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X-ray goniometersand accessoires

For more thân twenty years, Phi l ips have
been world leaders in the design ând
manufacture of X-ray goniometers,
This equipment - with hs related
accessories - serves as the heart of
analyt ical equipment used for both X-ray
diff  râctometry ând X-rây spectrometry.

The Phil ips range includes both vert icâl ând
horizontal goniometers - each lype
unequâlled for precision and resolut ion.

Accessories for these goniometers include
the fol lowing:

- X-ray focussing monochromator
- Curved crystai focal izer
- Auto-focus specimen holder
- Vacuum attachment
- Texture âttachment
- Metal lurgicâl ki t
-  Stress attachment
- Eulerian cradle
- High-temperature âttâchment
- Automatic sample changer
These, âlong with a set of goniometer tools
for al ignment of both the vert ical and
horizontal models, consti tute the Phil ips
range of X-ray goniometers and accessories.
They are described on the tol lowing pâges.
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PW 1380 Horizontal Goniometer

The horizontal PW 1380 gon ometer is for
X-ray dif fract ion studies. l ts large weight-
carrying capaclty enables i t  to hand e
specimens and attachments up to 25 kg.
The specirnen table (theta drive) âccepts
Phil ips accessories, and is removab e for
lorge spec nens o,  spectal  acces"o- ier

Ihe two-thetâ axis carl  be decoupled
from the theta âxis for independent theta
scânnlng Both axes can be exiernal ly
connected with driving motors. The fu I
two-theta scanning rânge of thls gonlometer
is f rom -100'  to I  165' ,  in comparison
with -65' to I  165' for the PW 1O5O/25
vert ical gonlometer. The ful l  ang!iar range
may be set wi thout demount jng or
readjustment.

DESCRIPTION
Two concentr cal ly mounted shafts are
driven in a I r  2 rat io by independent worm
wheels and worrns through a gear box
(transmission). For d rect reading of the
ang es thela and two{heta, Lwo dials are
provided wh ch have a read ng accurac,
of : :r  0.002"

The thela/two-theta coupling can be
disconnected by a lever, for independent
theta scanning. In rnanual operai on, both
theta and tùro-thetâ can be set
independent ly.

The specimen shâft  w th spectmerl  c lamp
i t  into the theta dr v ing cab e Thecover
p âte of the theta driving table cân be
rernoved. to uncover a ho e 7 5 can n
d ameter.  Th s a lows easy handl ing of
odd-shaped spec mens anC the use of
bu ky improvlsed accessoTles

A set of  f te.changeable sp!r  gears is
supplied to âl ow a varieiy of scanning
speeds. X-ray protect ion dur ing al ign.nent
is provrded w th the PW 1077 âl  gnJnerr t
too set. Al ignanent t lrne is less than
30 minutes

X-BAY OPTICAL ARBANGEI\4ENT
The same as for the verttcal gonjorneter
PW 1050 (see pâge 5) wl th a s l rght
rnod f icat ion of the s i t  system by using
broadened sl i ts (broader in the direct ion
of the Ine foc!s)  a arger str ip of  the
specimen is irrad ated. This results in
higher intensit ies which are, however,
. .  o-0.  .d b/  so1êvlh. t  e.ç.e,ol-ro,r

TECHNICAL DATA

Precision of angular sett ing (2 o and c) )
1 0 0025"

Reading accuracy of angular sett ing

- 
0 002'

Scanning
Un dlrect ional or osci atory beiween
-65' ro :  165' (2 o )r o 360'

n A wide-range high- and low"angle
Instrument
n High precision achieved by special
worm drive system
I Unique, high-resolut ion optical
arrângement provides extremely accurate
measurement of dif fract ion ângles and l ine
intensit ies

! Câpâcity for heavy specimens up to
25 kg

n Large centrâl hole al lows use of
odd-shaped specimens ând bulky

n New design sl i t  system provided large
gains in intensity

I Two-theta axis can be decoupled from
theta axis for independent theta scanning
! Al ignment t ime less than 30 minutes

Goniometer râdius, i .e. also distance
between focât spot tube and spec;men
170 mm

Motor
Speciâl  synchronous fract ional  horse po,rer
rype

Al ignment
Eâsi ly performed w th the aid of f ixlures
gauges and a standard si icon sarnp e
wh ch are pad of the equipment; wrth new
set ot  a l ignment too s PW 1077 the
âl ignment procedure is more accLtrate,
s imp er and shortenèd considerably.

, : -a-- .

Scanning speeds
1 lB'  ,  1 14'  ,  1 i2 '  1 '  .  2 (2o) permtnuteby
's i  g Êà-ge o."Jq PW 059 00. - /01

/02 which are incl !ded tn the PW 1380

Scanning stops
Quickly adjusiable l tmit swiiches for
l imi t ing scanning range to requtred valLre;
a so prevent overtravel at extreme of scale

Step scannang
Mechanlcal  step scan ning device
PW 1063/00 can be mounted so that
goniometer advances at  0.01 ' ,0.02'  or
0.05 per stept enables of f ixed count
ne profi le measurernent



PW 1050/25 VerticalGoniometer

n A wide-range high- and low-angle
instrument

I High precision achieved by special
worm drive system
fl Unique, high-resolut ion optical
arrangement provides extremely accurate
measurement of dif fract ion angles and l ine
intensit ies

The vert ical PW 1050/25 wide range
gon ometer is especial ly suited to standard
powder dif fractometry, in which the
specimen and radjat ion detector are rotated
and posit ioned in a f ixed 1 i  2 rat io.

DESCRIPTION
Two concentr ical ly-rnounted shafts are
driven in a 1 : 2 rat io by a precision worm
wheel and worm drive. The râdiai ion detector
probe is attached radia Iy to the worm
wheel.

Wlth each revolut on of the worm drive, the
detector moves 1'.  A dial is f ixed to the
worm dr;vê [or  drrecr readi_gs of  t l 'e angle
two-theta. The reading accuracy of ângular
sèti ing is a 0.002'.

The specimen ls placed in â ho der carr  ed
by a hol ow shaft poslt loned within the
hollow bearing of the worm wheel and
coupled io the wheel by a set of accurate
herringbone gears. These gears rotate the
specimen or crystal at exactly one ha f the
ang- la 'speed of  t 'e s.anrr_g â n (è ' ry ng
the dêle( tor  probe A se_ of  r ' te-  '  a 'geable
spur gears supp led wilh the goniometer
a ows a variety ot scann ng speeds.

ALignmeni t ime, using the Phi l ips a ignment
tool set, s less than 30 minutes. FLr I
X-ray protection is prov ded dur ng
al ignment

Diffract ion set
When Lrsed for X-ray powder dif fraciometry,
the goniometer PW I050 must be
cornp eied with the PW 1049/10 d ffract ion
set.  This set  includes al l  accessor ies which
are required for dorng powder d ffractometry
w th the PW 1050.
For the PW l3B0 the dif fract ion set is
included in the typenurnber PW 1380.

Badiat ion protection
The radlai ion protection shield is an
important part of the dif fract ion set. l t
completely shjelds off the X ray path durlng
operation of the d ffrâctometer; shuts off
X-ray bearn when cover shield is removed.
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X-RAY OPTICAL AFRANGEi,/lENT
The X'ray optical sefup has been designed
for use with one of the l i fe foci of a
modern X ray dif fract lon tube.
The angular aperture of the beam in the
p ane of Bragg focussing (sometimes cal led
Brentano parafocussing) is indicated by the
divergent l ines. l t  is defined by a single
divergence sl i t  (D) which also l imits the
primary beam to the specimen area.
Apertures of various sizes are avai lable from
2 minutes, for lârge d-spacing measurement,
to 4 deg.ees for the back rer.ectron region
where the area of sample irradiated by the
incident bearn is smal l .  A 1" aperture is
normaly used for general work in the front
ref lect ion region. The intenslty increases
wiih lncreasjng angular aperture and the
resolut ion is practical ly ufaffecied. The
instrurrent is designed fo|- f lat specinrens
(S), 15 x 20 mm. Smaller specimens may
be used by reducing the size of the
divergence sl i t .

The receiving sl i t  (B), in front of the
Beceiv;ng Paral lel Sl i t  Assembly (RP),
def nes the widih of the converging
reflected beam from the sample to the
detector- The.esolut ion decreases s ighi ly
and peak intensity increases markedly
when ihis sl i t  width is increased. Various
s zes are âvai lable.

Equally spaced thin rnetal foi ls (Paral lel
Sl i t  Assembly) l imit the divergence of the
beam in the plane perpendicular to Bragg
focussing to an angular aperture of
2 degrees 12 minuies

Two sets are usedr one between the X-ray
source and specinren (P) and the other (RP)
between the specrmen and detector (SS).
These sl i ts rnake t poss ble to obtain high
resolut  on and excel lent  l ine shape for ihe
extended lrne sou rce

A scatter shield cyl inder surrounds the
specimen and a scatter sl i t  (H) is placed
between the receiving parâl lel sl i t  assembly
âno detector, to assure the detector
rece ving only those rays dif fracted frorf
the specimen surface.

Step scanning
Step scanning with both goniometers
becomes possible wi th:

- Step scanning device PW 1063/00,
consist ing of  a mechanical  unt t  wi th gear
wheels for stepwise anguiar
advancement of the goniometêr with
0.01',  0.02" and 0.05' (2 o) per sterr

- Step scan control unit  PW 1364/00,
wh ch provides the necessary start/stop
signaLs for the stepwise advancement
of the goniomeiers PW 1050 and
PW 1380.

When the above two un ts are extended with
the numerator PW 4233, printer control
PW 4255 and the high speed d gital printer
PW 4202, the numerator produces a two
d gi t  sequence number by which analogue
or dig ta l  meâsur ing resu ts of  the indjv iduâl
steps can be identi f ied

Flg. 1 X ray optical arrângenrent of both
horizontal and vert ical goniometers

TECHNICAL FEATUSES

Precis ion of  angular sert ,ng (2 O and O.
r  0.0025'
Beading accuracy of  angular set t ing
t  0.002'

Scanning
Unidirect iona or osci l latory beiween
-38' to + 17s'(2o)

Scanning speeds
1 18" ,  1 14" ,  1 12" ,  1" ,  2 '  (2 @) per minute
by Lrsing change gears PW 1059/00, - /01,
- /02 which are included in the
PW 1050/25

Scanning stops
Quickly adlustable l imi t  swltches for lmit ing
scanning range to requ red value; âlso
prevent overtravel at extreme of sca e

Step scanning
Mechanica step scanning device
PW 1063/00 can be mounted so ihât
gon onere aovances at  0 0l '  0 02'  o-
0 05- per stepi  enables ihe measuremenr
ot f ixed count l lne profi le

Goniometer râdius, i .e. also distance
bêtween focal spot tube and specimen
170 mm

Motor
Special synchronous fract lonal horse-power
iype

Alignment
Easi ly performed with the ajd of f ixtures
gauges and a standard si l icon samp e lvh ch
are part of the equlpment; with new set oi
al ignment tools PW 1077 the al ignment
procedure is more accurate, sirnpler and
shortened considerably.



PW 1075 Gurved Crystal Focal izer

n For use with vertical or horizontal
goniometer

I For transmission diffractometry in a
number of appl icat ions

Typical appl icat ions of this accessory are
studies of texture, measorement of large
d-spacings, measurement of angular errors
due to deviat ions of specimen surface, l ine
profi le studies, and investigations of l imited
quanti t ies of rnaterial.

The accessory pêrmits comparison of a
transmission pattern with a ref lect ion
pattern from a standard dif fractometer.
Effects of f luorescent radiat ion are
el iminated.

The curved crystal focal izer consists of a
f lat plate of quanz (101 1) elast ical ly bent by
two adjustment knobs on the crystal holder.
The surface approximates a section of a
ogarithmic spiral.

The holder is mounied on the detector arm
of the standard dif fractometer, with the
counter tube rnoved further oui.  Counter
tube and specimen rotate in a 2 : 1 rât io as
i1 the standard iastrunent cocuss.rg is
adjusted by changing the curvâture of the
crystal.  (Ceo.rerry ;s i l iustratêd In ' .gure 4.).

Figure 4.
Sp - transmtssion specimen
M - curved crystal focal izer
F - virtuâl image of the source

a - anguiar aperture of the primar)
beam

CT - counter-tube
MFC - monochromator focussing circl€
SS 1 and SS 2 - sol ler sl i ts
DS - divergence sl i tg
RS - receiving sl i t
FC - focussing circle
GC - goniometer circle
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For transmission dif fractometry, the
accessory offers a number of geometrical
advantages. lntensity loss caused by the
monochromator is part ial ly compensated by
larger apertures. lv1uch smaller volumes are
requ;red for transmission specjmens
compared with the standard dif fractometer
set-up. For rêf lect ion patterns i t  is not
necessary to remove the specimen holder.
The specimen can bê t i l ted over 90", the
crystal removed, and a normal arrangemênt
for ref lect idn work obtained, without extra
specrmen preparation and mounting.

OPERATING CONDITIONS
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Tube
Fil ter
Detector
Sca le
Divergence sl i t
Scatter sl i t
Beceiving sl i t
Scanning speed
Paper speed
Time constant

Transmission
Cu50kV-40mA
None
Proport ional + Discriminator
4 x 10, cps
2a
None
0.3 mm
1/2o 2o lmin
400 mm/h
4s

Retlection
Cu50kV-40mA
Ni
Proportaonal + Discriminator
4 x 103 cps

Y2' 2o lûin
400 mm/h
4s



Metal lurgicalKi t  wi th
Stress Attachment

These t , r . r  at tachments,  n combinât ion
provide the nreta urgrst  wi th a s i rnple
pTec se meàns of  making X, iây di f f ract ton
studies on bu ky speclmens.

This k i t  nc udes â base p âie To a ow ihe
gonrometer to be moved back from the
center l ine ot  ihe X ray beam aboui  4.75 cm
treyord ls norma posi t ion,  to accornrnodate
bu ky specj . iens A lu ly adjust : rb e
extens on I :xture a c, , , rs ihe s i t  assembly
to be .noved forward A stândârd powder

i .  en L ol  ong ( lJfr  ts
prov ded â orq v, ,  th a large specimen
ho der A specia f ix iure is ûsed to br ing
the specimen sLrr face exact ly tnto the
goniorn€ier ax s l t  consists of  a cenler ing
p n thât  f i ts  into the sp€cimen hoiCer shaf i .

-J ô rôc r
and slrde which connects the rece v nq
sl i t  detector assemb y to the gon o.reter
âr l .n.  This rep aces ihe block used for:h s
purpose in the srandard Meta iLrrg.a Kt t
is  ad. lustab e so that the rece v ng s i t  moves
exact y alono a radlLJs of  lhe gon ometer
Th s uni t  a o ' ,vs the precise determ nêt ion
of ihe pos r  on of  ihe d f f rect  on i ine ai
two psi  âng es.  and thus rnay be Lrsed to
proviCe precrse determlnat ons of  res dua

PW 1156

À s!  n.  uded s ên at tachrnent which
ê o, ' . , :  i 'e  specimen holder shaft  to be
.ct . te.  . . r  c y to the desjred psi  angle.  and
.nc:he'  . : i : .h. ieni  which provides for
cê bra: . -  . i  :Ci l  i  onal  stresses app ed to
t i re s!ea i ren , ; , i r  e on the gon ometer
Mouartear on the - .pea rnen iab e i t  s Ltsed
to app y kroÈr st .€sses to a ; lat  spec men
and thus determ n-o t ie st fess constant or
the | l later al .

I  For use with hor izoniâl  or  vert ical
gonrometer

!  Increases usefulness of  standard
di f f  ractometer to the metal lurgist

I  Accepts speciments as large as 1O cm
(4 inches) in âny dimension

n Al lows precise measurement of
residuâl  stress

!  Includes cal ibratecj  bending device for
meâsur ing addi t jonal  s i ress and absolute

!  Makes possible measurement of  local
stress through use of  a pin hole col l imâtor

i.. PW 1162
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