holes are drilted at the origin, P, for

each ecircle ot reflection.

Lay the Calculator on the diagram of D24.4 and locate
the Nalf origin on the point P of the diagram using a
mapping pin-  Rotate the diagram underneath the

Calculator and observe the intersection on the circie

of the integer intervals for n on *the line PQ.

Tabulate the measured angles in the 'Theoretical!

column for 26.

Set up for Bragg reflection as in D&Z2.1 To 0Z22.3

Using a Ratemeter, search in the theoretically pre-
dloted regions for diffraction peaks; tTabulate the
resutts in the 'Actuai' colume for 28, noting also

tha absence of any predicted peaks.

7?7 8
n
Lheonetical actucf
i
7
3
4

(24.9 Rzpeat the experiment with the other crystals buot
using only the Calculator and centimetre graph paper,
graduated ftc the scaie of Z cms on one side of the

graph paper {further constructions folilow iatsr).

The abzence of peaks when n = | has been discussed in
D2%.5; it is reasopable to assume that the observed
absence of peaks whenever n is odd must similarty be

due 10 destructive interfarences.

D25 — THE UNIT CELL, TWO DIMENSIONS (40 MINUTES)

KIT 582+583 30 kY ' BOuA NORMAL LAB

To confirm the hypothesis that the Unit Cell 1s cubic, Fhe

length of side must De established in 1ha 'b' direction.

In crder fo achieve this the crystal must be criented to
egrisure that the 'b' planes are parallel with tha primery beam

when 28 = 0O° = ©.

C25.1 Unlock the crystal jaw-clamp and rotate the crystal
itselt through 90°.

P
P o |
i I }' = @ = - iﬁ} e g =
a plangs b planes
Q

The 'b' planes can be drawn on the graph of D24.9 by
constructing at right angles to PQ; it is assumed
that the Unit Celt is cubic and since & = b nm a

curscry investigation shows that identical 26 angles

will be predicted.

4 - A
3 ] b direction
g — Y
a dinection

] - — e

Y
0 i)
P g ' 9 g Y |

f25.2 Set up for Bragg refliection as in [Z4.7, D24.8 and
D24.9 ard verify that the angle 20 for diffraction
peaks and "extinctions" ara the came for the 'b!

direction as for tThe "a" direction.

The chystal hos now beew mapped in fwo of the three majon
apparent axes, 'a' and ‘b’ sufficdlentd infoumation now
exists fp predied Lhe nefleciions grom planes perpendicufar
to vthen axed which are not majonr,
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D25.3 Construct a latdice by projecting the perpendiculars

025.4

D25.5

D25.6

to the integer points in both the 'a' and 'b!

directions.

. e
3
S T
2 2 “
7 -
s ;#,f*
s
! A A
g ra'#F
VgL

0

F 0 ! Z 3 4 5 0

Any point on the lattice such as S now has co-ordinates
(2,2) angd T has {4,21.

These points represent FLANES within the crystal;
since the graph is constructed from reciprocal dimen-
sions it ts calied the Recipracal Lattice and co-
(hk) ,

ordinates are usuaily referred to in terms of

the Mitler indices.

In terms of twe ﬁimenéiﬂnﬁ, the reference for point 5
is (22 where h = 2 and & = 2 and in real fterms within

the crystal the co-ordinates are Lg ;%}.

In ¢considering a three—dimensional structure the

equivaiant Miller index for the 'c' direction is the
letter Y£';
Crystal Post with the 'c¢' ptanes harizontal and

the cryzfal has been located In the

paraliel to the primary beam and with no additicnal
arientation the index TE&' is zero.

The spatial co-ordinates tor the 5 planes and T planes
are thus {220) and (420} respactively.

The spacing of the (220} planes i F5 and therefore PS
represents the direction of the normal 1o the planes;

again this normal must be set perpendicuiar to |he

primary beam when 20 = O,

The b planes were oriented through 90” with respect 1o
the k planes in [25.1; ia this instance, The crystal
must be orianted through Sﬁﬁ when the carriage arm 15

zat at 728 = (.

Draw the line SP on the constructed diagram of DZ5.|
and, using the Calgulator as a2 protractor, measure

the angle SPQ.

4 ‘wxxwx

D25.7 Set up for Bragg reflection as ?n D2Z2.1 and D22.73.

D25.8 Unlock the 2:1 drive by turning the Knurled Clutch

29

Fiate in an anti-clockwise direction: with the

025.9

025,30

025,11

[25.12

Carriage Arm accurately held at zero, rotate the
crystai in a clockwise direction through the measured
angle Sﬁﬁ as precisely as possible and lock up the
Knur ted Clutch Flate.

Acafe & = 0

sPg

amie;EE:ﬂY 2

The normal to the (Z220) planes has been =et perpengic-
wlar fo the primary beam when the carriage arm is at

=) i

The normal to the (220) planes is also that for the
(i10y, (330}, {440Q), etc. and 50 20 asngles cam be
read-oft the constructed Recliprocal La¥tice by using

the Calculator; tabulate the measured angles.

< planes Z 8
S (hk0) | theoneticat

110

2208
330

440
43¢
320

&40
210

420
630

310

620

Observe that 28 for the {113) planes s smalter than
5PQ and considerable absorption of the primary beam
might be exﬂecfe&.

Unicck the jaw clamp and careful ly disptace the

crystal such that the cerner nearest the primasry beam
iz about Imm from the axlai centra ling scribed on the
Crystal Post. P

1 mm .

26-0Y &

Using a Ratemater, search for the predicted difiracttion
peaks and tabuiate the results, always noting any
"axtinctians™, in the table of 025.9,

Observe that, as with Table D24.6, whenever A or R is

odd there is an extinction.

The length of P53, diagram [0Z5.6, from simple

trigonometry is
/ot e ot )
or in three-dimensional terms

okl el ety



In real terms within the crystal

d = & rim
220 gt gt v o)

and ip general , tor an Tsemetric {cubic) system

i | = 4 nm

Evaluate the 20 Farge§+ possible spacings of sefs of

planes within the Unit Cell by allocating suitabie

integers to h ,k and £ such that Wt % 27 - I, 2 etc

hﬂ bl o : " . Reflections R
Extimetions X
1 ! ¢ i
Z ] 1 i
3 ! | i
4 2 1o | o
5 ? ] i)
& ? 1 1
7 —— — —_— —
£ 2 |z | o
| 9 2 |z | i
| 3 | o oo
I 180 '3 I ¢
{ 11 ESERE
I2 Z Z ?
3 3| 2 o
14 3 7 ]
15 — | =1 - —
15 4 ] i)
17 3 | ¢z | 2
# I ! ¢
12 3 | 31 ¢ |
. s | 1 1
19 N B
20 s | 2§ o

Obsarve that tha seventh and fifteenth terms of the

series are absent since 7 and (5 are not peossible

combinations of HE + hz + EE.

D25.13 Compare the results with Table D24.6 for (A 0 8]

pianes and table D25.9 for lh k 0) pianes, noting in
the last column the observed presence or absence of
refiections,

To verify the presence or absence of reflections
from the 9 planes where £ i5 not zero it Is first
necessary to establish that the "space-1attice" is
indoed cubic by evaluating the length of the side of
the Unit Cel! in the 'c! direction.

The gaometry of the Tei-X-Ometer will not allow the
. M, Tube to be rotated in a vartical direction;
fturthermore the construction of the Crystal Post
does not aliow the crystals to be convenlently

oriented o present an adequeate area to the primary
bean. ”

An alternative technique can be used where a phato~
graphic.recorg 15 made of reflections from a small

rotating single crystal,

D26 — THE UNIT CELL, THIRD DIMENSION {6 HOURS)

KIT 582+563

s TEL SB7 30 kY 80 u A

NORMAL LAB

Ay Lhe eaysial is notated about the ‘o' axis redlections
will occun fon plames (h k ) when £ i4 noi zena only when
the Bragg condition £s salisfied, bul the dineotion of the
reglection wilf have @ vertical component; when £ L8 zeno,
as in ol cxperiments so fan pexformed, the G. K, fube {8
notated around the caystal in a plane paralief and co-
incident with the X-aay beam; this {3 the Equatoriaf PPane
on zero Pdyen,

I constructive indenfenence L4 £0 be achieved from the 'c
planes, parabbel to ithe X-nny beam, then the path Lengihs

of the scaliened rays musi differ by a whole number of wave-
Lengths, mh,

heglected

wave grond
incident TN
wave grond i |

# !i!ll c,
- "E S T e e e e At . T

e e e e——
o T . e T— e Y

|

Thus § = o oph & = mh,

X-rays are scattered in all directions, but dor a given 'c’',
r and 3 the angle ¢ is consiant and s0 onby those nays
emitted in a cone of demi-veatical angle 4 will co-openate.

But the Bragg equation must also be satisfied and there wild
Thenefore be disereed reflections around the cone as the
chystal L& nodated; in the Equatonial Piane ¢ is 90° and
hence only the Bragg eondition applies, but with diffenrent
integen values for n other cones are dtﬁinﬂdaﬂith‘dtﬂaﬂﬂhing
demi-venticad angfes § as n incheasesd,

The directions of the discrent neffeciions in gach cone can
be predicied from an analysis of the Reciprocat Latiice.

In para 025 a Circle of Refiection was used in conjunction
with a Hﬂciprﬂcaf tattice based on the h and k planes; &
simijar censtruction for the hoand £ planes would require a
circle centred at R but perpendicular to the paper and still
rotated about P; fnf?a-fiiﬂd A the radius of the circtles,
PR is ﬂnns?an#}andzfcr-réflécflﬂns involving all Three co<
ordinates f, h.and £ +he Eragg equation must apply and hence
the locus ot Q [h k Ellié a sphere centred at R, of radius
PR and rotated in the plane of the paper about F.



DZ2&. 1 On centimetre gqraph paper construct a Reciprocal 726.4 Simulate rotation of the 1attice by scribing arcs,

Lattice 1o the scale a = b = 3 cm, as In 025.3, up cenfroed at F, for all lattice points; fhese arcs
te it = B = 6. should be drawn o intercept the three concentric
On the 2 axis construct the Circle of Reflection circles.

for LiF (a2 = b = ¢ = 0,403 nm) such that RFP is

5.2 ¢m radius. The reason for using L&F and rk{ 491

not NaCf is discussed at [26.%. - 420

hiz

-— 300

[T

SEN e

t 171 110

‘ All thase points of interception represent theoretic~
. ally possible reflections.
P

Observe that there are 28 possible reflections on the

circle for th B 0}, 26 on the circle for (h k 1) and

D26.2 0On a2 second piece of centimetre graph paper consiruct

g graph pap only 22 on the circle for th kB 2). Reflections on
an elevation view of the Sphere of Reflection to the ) .
the tefi hand side of the circles can be obtalned by
same scale as I DZ6.)! and draw in lings representing

drawing arcs from fattice points where h is classically
+he edgs view of the h k lattice at £ = 1, =2, =3.

negative; half of the above reflections are Thus for
th k £} planes.

D2 1f a tlat film wewe placed above the crystal in the
plane (001} i.e. at ABC in Diagram D26.2, the

reflecticns 1n cone APC would |ia on a circle of

fa
I
L

diameter AC; but reflections in the cone DPFF would be

s
Ik
——

recorded as a circle of diameter GH.

Meazure the radius BG and construct an equivalent

.
]
o

7
J circle on the diagram of 026.4 concentric with the

existing circies.

D26.6 Join the cenfrepoint to each of the 22 intercepts on

the circle for (h k 2}. Where these radials inter-
cept the circle of diameter GH possible reflecticns

wll!l be recordad on the fiim.
Observe that the Sphere does not intercept the (h & 3)

lattice and therefore no reflections are possible for 0Z26.7 Draw small circles about 4mm in diamster at each of
planes where £ = 3 or more for LiF and Cuke radiation. the 26 intercepts on the circle for (R k 1) and the

he d inter-
The sphere intercepts the (h k £} lattice at the 2¢ inlercepls on jhe L'rhlehEH: the transferred inter
circles AC and the core of reflections AFC can be con- cepts on the circle for (h & 2).

strocted by joining AF ang FC.

etrele GH
Similarly DPF is the cone for the (A k& 2) reflections.

D26.3 To predict the discrest directions of possikle
reflections in these cones, the Sphere must be
rotated about P in the plane of The paper of graph
D26.1. -

Measure the radius of the latticelsphere intercepis
AR and DE armd draw equivalent circfies on the graph

DZ6.1 concentric with the th k Q) circte of reflection

al ready constructed.

The constricted diagram now rapresents a large scale

version of a thecreticatly possible photographic

recerd on a flat film placed above {or below) a

rotating crystal, in the Tc! direction and paraile)

to fhe '£' planes; the =mall Amm circles wilt be

filled in when reflections have been recorded.

To achieve this a smail crystal must be 'bathed' by

the incident beam; ‘there is clearly & Iimit to the

size of the crystal in order that reflections will not

be completely absorbed withTn the crystal.’
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02€.8

026.9

D26. 10

D26. 11

tn experiment D!0. 14 the Linear Absorption Co-efficient

u is definad by the equation
. - et
H Ig [ .

As the thickness of the crystal increasses the radiation
transmitted is reduced in accordance with this
equation; but at the same time the intensity of 2ach

di ffracted beam increases as the voelumz of The crystael,

Thus as If .

The intensity of the diffracted beam with the longest

path is therefore proportional to

- pnd 2
Iﬂ 8 .

The condition for this +o be a maximum is that

L =2/

[n paragraph D6.l| the Linear Absarption Co-efficient
was definad in terms of the Mass Abscorption Co-

afficient, hm as

M= P,
where p is the mass density of the materiail.
For a2 chemical compound
w=plpw,
where p is the proportion of each element present in
the compound,

To cleave and mount very minute crystals requires
the LEF
erystal is chosen for the Upper Layer Raflection

axpansive apparatus and ¢onsiderable skill:

experimant as having the smal lest Mass Absorptiaon
Co-efficlents and thus the least diminutiva crystal.

Referance to Standard Tables reveals that for LiF,
p = 2.601 x Iﬂ3 Kg per m" and w, for L{ is 0.07 and
for F is 1.64 m’ per kg. for CuKe radlation.

The percentages can be deduced from the Atomic Weights.
L,
F o,

p = 6.94/25.94 = 0.27
p = 19.00/25.94 = 0.73
whence E pPu, - (0.27 = 0,07 + {0.73 x [.64)

.22 m?_ger kq-

b o= 2.60F X 100 x 1.22

= 3.8 x [0° m !

0.B3 x IDHS matres,

and 1

Te perform an experiment to verity +he thecretical
LiF Minicrystal, TEL 582.007, of
dimensions of the order G.6 x 0.6 x 8.0 mm iz mounted
in a Powder Camera.

reasoning an

Withdraw the Sample Fost from the top of the Powder
Comsra TEL 586.

Unscrew the chuck and using fweezers locate and JoCK
in position a Mini Crystal of L{F, such that the
crystal protrudes $qm bevond the end of the chuck.

Ensure that the <rystal is co—axiat with the chuck.

Remsve the |id from tha Powder Camera and axfract the

mefal'bécks+np which is épring ‘baded into a recess

in the lid,

Slide the backstop over the end of the primary beam

col l imitor inside the camera such that the X-ray
beam is reduced to O.5mm in height by the cross-siot
in fhe backstop.

DZ26. 12

DZ26.13

D26. |4

D26.15

026,16

B26. 17

D26. 18

D2&. 19

PZ26.20

EB.214

026. 22

26,23

The film should be loaded into the FPowder Camera in a
DARK ROOM POSSESSING A SUHTABLE SAFELIGHT {(E.G.
WRATTEN SERIES BR).

The following items are required in the dark room:

Fowder Camera and Lid.

Samﬁle Post with crystal loaded.
Ftat Film Envelope, TEL 586.002.
Filmpak, TEL 7150/2.

Sharp pair of secissors.

Cut oft the flat end of the Filmpak and carefully
withdraw the film; handie the fiim only by the edges
and avoid creasing or scratching the surfaces (see

tntroduction to Redicgraphy, page 39 ).

Place the film in the Flat Fitm Envelope. Trim +the

fiim to the size of the Envelope.

Locate the locaded Envelope in the bettom of the
Powder Camera, under the primary beam cotlimator;

the Envelope shoutd fie flat with the withdrawal tag

located in the recess in the wall of the cemera

cppasite the collimator, rarrow backing strip upper-
most .

Replace the |id, ensuring that the keyslot on the
periphery of the tid correctly locates on the key
protruding from the top of the body of the camera.

verify that the lid is fully seated.

Carefuliy place the Sampte Fost, loaded with the

into its bore [n the 1id and ansure that [+ s
fully seated in [ts bearing.

crystal

Lo not replace the Lid with the Sample Post In positlon
@5 the pisten actlon of pushing the |1d down willd
propel the Sample Post out of its bore.

Transport the loaded camera out of the dark room to
the Tel-X-Omaeter; open the Tel-X-Ometer by s)iding
the Scatter Coaver to the same side cf the lastrument
as the Power On Indicator Lamp.

Locate the Imm Diemeter Collimator TEL 562.002 Into
the Basic Port as in Fart |, para 10.2,

Remove the Crystal Pest and Jawclamp and rotate the
Carriaga Arm 1o 28 = EDG; it covers the kY selector

switch which should be set at 30kV.

Unlock the Cluteh Flate and, keeping tha Carriage Arm
at 20 = 90°, rotate the Siave Plate untit the flat on
the central shaftt is at right angles to the X-ray beam

and facing away from the X-ray tube.

Locate the Fowder Camera between the Lead Giass Dome
and the <centratl shaft such that the U-shaped projaction
on the camera bady 15 supported by the guter diamefer
ﬁf the Primary Beam Coil imator and.fhe underside of

the camara rests on the Cluteh Flate; the central
shaft locates in a8 recess under the Powder Camera;
fhe Camera should lie horizontal and be a good fit in

this pasition.

There is 38 screw in the shatt recess under the powder
camera; adjusiment of this screw will ensure that

the camera is heid lightly against the Primary Baam

Coliimator.

This screw . should onty need adjustment the first time
the Camera 15 located; thereafter the camera will

slip-fit info its seif-aligning position.

The Clutch Flate should be screwed down until the top
af the central shaft just butts up against the
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plastic of the camera; snow screw-op the Clutch Plate
by zbout hatf 3 turn to ensure That the outer skirt
of the camera is resting on the Clyich Flate and

thereby preventing the camgra from rocking.

MOTE- I the Cltutch Plate wili not screw down
sutficiently to achieve this, unscrew it compliefely,

remove the cross-shaped spring and replace the Clufch.

When replaced, the centre-bore of the spring should
locate on the bearing snd the tips of the four arms

should prens an the anderside of the Clutch Flate.

DZf.24 The Motorised Drive Unit TEL 587 is used to rotote
the cry<tal in the camera at about & revelutions per
minute. tocatce 1he dmm plug on the base of the
Drive Unit in socket B, situated close ta 6 = 457 on

the spectromster table.

lurn the Drive Unit untit the extension shaft points

o the centre of the Samile Fost in the [Mowder Camera;
use the Allen Key alffixed to the meins cabla to
adjust the position of The bevelled gear cn the exten-—

s5ion shaft o establish correct meshing of the gears,

T may be necessary 1o raise Tthe Drive Unit siightly;
The friction of the dmm plug in the socket will

syffice e maintain the raised positicn.

D26&.25 Hobd the Drive Unit in position and fTrail the mains
cable cown the Carriage Arm and outside tThe Scatter
ahield; switch on tre DOrive Unit end ensure that The

sample Post is rotating.

D26.26 Close and centralise the Scatter Shield. Depress
- the ¥X-rays On button (30kY already selected).

Adjost tubz current to 80 pA.
CZE.27 Set the Time Switch to maximun. FEXPOSE FOR 4 HOURS.

NOTE 1: Meandingfuf nesults can be oblained in 3 howuns bul
the |311) and more especialfy Zhe (331] xeffections will be
veny dafnt;  howewen the {111} {171), (h k 2] and [(h k 7)
e ffections are Asufficlently intense for furnihern analysls.

NOTE 2: 4 4% 45 hequaned Lo foffen out the CukKe reqlecitions
(see pana. D24.29} a thin piece of Mickel foif should be
aphixed, using adhesdive tape, on the lmm Diameter Primany Beam
Collimaton; exposunes of aboutd & houwns ane requined.

0726.28 In the Dark Room, extract the Sample FPost betore

removing the |id of the Powder Comera.
Take out the fnvelope by means of the Lifting tab.

Frocess and dry the film.
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G.2Y There should be six intense elangated spotfs on an
inner ring and six.on the outer ring; each elongated
5p0T 15 accompanied by a less intense KB reflection on
the shorter wavelength side of the Ka reflections (i-e.

on that side which is ¢losest to the forward direction
of the primary beam).

The direction of +he_pfimary beam can be ascertainad

frem the shadow of the col!imator syztom.

With a pin, pierce a hole through the fitm at the
centre ot each Ka elongated spot; ignore the KB

reflections.  Observe alsc the hyperbclae caused by

the white radiation.

N26.30 Mlace the fitm in a Superslide TEL 585.007 and |oad
inte a 5lide Projector having an 8.5em, f 2.5 lens
(e.qg. Rank Aldis Tuter 200).

226.31 Project the image onto the diagram constructed at D26.7

packed by & piece of stiff card and mounted in a

retort stard (or similar).

drient the diagram until fhe {2 bright spots each
coincida with one of the small "predicted" locations:
the diagram will be about 40 cms from the lens of the
projector.  Pencil in the smalil circles which are

Il luminated.

Establish by means of the diagram the co-ordinates
{h k £) for each of the reflections and tabulzte these
new results in the table 0DZ25.12.

Observe that, 1 zere is assumed To be an aven number,
onty whenever i, k and £ are either al! odd or al|l

even does 4 reflection occur.

026,32 The comparison between the geometrical construction
and The sxperimental photographic image provides
evidence that the crystat 2tructure of LiF 75 of

cubic form where a = b = ¢ for the unit cell.

026.33 To experimentally evaluate the size of The unit cell
an estimate should be made, as precisely as possibte,
of the diameter of the (h k |} and (h R 2) circles on
the exposed film; these are the diameters 'ac® and
'df' in D26.2. |

026.34 Replace the Film Envelope in the Powder Camera, without
the film inside it; as accurately as possible measure
the height of the centre of The 0.5mm siot an the

collimator fram the surface of fhe Film Eavelope.
This Ts the dimension 'bp' in 026.2.

[26.35 The semi-vertical angle, § for each case is calculated

from
tan ¢4 = jac/bp and fan $, = }jd§/bp

and "¢’ is determined from the eguations

o= &0 d, and 7 o= ¢ cod ég

{LiF is cubic, face-centred, a = b = ¢ = 0.403 nmj.

The crigstal has been aciated about a vertical axia penpendic-
uler Lo the X-ray beam; the axds of notation does not have
fo be veaticaf buil if must be pewpendicufar to The beam.

14 theredone the caysiaf wene {o be furthern rofated about Zhe
axis of the primory beaw as well ab about an axds peapencic-
ufar to the beam thew the Locws of each observed refliction
would be a cone conceatrie with the X-ray beam,

The {nterdection of this cone and the Sphere of Regfettion
is a cincfe, co-axial with fhe X-nay beam and n a plane



perpendicilar Lo Lt; viewed in plan, ab n P26.7, the inden-
section 48 a straight Line, the edgeeise view of the clnele,
paralflef Lo the "h' axis of the diagaam.

D26.36 Draw two lines, paralie! lo the 'h' axis, ane through
the {22C) intercept and one through the (4200 inter-
cept. {bserve that fthese lines pass through the real

intercepts, on the theoretical circle DEF, of the

reflections (20Z2) and (402).

The reflections (220) and (202) thus {ie on a cone Co-
axial with the X-ray beam and they are both referred
to as (h,k,0) type reflections, as are the (420) and
(402} reflections,

An apparatus to impede simultancous hrotations An Lfhese Xwo
dinections would prove expemsive; buf by powdening a crgsial
of LiF a veny Lange nmben of minute crysXafs coudd be
presented fo the beam and it i3 nealonable to expeef that
these orystals woekd randomby Lie 4n fhe correct orienfation
to produce reflectionsd from abl possible planes; these he-

flections would Lie on cones co-axial with the X-rsy Lean.

D27 — POWDER ANALYSIS (4 + 3% + 4% HOURS)

Remove Crystal Post and Jaw.

30 kY NORMAL LAB

KIT 582+583 50 u A

|f, on the Diagram of D26.7, & strip of film were wrappead
around the equatorizl plane of The Sphere of Reflection then
part of all the co-axisl cones of reflection from an irradiated

powder source would impinge on the film.

The success of powdenr analuysis frequently depends on the
manuaf expeatise of the experimenten in preparing the sample
fon radiation and in comnectfy sediing up the Powder Camera,

The Powden Camera 555 has been designed Lo paovide automatic
preeision alignment once the Tef-X-Ometer hos been cownectly
sed [as for Bragg fupe experiments) and the camern adjiusted
ad An para. D26.177,

Powdern samples can be prepared in 2he conventional mannen by
making a paste of the powder Lo be analysed and gum,  Rold
the paste £t the pafm ¢f The hand intc a small bead about

dnm in diameter; sefect a Glass Fibaz 567.004 and push Lhes
thrnough the centne of the bead. Now noll the bead aboul the
axid of The §ibre until fhe paste "grows" afong the gfibre o
a fength of about 10mm and a diameten of not greaten than Inm.
Taim the sampfe to be 15mm Long with the glmss fibre protrud-
ing Smm from one end.

The preparation of such samples aeguines condddennblfe dexten-
ity and evidence of conrect preparation {5 only avaifable
agten a Lengihy exposwre in the camenay; A4 Ffhe paoportions
o4 powder and gum ane incoanect then net only {s the student
exaspernted and disiliusioned but valusblfe experimental time
4s waated., Neventhefess, At Ls impontant that the sifudent
should fearn fo prepare his oun sampfes {on Laradiation and

thenefone the enduing relatively simple technique {3 hecom-
mended .

L2,

CZ7.2

‘D:_}?I-B

Le7.4

27.5

Pierce the end of the tube of Acetate Cement %85.0049
with & pin Ilmm in diameter.

Meunt a Sample Tube Wire DBO6.L05 in the Sample Post |
of the FPowger Camera such that 5mm of the wire s

secured in the chuck,

Insert the wire nearly to its fu!l length into thse
tube of Acetate Cement, rotate it once or twice and
tren extract 1T in one smooth movement. Al low the
cement to dry very thoroughly, preferably in an owvan

oF over a radiator.

When dry, remove the wire from the Sample PbéT, place
one end in & vice and hold the other end with a palr
of serrated jaw pliers; pull the wirs along its

length until it yields ; the acetate 'capillary tubef

~will be released from the copper wire.

Using sharp cutters, remove one 'spoilted' end of the
wire; the capillary tube should suffice for thres

sample tubes each [dmm long.

Care should be exercised to ensure that the Sample
Tube Wire is kept very straight throughout this prepar-
ation; aliewing 30 minufes drying time the preparation

will take 40 minutas.

Slide the hcetate Tube off the and i the wire until
iT prejects by about | Omm.

Place the L{F Powder, TEL 5B2.008, on a watch glass
and lightly thrust the projecting capitlary tube into
the powder. Aliow the tube o fouch the watch glass
ttsaelf as this action forces the powdsr up into the

capitlary.

Continue this tamping process until the projecting
tength of 1Omm is filled with powder. Saal the cpen
end of the ‘tube by the application of a small amount

of Acetate Cement, TEL 585.009,

When dry, |ightly push the copper wire to pack the
powder and, using sharp wire cutters, cut the tube/

wire assembly To contsin about 5mm of copper wire.

I-—mmm

-

Extract the Sample Post from the Powder Camera Lid and
the end

i the sample tube ceontaining the copper wice shoold

mount the L{F powder sampla into the chuck;

be insarted inTﬁ the chuck tThus ensuring that tOmm of
LEF sample will be irradiated and none of the copper

Wire.

Femove the Lid of the Powder Camera and establish that
the metal backstop is mpunted in the recess in the
iid and is MNOT acting as a2 beam {imiter on the interna:

primary beam callimator.

The film should be loaded intoc the Powder Camera in a
CARK ROOM.
dark room:

The foilowing Ttems are required in the

Fowder Camera and Lid.
Sample Post with Samplie Loaded.
Fitmpalk, TEL_?EGHd.

Sharp pair of scissors.
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p27.6 Cut oft the end of the Filmpak across the two fixing
holes at the "injecticn' end and carefully withdraw
the (ilm; 0o ol withdraw fhe fiim guickly as this

can create electrostatic effects which mar the fitm.

DE?7.7 Irsert the +iim around the inner pariphery of the
Powder Camera; the ends of the film should be on
each side of the internal primary beam collimator.
Ensure that the film is held against the wall of the
Powder Camera by the two small posts which protrude
from the floor of the camera near the internal col-
limator. These posts cast shadaws on the film which
provide identification of the top and bottom and at
the left and right bhand sides anf the camera in the
event that the processed film indicates some form of

camara tault.
D27.8 Replace the lid and ensure fhat it is fully seated.

£27.9 Carefulty place the Sample Post loaded with the L{F
sample tube into its bore in the |id and ensure that

it is fully sa@sted in its bearing.

Tfanspnrf the lvaded camera out of the dark rocom o
the Tel-X-Ometer and proceed as in D26.17 to DZ6.26
but use the imm Slot Collimator TEL 582.001 in the
Basic Port instead of the |mm Diamster Col!limator;

the {mm slot showld be vartical.

1Z {8 noi necessany to use the Mooailsed Didve lUnil TEL 287
bt with it the quality of the pholographic hecord s much
improved {ace D2E.4}. ]

D27.10 Expose for 3 hours.

Dz7.11 I'N THE DARK ROOM, exiract the Sample Post before
removing the 11d of the Powder Camera.

Take out, process and dry the strip of flim.

A convenient way of measuring these distances, equiva-
tent to the angle 4G, is to pin-prick through the film
antc a piace of white papcr at each linc ard messure

the distance between the corresponding pairs.

Tabulate the results and calculate d/_ to three

significant figures.

. 48 8 8 x K Adn B dim = A /2 4in 8
Ling
PG
It Wi gv A1 o= 0,077

A

B

C

D

D2i. 17 Neither d naor n is known, but from D25.12, nz mus¥ be

an Integer and the length aof side of the unit cell as
wall as the co-ordinates of the reflecting planes can
be extrapclated from the following table when com-

sleted o 4 significant figures.

Line
Paihs

e
=

«ni= 2| 3] 4f 51 8| & 9ii10fete to 20

D27.12 The fiim reveals the familiar arcs typical of this
technigue, developed by Debys & Scherrer in 916,

The top half of the film is less exposed than the
lower half; +this is due o the presence around 1he
camera tid of a strip of Nickel foil which abzorbs the

YR radiation.
The KB arcs can thus be readily identitied and ignored.

D27.13 Using internal calipers measure the diameter of tne
Powdar Camgora with and without the fitm in position.

Caleulate the Mean Diameter, [O.

D27.14 Calibrate the Fowder Camera:

7D mm = 360 degrees.

360/ D

1t

| mm

K degrees.

D27.15 The forward direction of the X-ray beam 15 apparenl
from the shadow of the backstop. The cones of
reflection mpinge on the tilm on each sids of the
X=ray beam where 20 = 0; +there are thus arc pairs,

"Itnes", which represent identical reflections.

D27.16 Selact the 5 or & strongest pairs of 1ines and
measure the distance between them along the centre
line of the film;"ignﬂre the weaker reflections and
also the KB reflections,
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D27, 18

I+ is not necessary To work laboriously through all
the calcuiations, because an approximation of the
common value for dE emsrges after the {ierst three orf
four {ines ara resolved: thereaffer the use of a
slide rule enables the nearest integer for n2 to be
rapidiy selected and accurate calculations for dg Can

be worked out for this nearest integer only,

4 2 7 7
From the equation no= R R+ L al lacate
Mitler indices (h kR £) for atl |ines where dE i5 most

neatly Tdentical.

For the respective infegers of nE calculate the mean

value far dz; cinca angular errors are greatest for
Py 2 .

emall angles, [t is recormmended that d for |ines of

amal lest 26 are ignored when calculating d.

Alternatively, sirce anguiar errors progressively
decrease as the angle increases, plet £ against dE and
gxtrapol ate the intercept of the curve on the y-axis,
whare 0 = 90°.

d?
@.1630
¢, 1620
G.TollG =
¢, 100 =
é

G.159¢ J T ¥ ¥ 1 T v ; 1

24 gt I i




Observe that, as in the completed table of [Z25.12 *he
only reflections present are those where the indices

are all odd or all even.

The size of Ths unit celt Is
a=h = ¢ = JHE MM

NGTE that this fechnique gives an accuracy of better
than 1%; for LeF, 2 = b = ¢ = 0.403 nm.

D27.19 This itferative fechnique LPfusinaier the advantages of
making use of computerns {n engstabloghaphic analysis;
the altennative method of plotting 'a' against 'd' fon
same 16 planes and indexing the gifm on the diagram
doeds not Lend Liself Lo any greal accwuwey 4or a
camers of suck small geometny.

827,20 Repeat DZ7.1 to [27.18 but use Naf Fowder (99.0%)
" TEL 585.001 in place of the LLF povder.

Expose for 3 hours.

D27.2] Observe that, as expected foilowing D23.4 because Na
has a higher Atomic Number than Li, the length of side
of the Uni+ Cell for NaF (0.462 nm) 1s greater than
that for LiF.

D27.22 Dbserve also the Mextinction” of all reflections with
" odd indices, (111 {301} (331,

Canedul observaiion of the LiF photograph wifl reveal thai
these rejfections with odd indiees are all weaker than the
even indires.

Tha contacting sphene models jrom P22 could equallfy wetl
senve fon LiF (instead of NaCE) and NaF linstead of KCL)
sinoe the difference Ls merely a gueaiion of scafe.

Examinaiion 04 the modefs reveats that for the (111) redtec-
tion, waves from the Fluonine foms ane in phase but the
waves faem Lithiwn fons oppose thode of Fluonine fons, belng
mid-way betiween the Fluorine planes. Simifarfy for Sodium
and Fluorine, but the effective population of electrons in
the Lithium Lon L& onby 2 whilsf that of boih Scdium and
Fiuorine L3 10, one electron being 'shared' in the ionie
bond.

LiF ..... LI 3-1, Fo 1
Naf ..... Na'11-1, F¢ + 1

The opposing waves {xom Lithium, having Less eleetnons and
thus Less diffracling powenr than Fluorine, wilf only weaken
the negfection from Fluorine fons,  Sodium and FLuorine Lons
“have equal diffracting pewer, henee the opposilion of the
waves faom Sodium Lons will extinguish the Fluonine xegfection.

D27.23 This is strong evidence that the alkaline halide
compounds are, as Bragg predicted, face-centred cubic
syStems; the metallic fons form, by themselves, a
per fect face-centred lattice Interlinking in absclute
cubic symmetry with an equal number of halogen ions
forming, by themselves too, an equally perfect face-

centred lattice. .

D27.24 Repeat Dz27.| to D27.18 but use Sie powder, TEL 585.002,
In place of the LiF powder {or KNaF Powder}.

In preparing +he sample i+ will be noted that the 84C
. powder, being uefy dry, fends to fall out of the Fube
‘when using the temping technique: [f however the
sample tube 1s pushed horizontal ly into the powdar a
fow mill Imetres of the tube s filled; invert the
tube and-Tap Qanfly; the powder wili progress to the
copper wire. Repeat the process until about |Cwm of
the sample fube is filied and seal the end as In DZ7.Z.

Expose for 4 hours; mesningful results can be
obtained in 3 hours but the important {(111) refiection

will not be very inlense.

B27.25 1t 15 spparent from the results that S4€ has a face-
centred cubic lattice of Unit Cell length 0.438 nm

but Fhera arge obvious anomal ies.

027.26 The reftections (200) (222} and {400) are absent {also
the (331} but this is usually weak in any cace );
further inspection of the film reveals that in the
region where the (400} and (331) reflections are ex-—
pected there is a series of many more Fhan two weak

reflections.

There are also relatively s¥rong reflections present,

one clese o the (111) line and one betwsen +the (4223
and (311, 333} reflecticns.

Reviewing the tolaf number of equivalfent neflections fox

the (111} anc the (200] planes it s neasonable fo expecd
Zype {200), with 6 possible reflections, to reflect with
onfy a marginal difference in intensity with nespect te type
(111), with & possible neflections, namely 111, 111, 171,
f11, 171, 711, T17,and 771,

A difderence in the anticipated intensity of reflections
grequently provides a tead 1o the type of possible stnuctune,

For cubic systems the theoneticaf numbern of equivalent
reffections ia:

Type of xefbection hoo | kio | hko -} kih | ARt | Rt

Nusber of neflections | 6} 12} 24 F 5| 24| 48

Thene 48 thus evidence that the hofosymmetry cbsehved -fon LiF

- and NaF {5 not present in the 84C fattice; afso that some

mateniaf {8 present which is not cabic and {ace-aentred,

D27.27 An Aifenalive analysis of why (200}, (222) and [400)
Ae flections are absont can be found in stondand text
books Ain neferences to the itavctures of CuCl and ZnS:
SiC 48 also of this type exhibiting the tetrahedral
conglgunation, usually predeared by ecarbon bonds,
wherein each Carbon atom is tetfrahednally surrounded
by four S{Licon atoms.

027.28 Chemical analyiis of the powden indicates FThat it ia
refativefy pure s0 the onfy othen possibie expfanalion
of the additional non-cubic reffections is that S4il
can take up aliernative Lattice configuaations ok
phates; regerence Lo standord wonrks neveals that thia
A8 tree, The fournih phase is cubic but the othen
phases ane all hexagonat,

Judging by the relative strength of the neflections
due o cubde fatlice, thene is a predominance of SiC
{1V) in the powden sampfod,

027.29 Powdenr phofoghaphs usually exhibif a generatl redunetion
in intensity with incheasing angle 20 (equivafent fo
decreasing planan spacing 'd') and this phenomenon L4
afso cbaeaved in single crystal Bragg experiments.

Some varniation of {nfensily grom one ALype of refleciion
te another is to be expeoted as a result of the
different diffracting powvens of atoms (the chgatal
sdructune amplitude) and of the possible numben of
equivatent neqfeciions,

For & complete treatment of othen-factors afgecting
the intemaity of neflections, high electron density
fon h&ghmdm di §fnactions, thermal vibaation and
absorption, nefenence should be made to standand text
books. | '
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D27.30 Foa singfe chystol Bragg expesiments however the

nefative punidy ¢f the chystal has an effect on the
intensity off nedfections.

To gbfadin diffraciion of a paralfed beam of X-nauys,
the Bragg equotlion pusi be satisfied exactly; 4§ the
chyatal (s penfect then the incident beam will he

dif fracted onfy when fhe angle is expefly ainhllffd'.

D28 — CRYSTAL SYSTEMS {34 + 4 + 4 HOURS)

KIT SBZ2+583

30 kY BO pA HORMAL LAB

The materiat under investigation does not have to be in

powder form;

the crystalline structure of a saiid solution

can be cdetermined wsing the Cebye-Scherrer technique.

In practice, the coflimated beam is not ruly paraffel DZ8.1 Repeat 027.1 1o DZ27.18 but use Aluminium Wire
but divenges stightly s0 that if a penfect eqystal is (Purity 99.9%) TEL 585.005 as the sample, in place
{nnadiated, only a small proportion of the beam can of I«F. Expose for 3 hours.
satisfy the Bragg condifion. The resuilts show that Aluminium, even in-wire form,
14, however, the surface Layers of such a crysial ane has a face-centred cubic structure of Unit Cell tergth
"disfocated"” to creale a mosaic of crystaflctes titted 0.402 nm.
alightly at nandom, then the proporiion of hays that Observe that the high order (511} iipes show evidence
will satisdy the Bragg equalion {s sdignificantly in- of doublet structure (see Para DIS).
creased, nesulling Ln enhanced Lntensity of refleciion. D28.2 In place of Aluminium, the Copper wire TEL 586.003
The foun craystals used {n this proghamme of instauction may be conveniently used, cut to a (eagth of |5mm
ane especially groum, cleaved and dislocated {or use and similarly exposed for 3 hours; Copper has a face-
with the Tel-X-Ometen; one major cleavage face 4is dis- centred cubic 1nttice of Unit Cell length 0.362 nm.
Loeated by an abrasdion fechnique and can be hecognised CUbserve the bhlackeaing of +he film Tﬁwards_fhe.ends
from the "{lat matl” appearance of the {ace. due to fluorescent scattering of the shart wavelength
The crnystals LiF and NaCE are panticularfy pune and white radiation, from the side of the copper sample
exhibif a marhed .improvement in intensity of heffections facing the beam.
from the distocated surfaces companred Lo the opposide, D7R.3 Repeat D27.1 fo N?7.18 but use Niobium Wire (Purity
as cleaved, face; to obtain crystaks of KCE and RbCE 9g.9%) TEL 585.003, as the sampls in place of LiF.
of near pengection {& veny difficult and the REDUCTION
of intensity of reflections from the dislocated faces Expose for 3z hours.
indicates that the process has menedy cneated even The results show that Niobium has a Unit Cell & length
gurthen Lmpengection. 0.330 nm, but a study of the Miller indices reveals
An additional cause of Lack of intendity uiing a nean that, instead of being sither all even or all odd, tThe
perfect caysial is Woxtination" wheae fhe phase and planes which give rise to constructuve inferferance
angle of centain aeglections contnibute to annihilate have
a proportion of the incident beam, ad distinel from h + k + £ always EVEN
the reflected beam; thid effect 44 nebatively omatl This typifies a body-centred cubic sysféhJ
but it neventhefess L3 ameliorated by disfocating the - |

D28.4 Repeat D27.1 1o D77.18 Lut use Ammonium Chloride,

siface Layexns.

in some humid climates the crgsfals may deliquesce
profudely 4n spiile of the presence of silica-gek An

the phiafs; ihe crydtafs may be phﬂiﬁciﬁf-wiih a Light
eoating of cofounfess naill varnish; cane should te
exencdsed to avedd dissofuing the colfourn ceode by wWhich
the caystals are hecognised, The variish will also
camouffage the matt appesrance of the disfocated face

which must be fhenrvafter deternmined by {nfensity
meaAwhements .

HH4E£. TEL 585.004 as the sample in place ot LiF.

MH4EE (99.5%8) is very crystalline in powder form and
does not respend fo being finely divided by pestle
and mortar; however {t does readily sublime to a fine

DOwWdeEr.

Mount & small diameter test Ffube, filled Yo about cone
third with cold water, inside a larger Test tube
{about twice the diameter) cﬂnféining a few grammes of
MH#EI; the water filled test tube shoutd be about
20mm above fthe surface of The powger.

027.31 The S{C Debye-Scherrer photograph reveals that
variations in the symmetry within a cubic tattice are Gently apply heat from a biue flame in The area of
possible although LLF and NaF both exhibit holosymmetry- ¥he HH4EE*

The experiments il[lustrate that within a face-centred
cubic "space-lattice" ditferent types of pattern-unit
ar "space group"” exist which give rise to reflections,
discreet both in dircction and in internsity; an
iterative analysis of these reflections leads to an
understanding of the space-group, space-lattice and
size of the unit cell for the material under investi-

gation,

The compound readily subiimes To <ondense on the
water filied test tube; after s few minutes sufficient
fine powder should be creaated to scrape onto a watch
gtass and the Sample Tube can be prepsred as in

D27.2.
Expose for 3% hours.

The results show that HH4C£ has 2 Unit Cel!l of tength
0.388 nm, but a study of the Indlces reveals that ALl

planes give rise fo constructive interference.

This fypifies a primitive or simple cubic system,

There ane founteen types of dpace fatidice, the Bravais
£axii££4;ﬁ This proghramue of expenimeris [s in{ﬁndad Lo
5am£££aaide the student with the basdie principles of ﬁng&tﬁt- |
Lography and so only the most simpfe sAyafems arne examined, o
the three cubie sysfems, |

Mote |:  The (100) smallsst angle retlection ¢an be

observed, but it is very faint.

The cebl is considered as being constructed

of ammonium and chiorine ions.
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The aeascn for recommerding the subfimation precess {s that
if Lthe size of grain in the sgmple L foo Lange, Lhene ane
insufficiend particles present foa Lhe apecimen Lo possehs

patienn beaxs a nresemblance to a ffat-§ifm Debye-Scherren
phologaaph Aesulting from ravdom onientaidion.

bui 4in the sinessed siate the mofecufarn chain L8 dran ot
and the difgraction patlesn hesembles fthat of a single
cayslol with reffecfions in the equatoriaf plane: -when
perpomred with gueaten preedsion this technigue afso neveals
upper Layen neffections,  From such precision phofographs it
b often possiblfe o eatimate the unit cefl dimensions, to
cendtued a neelprocal Eaftice and deduce the c&gﬁiﬂiﬁina
propehiiles of the stressed polymer chain.

nandom endentation; the mesubitani phoetographk appeoirs
‘spolity' and usually a fongen exporure L5 necessany Lhan
foh fine grain powderns.

T4 a powdea sample i& stationany, the maximum ghrain Aize
shoutd not exceed 10 michons if 'spottinesd’ s fo be avaided.

1§ a powden sample is rotated using he Mofoncsed Dradue Undd,
the Rimit of particte size may be {ncreased Lo 45 micaons,

The presence of ‘spotiinesd’ on a phologhaph car also be wse-

fuf in revealing the 'state’ of the specimen. The diffraction patterns revealed in these experiments and
An those of the previcus paragraphs are waigue to ithe pantic-

— } + ] . . . . . . ;
D29 — MATERIAL STATE (4% + T HOUR OR + 7’2 HOURS) wlan watenial being {rnnadiated; At 44 this uniguencsd that

peamdls X-ray diffraciion fechniques to nod only identify
KIT SBEZ+385 . ) . sy
TEL 587 30 kY 80 UA NORMAL LAE sdnghe chysfals but alsa fo defenmine fhe composition of
¥
§ ® mixfues .
D29.1 Prepare a mixture of Aluminium Powder 585.0CE and

Lithium Fluoride Powder 582,008 in equal volumos. D20 — MATERIAL COMPOSITIONS (7 HOURS)

D29.2 Repeat D27.1 to D27.18 and expoce In two parts,

staticnery for 2 hours followed by rotation for 2 hours

using the Motorised Drive Unit, 587.

KIT 5824583 30 kY 80 pA NORMAL LAB

‘ : : that , ’ :
D2%.3 A cursory analysis of the orocessed fiim reveals Tha The unigue natuhe of diffraction patteans has fod 2o Debye-

Scherren Zype technliques being widely uded for the {dentifi-
catron and analysis of mixtures where the comporent parts
extst as sepanate crysials, The identification of mixtunes

fines can be atiributed to each of the constituents of

the mixture merely by distinguishing betwesn "spotly

th

[ines" and "clean lines'.

Make side by side comparisons using. the photographic
results of D27.11 and 028, +o provide an "index" of
identification for AL and LiF.

does nol digfen in principfe fnom that of sdngle substances,
wherein the component pants of the mixiure are identidied by
the spacing of the strongest Lines and the composition by

The "aspottiness" of the reffections from the Aluminium Fowder weight L& estimated by measining the intensity of Those Lines,

Andicates that the grain size of the meinl powden L4 much
Largen than thai of Lfhe halogen compound.

The Iachniqua A& howeven nol very senditive and to detect
even a 5% composdiion neguiiesd ﬂﬂﬁﬂ§g£ analysis of the
This fechnique 46 frequently used fo assist in "separating" effects of absoaplion and angular differences.
ghoups of neflections priorn Lo funthen analysis, especialiy
in woah involuing the develfepment and manufaciune of meialfic

adloys and of ceramics,

If it is of didactic importance, the student can perform
identification and analysis experiments using the Tel-=X-

o Cmeter.
Leue type patterns can be used 1o not only indicate 1he

"state’ of granularity but also the 'state'! of stress en- Mixtures of powders already vsed in the previous part of

dured by a crystalline structure. the programme witl &llox the student to refer to the single

_ substance photographs and numerical caleubations al ready
029.4 Set up for the Laue photograph as in DI2 but use a

i achieved and thus sktmulate the Upgsala Photographic {ndex
Folyethylene Monofilament 585,006 in place of The PF grap

and the Fowder Datfa Card Index published by the American
Mini-Crystal.

Society for Tesfing Materials.
Ensure that the axis of fthe moncfilament 15 vertical
In order to ohtain adegquate |ine separation, mixtures of

NH,CL with LiF and of Mgl with NaF are recommended ;

arnd that the monotilament is centralised over the |mm

diameter port.

exposures of up te 6 hours are reguired for compositiens in
Select 30kVY, BO pA. . )
=ien ¥ the ratio 2:1 by weight,

Expose for 20 minutes, at £.5.% o | hour 2t E.5.3

gepending on time available. , i . ]
pending The experimental nesulis LLfusinate the need fon mwuimum Eine

sepchation and thus the reguixement to employ the fongest
possihle wavefengihs, Langt diameten camenas and smoalf
diomeder specimend,

029.5 Remove the monotilament and manually stretch the
cenbral portion of the filament until 1t obfains &

elearly 'arawn' form.

Replace the monofitament cver the Imm aperfure with

tha drawn portion centratlised over tha part.
D2%.6 Replace the exposad film with a fresh Filmpak 750/Z.

Expose tor z0 minutes or | hour as chosen for D29.4. NOTE ¢ The efements Fe , Cr and V, alf cubde and body
cenithed have not been xecommended eifher i wine oh powder

foam fon this senies of experiments ; these efements are highly
exeiied by both Cuks and Cuke radiation resubiing in such a
radical £088 of Cu chanacteristic radiation that no signif-
Leant sfrwuetune information 4a reveaked on phetophaphs madez
durding exposuned of wpe Lo foun hours, |

D29.7 Compars the photographs of the "amorphous™ polyethy-
tene (D2%.4) with the ™oriented" material (029.6).

In the amoxrphous state the Long molfecuban chain of pofyethy-
fene 48 codded up Like a spaing and the X-ray diggraction
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scalzened nadiation 43 appaneni in Lhe ﬂehyt-ﬂchénﬂﬂh
ohotoghaph 0§ experiment DI5.2, ithe exvosure of which
Xakes 3 houwrs al J0kV and 30 pA.

The blackening towaxds the ends of the fifm are tfend-
ing to obliferate the bfack diffraction Eines which
are Lthe veay features which requine detadfed analysis.

It can be again dediced, from the Law of Reciprocity,
Ahat eguivalent blackerning would be presend in a §iim
exposed fJon onfy §.64 secondd ai TOOwA and 30RV.

Seatiened nadiation 48 @ hazand Lo adequaie contrasi
in industriad and in medical diagnesis and both
diseiplines have developed masks, ghiifls, scneens and
blocking media which, when suiiably placed, minimise
the effects of scatiered nadiation.

Crystallographens , however, can xarely wse efimination
techniques and, when meaauring the intensity of
neplections with dendifometer instnumerts, the con-
truibution due Lo scatten must be estimated from the
surhounding {4i&m,

D32 — DEFINITICN {45 MINUTES)

The Definiiion ox shanpness of images depends 1o a veny farge
exient on the size of the focal spot of the X-ray tube.

k¥ as
speci fied

KIT 582+584 B0 pA NORMAL LAB

D32. 1 Fiace the Pin-Hole 582.006 centrally in the Crystal
Post ad justed such that the beam passes through the
centre line both of the collimator and of the Carriage
Arm (f.e. 0 = 90° ang 26 = Q7).

D32.2 Load Film Cassette 562.013 with a Filimpak 750/2 and
locate a1 E.5.21;: note that E.S.21 iz 16 cms from
the focus, iwice that of The cnllimﬁfﬂr at 8 cms and
the set-up thus represents a Pin-Hole Camera.

Select 30kY and 50 wA and expose for | -minute.
Frocess the {11 im.

Observe that the apparent focus Is about Imm in
diameter; the actual focus at the anode is lmm by DSmm,
being the imzge of the fiizment, but the foreshortened
view of this represents the apparent focus, which is
senn 1 closer nzpectiat t™n he a Imm square with

Feeunded Corners.

anode }
E om
pin-hole W . l
coffimaton f
5 rm

g4Em

D32.3 Remove Collimator, Crystal Post and Jaw.

~ Place Cracks 584,004 at E.$.29 with a pin trapped in

the surrounding slide as in D31.2.

D32.4 tocate Film Cassette 562.013 toaded with a Filmpak
750/2 at £.5.30.

Select 30kY and expose for | minute.

Frocess the film

The siide comprises a thin piece of glass covered on both

sides by paper adhesdlve tape; nadial chacks have been induced
by stnessing the gass to yield at the centre.

Tha.dtuatqped §ilm neveals these chacks as dark Lines on a
Lighter background; the X-rayd have penctrated the pdths of
the cracks and are fess absonbed than through the body of the
glass., | i

0D32.5%  Setect the guadrant with the greatest number of
cracks and mark the paper covering the slide

accordingly by referring to the datum pin; remove the
pin.

Throughout all the following eight exposures rotate
both tha Cracks Slide and the Lead Mask sych that
the marked quadrant is always radlographad.

The natio of the subject/docus distance to the subject/{ifm
distance L& alsc an {mporfant {acton influencing de finition.

D32.6  Place the Lead Mask 584.006 at E.5.29 to expose the
first guadrant. '

D32.7 locate the Cracks 584.004 at E.S5.28 with the marked
quadrant in the same angular mode as the Lead Mask,
B32.8  Locate Film Cassette 562.013 loadad with 2 Filmpak
750/2 at E.S5.30.
Select 30kY, S0 pA.
Exposa for | minute.
D32.9  Rotate the Lead Mask and Cracks to quadrant 2.
Select 20KV, S0 uA.

Expase for | minute.

D32.10 Rotate the lead Mask and Cracks ‘o quadrant 3,
replace Cracks in the correcy angular-mnde_af'EfS;EI.

select 30KV, 50 ph.
Expose tor | minute.

D32.1! Rotate the Lead Mask and Cracks to quadrant 4,
replace Cracks in the correct angular mode at E. 5. !4,

select 30KY, 50 pA.

Expose for 1 minute.

Frocess the fiim.

Cuadnapt 2 neveals that 20 keV aadiation i not sufficiently
enengelic to produce a radiograph.

Guadrants 1, 3 and 4 show that maximum definition it obiained
when the subject/{idm disfance {3 a minimum; Lhe presence of
penumbia L8 not cbuious in these images but il L& apparent
that the Langer the ratio between subject/jocus and subjeat/
§ifm distances the smaller will be the penumbia and consequent-
£y the "geometnie unshanpness™ wiff be neduced.

F AT p—




Magnd fication such as exhibidted by quadrants 3 and 4 may be

desircbfe and oplimur conaitions must be esfablished for
maximun defindfion; the greaten The focus/fcfm desiance Lhe

£ongen the exposune (on the Qnea&an the intensityl. Industrial

radiognaphiens can accept refatively farge expesures bul goh
medical applications This may result in duither unsharpness
due to 'BPuxr' caussd by the movement of the subject;

optimum conditions mrit agein be based on The maximum fube

cunnent avalfable and the Law ¢f Reciprocdiy.

Shanpness can afso be sendously effected by vieming angfe,

u32.12 Rotate Cracks to the same angular mode as in 032.3

and locate it at an angle to the primary beam across
ETS-EB ang E.5.25.

032,13 Locate Fiilm Cassette 562.00135 ioaded with & Filmpak
T50/2 at E.5.30.

Select 30kY, 50 pA.

Expose for | minute.

Process the film.

Compare the film with that of D32.4.

Observe that some cracks have been accentuated wheresas
ofhers, although stil: apparent, have lost their sharp

nefinitiomn.

A technigque uded by {ndustniaf aadioghaphens i& Zo mount
eifthen the subjfect on the X-ray fube head such that Lf can

be oriented nefative 1o the other; by using the "{luchoscopy”
method and efectnondc {mage intensdfication, any chachs
fLocated can be angled fo gdve the sharpest definition. Such
chacks often occun whene there L8 a major change of section
An a casding and the inspecidor may Anchease the voliage on
the X-aay tube to provide greater pengfration thaough the
thicker sections, eapecially L the caack {& a sunface chack
and has noi propogated through the matestal.  The {nspeclon
thus adjusds the "semsdlivity’ cf the invesiigation.

D33 — SENSHIIVITY {24 HOURS)

Remove Crystal Post and Jaw.

KiT 582+584 "V as 50 u A

. NORMAL LAB
soecitied

When, on viewing a radicgraph, no anomalies are evident, Tt
cannot be irferred that no defects or inclusions are present;
they may be there but the practical parameters may not be

sutficiently sensitive for their detection. | Information that

any defects that are present cannot exceed a maximum thickrness

is a valuvable guide 1o ¥the efficiency of The radiographic

fTochrique.

D33, 1 Remove the circular frame from a Film Cassette 562,013
and load a Filmpak 750/2.

Hemove the keeper plate from magnets 562.008 and place
a magnet on each side of the film cassette such that
the magnet on tha 'exposure! face is macking exactly

cone half of the filmpak.

tocate fhe assembiy at E.5.30; the magnet should
mask the left-hand vertical side of the filmpak, as

viewed from the back cf the cassotte.

D33.2  locate Lead Mask 58Z.006 at E.5.28 to expose the fop
right=hand auadrart of the fitm.

D33.3  Aftix the two O.imm thick strips of aluminium to the
fiat back of the Aluminium Wedge 562,014, using
adhesive tape, as i1itustrated. '
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Locate the assembiy at E.5.27 with the strips forming

an inverted ¥; ralise the slide about Smm from the

bottom ot the slot of the carriage arm:

J

— — bl p—
'n—--_—-l—--"
. b

5 mm

D33.4  Select 20kY.
Expose for 10 minutes,

D32.5 Remove the lsad Mask from E.5.28,
Expuse for a further 10 minutes.

D33.6  Slide the Magnets across the cassefte 1o now mask tha

al ready exposed right-hand side of the film.
setect 0KV,
Expose for 13 minutas,

D33.7 Heplace the Lead Mask at E.5.28 to expose only the
Top left-hand guadrant of the film.

Expose for a further 20 minutes.

Frocess the film.

A comparison of the gquacrants neveals the imporfance of
penethation (kV) and intensity [exposuwne Zime ok fube curthent)
in phovdding adequafe "contraasl' Lo detect a 0.Tem diffencnae
in the vahrious thicknesdes of the Abuminium Wedge.

phacave that 20 kel aadiation is not auﬁﬁih&aﬂiﬂy energetic
to penetrate meae than the back plafe and the finst siep o4
the wedge {(Quadnant 1],

Tn quadrant ? the 0.7mm sinip 48 cleanly discennible through
the back plate but barely through the finst siep,

In gqucdhant 3 the strip i3 neveafed Ihrough the first and
Aecond siteps ab welf as the back plate, |

The sitnip L4 visible thnough even the thind step and just
discenniblfe .in the founth and thickesi step.

D33.8  The steps and back plate are O.75mm thick and the
tsensitivity' exhibited by the quadrants can be
expressed 2s a8 percentage of the thickness penetrated.



g.1 mm lalaip)
Sendilivity = - : x 100
Thickness of atrip + wadge

D34 — RESOLUTION {45 MINUTES)

Remove Crystal Post and Jaw.

KIT 582+584

20 k¥ 50 uA

NORMAL LAB

Thicknedd .in mm

Lack Siep S{ep Step Silep

Quadnant PRate ! 2 3 4
?.85 1,60 2.35 3.10 i85

] _ y - - -

Z 12 % 6 % ~ - -

h 3 12 % 6% 4 % - -
[ 4 - - | 4 % 3% 23 %

D35. 9

055,10

03311

033. 12

D33.13

D33.14

Observe, in guadrant 4, that during the longest
exposure the image of the ceniral hele is biurred due
to scatter trom the film T+self with some contri-

bution from the aluminium of the wedge.

The contrast at Step 4 in quadrant 4 is poor
(similarly Step I in quadrant 2 and Step 2 in quadrant
3} and any further foss of "definition' would cause

the image of the sirip to be indiscernible.

Load the cassette with Filmpak and magnets as in
D35, k.

Llocate the Lead Mask at b.5.28 To expose the fop
right-hand quadrant.

Locate Aluminiom Wedge {(with strips) at E.5.20 in the
normal manner and not raissd by Smm.

Selact 30kV.

Expose for 10 minutes.

Remove Lead Mask from E.S5.28.

Expose for a further 10 minutes.

Remove both Magnats - the film is now unmasked.
Expose for 20 minutes.

Replace Lead Mask at E.S5.28 1o expose the top left-
hand gquadrant.

Expose for further 30 minutes.

Process +the film.

Obsenve that even after 30 minutes exposure (Quadrant 4) £t
£ veny difficult Lo distinguish the end of fhe sirip and
An the thind sfep discernibility 45 at Lts Limit {n quadrants

? and 3.

The increase Ain ﬁiim 1o ﬂhjaci didtance and the consequent
Loss of definition has Lthus neduced the sensdfivity of the
diaghoiis from 2[% Lo 3 on even 4%.

The quatiintive measurnement of sensdiiviiy £s mainfy practised
by i{ndustriaf radioghaphens uiing gféat, siep and wirg fype
penetrametens or Image Qualiiy Indicatfons [1.0.11.

1.0.1 Sensdfivity =

dimension of thinnesi sfep or wine X 100

Ihickness of specimen

It is mone difficuft o employ sdmifan indicatons in medical
diagnesis, wheae sendflivily Lo nefenred Lo as 'qood’, 'bad’,
'betten', 'worse', efo. when assessing the extent of Negative
Diagnoada,

The empEopnent, in the joregoing dwo txperniments, of the
progqhessdve. exposuwre techuique has neduced the totol exposuvre
time fon this seection,53 + 140 (193] to 43 + 70 {113) minufed.

tuen when a defect had been dedected, a hrowfedge of the
‘resolution’ of the radioghaphic process is necesdary in
chder to estimate the real nature of the favft,

034. |

(134 .2

Mount Poerosity, 384.003, at E.5.27. Locate Film

Cassette, 562.0!3, without the circular frame and

foaded with a Fitmpak 790/2, at E.S.28.
select 20kY, 50 uA.
Fxpose for % minutes.

Frocese the {ilm.

The dntduded {non §ilings are revealed ab white dofs and the
trapped bubbfes as dank doia.

D34.7 Remove Porosity, 584,003, 4o E.5.24. Placa Lead
Mosk 584.006 at E.5.27 to expose one quadrant.
Reload a Filmpak 750/2.

(34, 4 Select 20kY, 50 pA.

Expose for 5 mingtes.

D34.5  Remove Porosity +o E.5.2!, E.S.17 and E.S.13 in turn
and rotate the tsad Mesk to expose successive quadrants
allternatively.
bExpose each guadrant for 5 minutes.

Frocess the tilm.

Chserve the prograssive loss of resolution; the
inclusions become more fused as the cbject fo fllm
distance ncreases,

the resclution of g radiograph can be quantised Ly
using special grids which enable the inspector to
determine the number™of 1iines' per millimefra whlch
can be seen as discreet images.

STUDENT ENQUIRY

Faulty Weld, 584.005 is included as a practical test for the
student; based on the programme D31 to D34 the student might
measure the thickness of the subject and then

|

assess the quality of radiation required (30 kV),

* estimate the tube current and exposure time to giva the

required intensity {1259 pA min},

* determine the location of the defect (use pin datum) and

* sstimate the cize and nature of “the defect .(the method used

to induce the fault in the otherwise high quality butt weld

always produces inciusions and frequenti{y some porosity but

not with each and every faut).
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RADIATION UNITS AND MEASUREMENTS, D35 TO D40 {3 HOURS)

Throughout the entire series of experiments, frem 0O 1o 034 ,
the X-ray emission has been ogefined by its wavelength and
1n+en55fy, the latter in effect being the power of X-rays to
proguce ionisation, whether in a photographic emulsion, a
Geiger- Mol ler tube or an lonisation Chambar; 2 similar state
of affairs existed from the time nf Frofessor Wilhelm Hanfgen‘ﬁ
discovery in 1893 until the First International Congress of
Radiclogy was convened at Stockhclm in 1928. Then, in honcur

af the Professor's work, the "power of X-rays fo produce
ionisation™ was defined as the 'roentgen' and given the

symbol K where
1 R = | esw of ionic charge |iberated per.cm3 of atr at STP.

since the OGS system is no longer generally preferred, the
esu 1% replaced by the Coulomb, where | Coulamb = 3 x lﬂg a5y
and the volume of air at 5TP is defined by msss which for

| o of air 15 1.293 x 107 kg.

I R - . -
1,293 x 10

- 2.58 x 1077 C kg

3 x 107 w6
ln experimental programmre 03 an laonisation Chamber is used to
detect the presence of Tonising events tn the enclosed volume
of air; the results ars recorded in terms of amperes, A and
making use of the definition '"Coulombs per second', +he above
eguation may be rewritten

] R sec”! = 2.58 x ID_d A kg-l.

This is the "exposure dose rate" and the Ferm Is applied only
te electro-magnetic radiation; thus it is also used when

measuring exposure to gamma radiation,

D35 — EXPOSURE DOSE RATE {1 HOUR, OPTIONAL):

lonization chamber, picoammmeter, and 5 KV power supply reguired
Remowve Crystal Post and Jaw.

KIT 582+584 .o
+ TEL 588 k¥ and LA as specified NORMAL LAB
D35.1 Remowve the plastics window which incorporates ths

gvacuation manifold from the lonisation Chamber, 588
and measure the internal diameter, d and length, L
of the chamber.

Calculate the enclosed volums of air, wdgifd cm31

Calculate the mass of this volume.
&

M = {ﬂdELfﬁix 1.203% » 10 kg.
Specificaily for an |onisation Chamber of fhe volume
af TEL 88 therefore the calibration facter, F is
given by

! ~

| ampare =

2.58 x 10 x M

4.53 % 10° R min_

whence F

and conversely

| Rmin~' = zi.85 x 107" A,

but this 12 net an absclute eguivalent since the air

in the tenisation Chamber 1s not at STR.

D35.2 Do not replace the evacuating plastics window but

mount the lonication Chamber with the plastics flange

1

suypporting the anode at £.5.26 and the aiternative
plastics flange with the central hele sopporting the
front of the chamber at+ £.5.]3.

Lonnect up the circuit as il lustrated at para. 53 to

a 0C Amplifier with a facitity to measure currents down

43

-2 .
T 1O amps and polarise the lani<ation Chamber using

3 piher supply with & do output variable to SO0 valfs.

D35.3 Set the polarising voltage Uﬁ at 30 vob s and
select 20 kY.

Tabutate the colbector current IE tor increments of
X—ray tube current Iﬂ, monitoring this ty means of an

external mefer; compiete the Table and plot the araph.

Ia IE Pose nate
v 1078 y jo- 11 1, x F
A A R mLH_I
10
20
30
40
5g
50
70
50
- . =]
1.8 R min
9.8
t
0.6 ;
]
|
;
0,4 - !
|
|
|
i |
0.2
I
|
| 1,
L
0 — r ) ; .
0 7 46 40 g6 x 10°°%

The non-£ineanity of the ghaph {4 due to the finite negulation
of the nigh voliage supplu;  as the tube cwhnent i inoreased
b0 The e.h.l. duififs slightly and consequently the radiation
emidted will be manginalfy Less erengetic and thus mone ab-
sonbed by the glass of the X-nay Lube and by the air traveased.

The non-fineardity i& nof s0 apparent with the handen nadiation
emiifed for 30 RY anode vollage , see next panaghaph.

The graph represents the doze rate at the mid-point of
the lenization Chamber, some IS om from the X-ray source

tabout G.7 R min | at 50 uA tube current and Z0 kV).

035.4 In [968 the Internaticnal Commission on Radiclogical
Frotection adopted a report ([URP Publication 13} which
recemmends that the exposure under waximum operating
conditions does not exceso 0.9% mR Tn one hour at 3
distance of 5 cm from the shielding, measurements being

Aaveraged over an area of 10 cm3 (about 3.6 cm dismeter).

The X-ray beam impinges cn the scatter shield about
25 &m from the ancde; the theoretical exposure 5 cm
beyond +his and without the scetter shisl¢ can be cai-
culated by applying the Inverse Square Law, see [8.



Select 30 kY and record the collecior current, Iﬂ at

tube currents, Iﬂ of 20, 40, 60 and BO pA.

x 1670t x 107 A R opiin

20

41

ap

8

’ ﬂ T T |
0 20 40 214 5

The theoretical exposure at 30 kY and 8C p A (maximum
cperating conditions? and 5 om beyond the scatter shield
thus is R x [IEHED]E, typically 55 R in one hour and

averaged over an area of ad2f4 CMla

The radiation of the primary beam must therefore be

severaly attenusted.

D35.2 Rest the Shielding Plastic 562.029 In front of the open

end of the lonication Chamber o attenuate the beam.
Select 30 kY, B0 upA.

Measure the coliecter current, If_1 altowing time for the
amplifier to stabilise; currents of the order of

1.5 x 107'¢ A are typical .

D32.6 Calculate the reduced exposure and determine the
percentage transmission, T relative to the dose rate
at BOuwA recorded in D35.4 (¥ypicaily 0.25 § ).

D35.7 Estimate the reduced dose rate at % cm from the
scatter shield as In D35.4.

This is in axcess of 100 mR hr_| and o the plastics
material of the scatter shield by itself doss not

provide adequate attenuation of Tha primary Beanm.

035.8 BRemove the Shielding Plastics and placs the Lead (0Q.5mm?
262.025 in front of The open end of the lonisation

Charber.

Chserve that the collector current is reduced fo zero.

The primary beam bachsiop affixed Lo the seaffen shield
comprises a sheel of Lead, 1 mm thick sandwiched befween the
plastics material and the abuminium exteanal plate ; the
patmany beam L5 thus Lefakfy absonbed by the backsiops.

L35.9 The Shielding Flastic has been shown to have attenuated
the primary beam by some 55 R hr_i. The phastons not only
tornnise the plastics material but they alsc experience
Compton and ccoherent scattering; the roentgen, by
detinition applies oniy 1o a8 mass of air and hence

cannot be used for the plastics material.

There is theretore a need to express noet only the
ionisation effect but alsc the total energy extracted

trom the X-ray beam by a particular material,

D36 — RADIATION ABSORBED DOSE, THE RAD,

In 1953 the xad was introduced as strictly a measure of the
absorbed dose in a specified material without reference t¢ tha

type and energy of the radiation, not just X-rays.

| nad = 100 ergs per gramme

and in cantemporary unitls

n
am

. . Fa .
| #ad = 10 ° Joules per kilogramme.

The average energy reguired to produce an jon pair in air is

34 eV or 34 % |,6 x I'D-I9 Joules, since | e¥ = |,6 x !G"tg J

the radiation absorbed by the air in the loriisation Chamber can

therctore be readily calculated in terms of rad .

B3.1 It n is the number of ions resuiting from an EXpoLuUre
of 1 R in air then
T = E {‘ 2-55 x t{}-ﬁ f Il-El b ID_Ig } kg-lu
e

The energy'Thus abzorbed

_ —-15 ~{

or G877 nad per rosntgen.

036.2 The energy absorbed by a medium other than air is given
by the equation
uo modium

_ -1
Eaha = v - * 0.877 rad R

whare L Es the mass energy abserption co-efficient.

This ratic is dependent on the wavelength where X-rays are

concerned and &lso on The sfomic number 7 of the medium.

However the Aad was primarily introduceg as a practical
unlt for radiation protection and for =ott tissue the

relationship is reasonabiy constant at  0.98 rad R_F.

This is vary nearly | aad and- for most practical
purposes ralating o hielogicai protection 8 measure of
exposure in air expressed in reoantgens can be taken as
glving the absorbed dose in soft fissue in aad.

Far materials other than soft tissue the eneray absorbed
cannot be ¥aken as the roentgen air equivalent due to the
often vaery marked difference In the mechanism of the

absarption procoss.

The abﬁorpfian'prﬂperfiea of elements of similar atomic
numbers and hence electron denszities reveal substantial
difterences for 'qualities' of radiation cvan as similar
as CuKp and Cuko.

B37 — THE QUALITY FACTOR, 4F (50 MINUTES, OPTIOMAL):
lonization Chamber, picoammeter, and & KV power supply required

K: T 58Z _
30 kY BO uA NORMAL LAR

The main characteristie radiations of Copper can be segregated
from the 'white' radiation using the diffraction properties of

& crystal, see para. Dl4.

B37.1 Meunt an LLF crystal, 563,005 in the erystal post with

the matt face of the crystal in the primary beam.

037.2 Zero set the Carriage Arm and Slave Flate as precisely
as pessible.

D37.3 With the lonisation Chamber located between E.S.13 and
E.5.26, rotate #he carriage arm to 26 = 45°,

D37.4 Connect the lonisation Chamber to the amplifier clrevit
and polarise 1o 300 volis.

051.5% Select 30 k¥, 80 pA.

=12 A

and with further attenvation .accurate measurements would

Observe that the current in the chamber is about 10

regquire the use of an expansive OO Aﬁhl?fier-
There is clearly a need for improved detection sensitivity.

44



14 £t is intfended te continue il expendiments niing different
presiuned ch gases then 44 L4 rccompendea that fhe evacuaiing
plastics window gfange be mounted, The percentage thansmission
deteamined and the calibration cuwive of P35.4 corrected
aecondinglfy.

For the purposes cf this programme a G, M. Tube <& wsed jox
imphoved sensitivify, aee DI,

D37.6  Switch of{ Fhe polarising supply fo the lonisation

Chamber and remove the chamber from the Carriage Arm.

0%7.7 Mourt G.M. Tube 546 with the Tube Holder 547 located
at £E.5.22 and connect to a Ratemeter capable of

integrating up to 5000 counts per second.

D37.8 locate Collimalor 562.CG15 at E.S5.13 with the | mm
slot vartical to discriminate for the Cuke radiation

at 28 = 45,
Solect 30 KV, BOuA.

Record the count rate, Iﬂ in the cotlimated beam of

Cuka radiation-

D37.9 PRotate the Carrlage Arm to 48 = 404° o intercept the

Cukp ragiation and |Tkewise record the count rate.

D37.10 Locate in turn the filters of Zn, Cu, NL and Co at
E.3.14 and +abulate the resuits.

Thansmis s Lon

Cuk B CuKa

es T/1 % aps 1/1 g

In

Cu

-t | = | e [ e

Co

The presesce of the absorption edges ot M{ and Cp
introduce abrupt differences in the progressive
increase of decrease in iransmission with atomic

number, sea paras D6, 017 and DIB.

Relative o biolegical exposure only fhese Tgual ity!
gtfects are not very prominent for X- and gamma
radiation but they are very different for the

absorption of particle radiation.

B37.11  In making health physics measurements & Quality Factor
GF s intreduced in order to asscess tha biclogical

cffect of diftferent ragiations.

Rﬁdiaiiﬂn - aF

X- and gamma Aays I
Efentrons | and befa radiation ) I
Theamal neuthrons 3
Fast neutrons 16
Protons o '__“ | ig
._Mwﬂmﬁﬂﬂn o 10
Heavy Lons 2¢

45

ror equal doses of alpha and X-radiation, the atpha
particles cause 10 times more damage per aad to
Biclogical tissuse and in 1995 the term Relativae
Bicleogical Effectiveness, KBE was introduced. this
term rela¥es the absorbed dose of defined X- and gamma
radiation to that of other radiation.producing identi-
¢al biological damage and since 1962 the RBE has been
generally contined Yo radiotiolegy and furthermore

The conditiens of measurement must be precisely

recorded.

The tYerm QF is currently preferred for the anélyéiﬁ
of radiation protection; both the RBEE ahd QF depend
on the Linear Energy Transfer, LET of 2 particis in

traversing & medium and this effect is already taken
into asccount in the Table.

Ditferent radiations may be present at any one time,
for example, oqutside the shielding of a eycloiron and

it 15 necessary to equate the effects of the various

BXPLELUreS .

D38 — RADIATION EQIRAVALENT MAN, THE REM {50 MINUTES)

kIT 582 kY and uh as specified NORMAL LAB

The dose equivalent can be defined as the probabkility of
the development of a particujar biological effect; in Aem
it represents the absorbed dose, In Afad multiplied by all

appropriate factors such as 0OF.

D38.F  Calculate the dose equivalent of the following combined

radiations detscied in the vicinity of a cyclotran,

Radiation Pose naie oF m rem !

_
Gamma- Aays 0.5 mR ha!
Thermal neutrons| 0.2 wrad hn?
Fast newbrons 0.1 muad hn’ '
Tofaf monitored 0 8 muad hnfl Tofat dose ‘
dose hate ' equivatent

Fer X-rays and relevant only to heslth physics measure-

ment S

1R = lnad = T nem

The maximum Intensity outside the primary beam of the
Tet~%-Omater is associated with CuKe radiation: in
order to estimate Yhe dose equivalent beyond the

secatter shield the G.M,. Tube must be calbibrated.

-

D38.2  With the Earriagé Arm in the primary beam, mount the
G.M. Tube and Holder assembly at E.5.22; the mid-point
of the G.M. Tube is 15 cms from the anode of the X-ray

tube, as was the [fonisation Chamber.
Ensure that the crystat jaw and post are removed.

The G.M. Tube will saturate when exposed to the full

beam and severe attenvation is réquired, ses DA, -
D38.3  Locate Colfimator 562.0i5 atf E.S.|3 with the imm siot

vertical. | | | |

Locate Coll imator 562.0{6 at E.S. !4 with The 3mm siot

horizontal.




The primary beam i5 thus reduced To a rectangle

O.b % 9.3 cm at the end window of the tube.

Select Z0kV.
B38.4  Ensure That the G.M. Tube is correcily polorised, see
D.4 and tabulate the count rate IH for tncrements of

X-ray tube currend Ia monttoring this by means of an

external meter.

D38.5 The dose rate has been rcduced from that of D3G.5 by

The creossed cotlimators.

Calculate the collimator factor, §.

{ - Area ot collimated bezm

Area of lonjzation Chamber

Complete the Table and plot the graph.

Dase rafe
I grom X 4 I
B35.3

-1

x 107%A B min mR MiH_T cps

T

20

30
40
50
&0

74

3000

a0

1600 -

DI8.6  Remove the ¢oll imetors and replace the LLF crystat in
The crystal post.

Rotate The Carriage Arm to 26 = 45°.

Calact E0kY and clogse The Scatter Shield.

Mount the G.M. Tube and Holder outside the Scatter
thicld vsing a retort stand or similar device at a
height and girection to intercept the CuKu radiation;
the mid-point of the G.M. Tube shou!d be 5 cm from The

surface of the plastic.

Select BO uA and, using & Scaler, record the fotal
number of counts cver Q0 seconds; 3 cps is typical

ang thaerefore a ratemeter is not suitable.

Such a count rate is too small To read the exposure
. on the graph of 038.5. However, tha graph js nearly
linear up to 2000 cps and the exposure ¢an be daduced

from The eguivaient exposure at 1000 Cps.

Adequate safeguond ngainst excessive exposture can be obfained,
as An the case of fhe Tef-X-tmeten, by both working al a Large
erioughk diéatance gaom The sowice and by wsing shfefding
mateniads .

But moest Andtruments wied to mondtox the exposune {0 a working
area sample onfy a navow portion of the radiation and when
eatimating working times oh ahiefdiﬁg naAameiens an account
muAl be made of the anea of the paimany beam,

D3% - BUILD UP FACTOR {20 MINDTES)

KIT 582+584 30 Kk 50 ph NORMAL LAB

In standard works ot reference the shielding efficiency of o
rangae of constructional materials Is given in ferms of

"narrow beam" or "broad beem®™ conditions.
59, | Llocate the G.M. Tuke and Holder at E.S.Z2Z.

Mount the Coltimator 562.015% at E.5.13 with the |Imm
stot vertical and Collimator 562.016 at E.S.!4 with

the Zwmm slot herizontal.
Select 30KV, 50 uA.
Record the count rala.

N33, 2 insert Colilimator, Imm tubular, 582.002 into the Basic
Port.

Recard the count rate and calcutate the percentage

reduction of The CXPOSUES,

D39.%2 Clamp one edge of the Shielding FPlastic 562.029 on
the crystal post and rotate the siave plate unfil the
shielding plastic inteércepts the primary beam at right

angles to the beam axis.

Record the counts over & pariod of 0 seconds using a

ccalar.
D39._4 Withdraw fhe coll imator from fthe Baslic Port.

Fecord the counts over 2 period of !0 seconds using &
scaler end calculate the percentage reduction of

exposure.

Compare with D29.Z.

The buifd-up of radiation monitoned in the bhroad-beam
({ypically 20%) {s due to the colfection of hadiation
scatiened by the absorben; 2he methods of eafcufaiion of
bucld-up facions ae complex and it 48 uswakly Sufficient
o nefer to published tabfes and chants.

1t is neventhefess siandend practice, whenever possihie,
1o perform an expenrimental measunement of dode hatfe af the
shiedded posilion and then nevdew this n Leums of The
geomeinical nelfationships of the sounce, any shielding and
Lhe defecton.

VERY IMPORTANT NOTE:

1T SHOULD BE NOTED THAY THE CALIBRATION OF THE G.M. TUBE N
TH1S PROGRAMME |S NOT ABSOLUTE AS |IT IS RELATED TC A VERY
S[MPLE }ONISATION OHAMBER WHiCH HHSIEEEH DESIGHED FOR DIDACTIC
PHRPOSES ONLY; FURTHERMORE, THE APPROXIMATE EHLiﬂRﬂTFUN IS
VALID ONLY FOR THE PARTICULAR G.M.TUBE, SINCE THEY VARY QUITE
CONS[DERABLY AND, OUE TO THE PREVAILING GEOMETRICAL COMDITIONS,
T 1S ONLY YALID FOR TEL-X-OMETER MEHSUHEHEhTS.: '

THIS CALIBRATION SHOULD NEVER BE USED FOR EXFPERIMENTAL WORK

WiTH OTHER X—RAY UNITS OR FOR a , 8 AND y RADIATION MEASUREMENTS.

Ak




D4l — INTRODUCTION OF St UNITS

Most of the definitions given in this instructionsl programme
are stitl commonly qucted although the Internatioral Commission
en Radiclogical Units and Measurzments {[.C.R.U.) issued

Report KNo. 19 in July 19371 recommending that Ihe ol lowing
definitions be adopted in or by 1278,

D40.1 Exposure, —— X.

The roentgen, R is accepted 25 a special unit of
exposure, X,

) a0

AT

where d@ is the absclute value of the total charge ot
the ions of one sign preduced in air when all the
electrons {negatrons and positrons} liberated by photons
in a volume element of air whose mass is dn are

completely stopped in air.
The word 'dose’ is de!iterately omitted and retained

onty for the term absorted dose.

D40.2 Exposure rate, —— X,

The guotient of rosntger by a suitable unit of Time

{ K min'r, ik hh_T etc.) Is accepted as a special unit
ot exposure rate, X,

. dX

X =

where dX is the Increment of expostre in the ¥ime
interval df ,

D40.3 Absorbed dose, — 7,

The nrad is sccepted as a special unit of absorbed

dose, . _
de
7 = dm
whare d& i3 the mean energy imparfed by ionising
radiation fo the matter in a volume element and dm is

the mass of The matter in that volume elemant.

As with exposure and exposure rate so

+

whare P 15 the Abscrbed Nose Fate.

Daf).4 Quality Factor,

Q.

The symbel Q@ is preferred to the former QF; for X-rays
this factor is [I.

040.5 Dose eguivalent, — f.

The aem is sccepted as o special unit of dose
equivalent, f.

H=DPx0xN

where N is the product of any other modifying factors
such as those allowing for distribution i absorbed dose
in space and time. This facter is currently assigned a

value of ! for external scurces such as the Tel-X-Umefer.

D40.6 Maximum permissible level, —— MPL,

For radiation protection relative only to X-rays and to

soft tissue

X=10-=¥H,

47

ICRF Fublication 13, 1968 recommends the following

maximum permissible levels per year for school expesures;

Gonads and red bone marnow 50 mnem

Sken, Lone and Thyroid G0 meem

Thynodid fon chifdien unden 16 | 150 mrem

leg and aam exiremitics 750 maem

Cthen single organs 130 mrem
Adherance to thess MPL figures will "prevent or minimise

somatic injueries and minimise the detericration of the

genetic constitution of the population®.

The duration of the entire programme DI 1o 039 is about
7% hours, including some 47 hours film exgosure time.
Presuming therefore that the studant will be working in
close proximity to the Tel~x-Ometer, even during film
exposurss and thus be exposed to o maximum exposurs rate
of 4.5 mR per haur, the tntal absorbed dese will not

excaod 38 maem.



TABULAR SUMMARY APPENDIX A

RECOMMENDER  ACCESSORIES

- & il B o
e | = o e z | L] & il
W DESCRIFTION Ldwl Z5w 12|28 laelBlslne
;& o SECIEERI (B |5 a2BlE|2lE|3
<z EXFERIMENT = = o vl 2|28 23| & o | T | FILMPAK
HR MIN | BR MiN [ 582|583 | 584{587 | 588 | 546|547 [806 | 507} 808 |a13 | 750/2] 750/4
DETECTION (2 Hours)
Y The Rontgen Cbservation - 5 - " X
D2 The Spark Gap - 10 - X X
D3 The lonisation Chamber R ¥ — ¥ ® | X
D4 The Eeiger—wﬁller Tube - A0 - X | x ¥ l
) FPhotographic Detecticn - 5 - X ?
& The FPhotographic Procecss -~ 5 - X " |
FROPERTIES {2 Hours)
D7 Fectilinear Fropogation - 10 - X |
LB Inverse Sguare Law - |5 - ¥ i
£9 Deflection Effects - | 5 - o8 Py X
& Penetration and Absorption - 45 - H X, b L > X i |
Ul The Phantom - A0} - M % T
§
ELECTROMAGHET IC RARDIATION AND THE QUANTUM THEORY (10 Hours)
02 Di ffraction of X-rays, Laue - 15 |1 , C % |
015 Wavelength by Diffraction Grating - - !
O 4 Wave tength measurement, Bragg | , 30 - X X | % X
[ B X-ray emission | , 15 - ¥ - % | %
BIE X-ray absorption P, O - b X i X | ox
O A-ray scatfering - 50 - X b X | %
Ota Moseleyle faw - 30 - X | ox b x | x
pl1a Fine Structure P, Q) 3, 0 *x | X |
CRYSTALLOGRAPHY {45 Hourg)
22 Atoemic Size . - 20 - X ™ % | X b
D23 Unit Cell, one dimension - =
[24 Co-ordinates - 30 - b
025 Unit Cell, Two dimensions - 40 - o ¥ Xx | x X
D26 Unit Cell, third dimension 2, oka, 0|l x 1 x x |
027 Fowder Analysis | 2, 0O [0, © X X i) 3
D26 Crystal Systems b, 30 HE, O b X {x]) 3
D29 | Material State 1, 0l6, ofl x| X 2 |
G330 Materia! Compositians I 016, O » it {x) I
FADICGRAPHY {4 Hours)
D31 Contrast - 30 ~ * X |
32 Definiticn - 45 - x X 4
D33 Sensitivity £ . 15 = * X Z
[:34 Rezsolution - 45 - X X 2
RADLATION LNTTS AND MEASUREMENTS (3 Hours)
D35 Exposure Dose Rate b, O - b ¥ X x | x
D36 The Egﬂ - -
b3 Guali?y Factor, OF - 50 ~ X X x | x % X | x
D3E The REM - 50 - X < | x X
G359 Build up facter - 20 - x ¥ 3 x | x
D40 5. 1. Units — _
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APPENDIX B TEL-X-OMETER ACCESSORIES

NOMEER KSCRIPTION se2 | ce3 | 84 | seer. tom
R62 . 007 Mattese Cross X
O Magnetic Fileld o -*“; __________
{HsG Fiain Elecirode (2] i
o2 Phantom X
0 I Film Cassefie, nc backstiop p
o1 4 Aluminium Wedge X
= Collimator, lem slot S
016 Coil imator, 3mm slot 2 | L
D17 Aluminiwr, O, tmm b
Cig Alurinium, C.Z25mm. X
0149 Aluminium, 3.50mm X
G20 Sluminiwm, | .Cmm X
O | Aluminium, Z.0mm o
028 Lead, O.5mm %
023 Shielding Plastic X
031 Film Cassette, with backstop X
033 Biank $1ide ®
563 .005 Crystal, LiF X
564,001 Rotary Radlator & Actuator X
002 Fiiter, Fe *
003 Filter, V P
004 Filter, N ¥
5 Filter, Ma X
06 Filter, Cu ¥
Q07 Filter, Cx »
Q05 Filter, Co X
CHG Filfer, Zn v
567.004 Glass Fibres ¥
QoS Fowdar, Mgo X
008 Spindle Clips {5) X
582.00! Col |l tmater, Imm slot b
Q02 Col i imatar, {mm tubular b
)3 Luminescent Screen X
004 Crystal, NaCé H
205 Auxi liary 51 ide Carriage X
3 Pin Hote ® +
o0 Mini-Crystal, LILF (2} X +
006 Powder, LiF X +
585,001 Crystal, KCL ¥
00z Crysial, RLOE x
003 Reciprocal lattice Calculator ¥
284,002 Buried FIémenTs X
002 Porosity X
(0 Cracks w
005 Faulty Weld *
GOG tead Mask *
585. 00| Powder, NaF 5 +
2 Mowder, S0 » +
005 Wire, Nb {3 x |5mm} X 4
Q04 Powder, N, CL X +
005 Wire, A2 (3 x I5mm) % +
GO Polyethylene Monofiiament (10} X +
Q07 Blank Superslide X +
DOE Powder, Af ¥ +
09 hocetate Comend s 1
SEE GO Powder Camera X +
003 Samp le Tube Wires {10} x «
546 G. M. Tube, MX168
BT G. M. Tube Holder
587 Motorized Drive bntt -+
ety fonization Chamber +
TR0/2 Fitlmpak, for radiographs {20}
750/4 Filmpak, for powder camera (1Z)

49
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