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Preface

The Board of Editors of (Al-Mustansiriyah Journal of Science ) has the
pleasure to introduce the first issue of this Journal to the scientific community
in Iraq and the Arab World. It is hoped that this journal would be a positive
contribution of Al-Mustansiriyah University to the development and progress
of basic science in this part of the world.

The Journal accepts for publication original papers dealing with allfields
of Science. All papers are refreed by national or international experts. Submitted
. papers are expected to be original, conciese and of high standard. The submiss-
ion of a paper implies that it has not been submitted for publication elsewhere.
The Journal also accepts for publication ( Notes ) and ( Letters to the Editor ).

The Board of Editors looks forward to the support of all scientists in Iraq
and the Arab World in order to help in fulfilling its goals which are aimed to serve

the progress of the nation.
The Board of Editors



POLAROGRAPHIC DETERMINATION OF MOLYBDENUM

Ahmed Khalil Ghonaim

Al-Mustansiriyah University, Faculty of Science,
Baghdad - Iraq

Received, 10 April, 1976

ABSTRACT
The polarographic behavior of Mo (VI) in solutions of CDTA* has been
investigated. The effect of the pH of solution on both diffusion current and
half-wave potential is studied. The half-wave potential is found independent
on the CDTA concentration. The diffusion current is a linear function of the
Mo (VI) concentration. A recommended method for the polarographic
determination of Mo is proposed.

INTRODUCTION
The polarography of Mo (VI) and Mo (V) was always of interest. Ghonaim
and Susic ), reviewed the polarography of Mo in solutions of complexing and
non-complexing agents till 1969. They also showed that Mo (VI) in the presence
of DTPA is reduced at the M.D.E. giving rise to a well developed wave in the pH
range 5.5-8. The half wave potential of the obtained wave is PH dependent and

unaffected by the DTPA concentration. The linearity of the diffusion current
with the Mo (VI) concentration was obtained up to 1.2 mM. They also succeeded
to determine V in the presence of 10 folds of Mo (VI) in alkaline medium.

" Lassner®, outlined an excellent review about Mo (VI) in the presence and
absence of hydroxylamine, and Mo (V) with EDTA and other complexing agents
and their applications in analytical chemistry. '

Maximova and Staskova)® studied the behavior of Mo in solutions of
acetic,_citric, oxalic. nitrilnacetic. phosphoric acids and in EDTA. The best.
defined waves are obtained in citric acid in the PH range (1.5-3.5), where the
height of the waves remains constant. V and W have no interference effect.

* Cyclohexane diamine tetra acetic acid.

Al-Mustansiriyah Journal of Science, Vol. 1 (1976). .
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El-Inany and Veselinovic™®, utilized conc. H,SO, in the presence and absenceof
quinol and they showed that the height of the waves is proportional to the Mo
concentration in the range from 1 mM to 14 mM. According to Zelinka et.al.®,
Mo (VI) in aqueous solutions of catechol , 3,4, dihydroxy benzene sulphonic
acid, or tiron in the pH range 2-8 of chloroacetate, formate, acetate, pyridine
or phosphate buffer yields two waves. 0.05 to 2 mM of Mo can be determined
in 0.1 M catechol medium at pH 3.7 formate buffer by measuring the height
of the first wave. The other two chelating agents are not satisfactory. The
present work was carried out in order to recommend a method for the polaro-
graphic determination of Mo and to eliminate the interference of V and some

other metals.
EXPERIMENTAL

Apparatus:

Lp 60a type polérograph _(Czechoslovgkia) was used for recording the
polarograms. The polarographic cells used were those adopted specially for
apparatus. An external saturated calomel electrode (S.C.E.) served as reference
electrode. All experiments were performed at 25°C. The pH of the solutions was
measured with a Beckman pH meter. ‘

The capillary constans are : m = 3.2 gr/second, t = 4.5 sec./drop, while

the mercury height is 20 cm.

Reagents:
Cyclohexane diamine tetra acetic acid (CDTA) was obtained from Fluka
A.G. (Swiss). The stock solutions were prepared by dissolving the appropriate

weights of sodium hydroxide just neccessary to dissolve in distilled water and
diluted to 1 liter and molarity was checked by the recommended
.. diluted to 1 liter and the molarity was checked by the recommended methods.

All other chemicals used were reagent grade and used without further
purification. '

RESULTS AND DISCUSSION
Results:

Our experimental results indicates that Mo (VI) in the presence of CDTA

gives one well-developed irreversible reduction wave due to an electron-transfer
step involving one electron.



The reversibility of the electrode reactions wastested for each polarogram
by determining the slopes of the curves of log I« — /1 vs the potential and checked

by applying Tomes equation as rearranged by Meites®. The height of the wave
is proportional to the square root of the mercury column which means that the
reduction wave is diffusion controlled rather than rate controlled.

The effect of the pH of solution on the diffusion current and the half-wave
otential of the obtained reduction waves was studied by recording the polaro-

ﬁg}ams of 1 mM Mo (VI) and 15 mM CDTA using acetate buffer as supporting

electrolyte. The pH was adjusted by the addition of NaOH or HCI.

At pH values less than 5, the diffusion current was found to be independent
of the pH of solution. However, as the pH is increased, the diffusion current is
decreased until it is completely diminished at pH higher than 7. This may be
attributed to the fact that, as the pH is increased the number of the unreducible
species are increased till pH about 7, where the Mo (VI)-(CDTA) complexes
become totally inactive polarographically.. :

The half-wave potentials of theobtained reduction waves are also pH
dependent, indicating the consumption of H2 ions in the electrode reaction.
From the slope of the line obtained by plotting E1,2 vs pH, it is computed that
one H™ is participatingin the electrode reaction per Mo (VI) ion, since the
slope is 0.085 V/pH unit and the average value of o n is 0.62 and applying the
equation'”:
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Fig. 1: Effect of pH on the wave height of Mo (VI) in the presence of CDTA.
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where p is the number of hydrogen ions consumed in the electrode reaction.
The effect of pH on both diffusion current and the E;,> is shown in Fig. 1 and
Fig. 2.

The CDTA concentration has no effect on the half wave potential which
means that the number of CDTA ligands attached to both Mo (VI) and Mo (V)
are the same.

Because the diffusion currents are idependent on the pH of the solution till
pH about 5, (Mo) should be determined within this range. The wave height is
proportional to the concentration of Mo (VI) and hence CDTA in acetate
buffered medium at pH 5 should be a suitable medium for the determination
of Mo (VI).

It was noticed ‘that the polarographic waves exihibits a small maximum
as the concentration of Mo (VI) is increased. This may be due to the assumption
- that Mo (VI) in CDTA solutions is absorbed before the reduction occurs
(a matter which is encountered by as working in DTPA solutions reference 1).
Therefore, the tops of the maxima were used for the determination of the
wave heights,

The results obtained (Fig. 3) are satisfactory and the diffusion current is
proportional to Mo (VI) concentration from 0.2 mM up to 1.3 mM.
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Fig.3: Effect of Mo(VI) concentration on the diffusion.current.

Interfering Elements:
Our experiments show that Te, Cr, Co, W, Ta, Nb, Zr and V are inactive

polarographically all over the investigated pH range in the CDTA medium
up to 10 fold excess. Al and Fe if present as in the case of ferro-molybdenum
alloys can be separated by means of precipitation as hydroxides and filtration
before the determination of molybdenum by the followmg recommended

procedure:

Recommended procedure:
10 ml of the sample solution is transfered to the polarographic cell. Add 5

ml of 1 M acetate buffer of pH 4-5,and 10 ml of 0.05 M CDTA solution. Remove
the dissolved air with oxygen-free nitrogen and record the polarogram from
-0.2to-1.0vvs S.C.E. Determine the concentration of Mo (VI) from a calibration

curve.

Disussion:
The recommended proceduros l'or the polarographic "determination of

molybdenum as indicated in the literature (8,9,10) are not sufficient. Our
previous investigation® offers only a method for the determination of (Mo)
alone in acidic DTPA solutions and for (V) in the presence of 10 fold excess



alkaline DTPA medium. The polarographic waves of both (Mo)
he acidic DTPA medium. Though the necessity for deter-
mining (Mo) in the presence of (V) in acidic medium is desired because (Mo)
can not be determined polarographically in alkaline DTPA medium . Thus the
interference of (V) is eliminated as it is polarographically inactive in CDTA
" base electrolyte. Therefore, it is possible to determine (Mo) in ferro-Mo and in
(W), (Nb), (Ta), (Zr), base alloys and in vanadium concentrates . The present
method is easy and accurate and serves fundamentally and specially in routine
analysis. The percentage error is within the allowed range from the analytical

point of view.
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PETROGRAPHY AND ORIENTATION STUDY OF PEBBLES IN
TOBRA FORMATION, PUNJAB SALT RANGE, PAKISTAN

Samir A. Hussein and Issa M. Makhlouf

Geology Dept. Al-Mustansiriyah University.
Baghdad-Iraq

Received, 15 March 1976

-ABSTRACT °

The Tobra formation exposed in Punjab Salt Range was studied from
stratigraphic and petrographic points of view. The boulder bed met at the base

of this formation is composed of boulders, cobbles and pebbles of granite,
quartzite, rhyolite, quartz, breccia,. porphyries, jaspar, dolomite and conglom-
erate. Pebbles are studied as to their petrography, surface feature, size, shape,

sphericity, roundness and orientation. Remarks to environment of deposition

and source area are also given.

INTRODUCTION
Deposits of glacial origin are found over widely separated parts of India
and Pakistan. They have been traced in Khashmir, Hazara (Tannaki Boulder
Bed), Simla, Sikkim, Bhutan (Blani Boulder Bed), Salt Range (Tobra formation),
Garhwai (Mandhali Beds) and in Rajputana, Bihar and Orisa (Talchir Boulder

Bed).
The presence of boulder beds over large area of the subcontinent with

pebbles and boulders often showing facets and striae of glacial origin along
with a variety of other glacial and glaciofluvial deposits as positive indication
of extensive glacial activity in this region during the Permo-Carboniferous

time.

It is believed that the belt of the glacial deposits marks the northern limits of
Gondwanaland of that time and necessarycorollary to that most of the boulder
beds of India-Pakistan were laid down by glaciers into the sea, !,

The Tobra formation which was earlier known as Talchir Boulder Bed®
is known to the geologists of this region as consisting of the boulder bed of
glacial origin, which resemble those found in Talchir area in India. The first
published report on Tobra formation is by Stratigraphic Committee of Pakistan,

Al-Mustansiriyah Journal of Sc1ence Vol. 1 (1976).
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(G.S.P)P, This report provided many intersting details about lithology, age
fossils and facies change within Tobra Formation. Wadia™ considered that the
passible source area of the glacier deposits of Pakistan may have been radiated

from the Aravalli outliers (South Punjab) which was quite high at that time.
The present work is an attempt to study the boulders of glacial origin expos-
ed in Punjab Salt Range (Tobra Formation) and to deduce their nature and

origin. The main work is done on stratigraphy, petrography, direction of

transport and ultimately the location of the source area from where the glaciers
may have moved.

LOCATION _
The Punjab Salt Range lies in the western part of the Punjab, Pak}stan,
between longitudes 73° 35'-71° 30'N and latitudes 32° 24'-32° 56’ E., (Fig. 1),
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FIG. 1. LOCATION MAP.

eight sections have been studied*, where Tobra Formation is well exposed

these areas: Khewra Gorge, Tobra-Khewra, Tobra, Dondot, SE Pidh, Pidh,
Nilawahan Ravine and Warcha Gorge.

*

The sections were studied and sampled by the second author during_his post-graduate fellowship
(1974). The analyses and interpretations

were carried out by the two authors Mustansiriyah
University (1975-1976). '
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STRATIGRAPHY

The term Tobra Formation was assigned by G.S.P.® to over whelmingly
petromict boulder bed, formerly called the Talchir Boulder bed. Formerly
the age of the Tobra Formation was considered to be late Carboniferous on
the basis of spores, leaf impressions and other remains of lower Gondwana
Plants'”). However, recent studies based on spores and pollens indicate that
the age of the Tobra Formation is early Permian®®. The boulder beds of similar
age and nature are present in widely separated parts of Indo-Pakistan sub-
continent. On Global scale the deposits of Permo-Carboniferous age and
of glacial origin, are present in Australia (RisdunFormation), South Africa
(Dywk series), East Africa (Lutoe series), South America (Tubarao series) and
_in many other areas lying in the southern hemisphere. _
The following is a brief description of the different rock units of Tobra

Formation, (from base to top).

1. Boulder Bed: It forms the basal part of Tobra Formation and maintains
a thickness ranging between 10 to 15 feet. It consists of an unsorted assemblage
of pebbles, cobbles and boulders ranging in size from few inches to a maximum
of 4 feet across. The pebbles are composed of a variety of granitic rocks, quar-
tizite, rhyolite, volcanic porphyries, quartz and small percentage of some dark
coloured rocks embedded in fine clayey matrix. It can be called a petromiet

boulder bed. There are some lenses and bands of clay intercalated within the
boulder bed, which show pinch and swell structures.

2. Yellowish-Green Sandstone: It is very coarse grained sandstone, yellowish-
green to yellowish-brown in colour and has a thickness ranging between 10 to
"70 feet. Thick bands of gritty and pebbly material are interbedded at various
stratigraphic levels. This sandstone bed is missing from the sections between

Tobra-Khewra Gorge, Tobra and Warcha Gorge.

3. Carbonaceous Shale: It is a black coloured shale with nodular appearance,
with a thickness ranging between 15 to 20 feet. Medium to large pebbles are
embedded in the shale towards the top. The unit becomes more arenaceous
towards the top in Khewra Gorge and near Pidh. ' '
4. Coarse Grained Sandstone: It is exposed only in Khewra Gorge and near
Pidh. It is yellowish-green, coarse grained sandstone, with a thickness varying
between 40 to 60 feet. At many levels, angular fragments, pebbly bands and
patches of boulder clay or the channel sand of finer material are interbedded.
5. Medium Grained Sandstone: It is a cream coloured, medium grained sands-
tone and finer in texture as compared with the underlying sandstonebed. It’s
thickness ranges between 20 to 70 feet. Intercalations of clayey and carbonaceous
material are present.

6. Rusty-Brown Sandstone: It forms the upper most part of Tobra Formation. .
It’s thickness ranges between 10 to 40 feet. This sandstone is very coarse grained
and can be easily distinguished from the other units due to striking difference
in colour and texture. Bed of grit and pebbles are frequent.

13



Fig. (2) shows the succession of Tobra Formation as exposed in the different
studied sections.
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FIG. 2. LITHOLOGICAL COLUMNS OF THE TOBRA FORMATION AS EXPOSED IN DIFFERENT
LOCALIT/ES .

PETROGRAPHY OF THE BOULDERS

The Tobra Formation inciuded boulders, cobbles and pebbles of igneous,
sedimentary and metamorphic rocks, e.g. granite, quartzite, rhyolite, prophyries,
breccia, quartz, jaspar, dolomite, schist and conglomerate. Fig. (3) shows the
percentage of different rock types which are counted in these pebbles.
Granites: Various coloured granite-boulders are included in the Tobra Forma-
tion, colour varies from pink, light pink, dirty white, light grey to almost dark
grey in some cases. Most of the studied samples are fairly fresh, although
completely weathered samples are observed. Texturally all the granites are

coarse grained, hypidomorphic and inequigranular. Mineralogically, the
granite pebbles are composed of feldspars (up to 55°/), quartz (10-25°/),
biotite (12°/,), muscovite (3-5°/) and chlorite. The feldspar grains are consider-
ably altered, but fresh crystals of alkali feldspars and plagioclase are not uncom-
mon. Quartz is present as discrete grains as well as an intersticial material.
Some grains are fractured and free of any kind of inclusions. Biotite is fairly
found as fresh grains, but has been usually altered to chlorite. The alteration
has been started along the cleavage planes in biotite flakes, as can be seen
in some crystals with alternate bands of green and brown colour. Muscovite
is present as an accessory mineral , in the form of thin tabular crystals. Chlorite

is found as alteration product of biotite. It is present mostly in the form of

14



a) Khewra gorge section - b} Tobra section
(920 Pebbles) (690 Pebbles)

c) Daondot section d) Average composilion
{420 Pebbles) of Tobra Formation

INDEX

B Quorizite Exx]Gronite Quartz Josper
Rhyolite =] scnist Dolomite

Fig.(3 ) Pie diograms showing the averoge composition of
Tobra pebbles in different localities .

irregualr elongated grains. However, some aggregate of spindle shaped of
chlorite crystals are recognized (Fig. 4).
Volcanic porphyries; Fresh boulders of volcanic porphyries are present in light
grey and dark brown colour. The colour is slightly darker on the fresh surface.
Phenocrysts of quarkz and feldspars have been observed (Fig. 5) Greasy
appearance on the weathered surface is a prominent feature. The microscopic
study shows that chlorite, biotite and feldspars are the abundant constituent
minerals alongwith iron and volcanic glass. Chlorite is present in the form
of small anhedral crystals in the groundmass, or it is found as alteration product
of biotite. Feldspar is present in the form of anhedral to subhedral crystals.
Most of the feldspar crystals are altered, while few are comparatively fresh
and show twinning. Biotite is present as elongated tabular flakes of dark brown
colour. Margins of these flakes show alteration of chlorite at places. Quartz
is present as euhedral crystals, some of the grains are fractured and filled with
iron oxides (Fig . 6).
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Rhyolite: Dark grey boulders of rhyolite are recognized in Tobra Formation.
These boulders are very fine grained texture and consist of quartz (127/2),
potash feldspars, few crystals of plagioclase (andesine), with glassy and felsitic

groundmass.

Fig. (4) Photomicrograf)h of granite showing aggregation
of chlorite. Plane polarized light, X 50.

16



Fig. (5)Photomicrograph of porphyry showing an euhedral
crystal of quartz which is surrounded by very
fine grained material. Plane polarized light X 50

Volcanic breccias; These are brown coloured boulders and composed of
angular rock fragments, main constituent of which is quartz. These angular
fragments are embedded in volcanic glass and iron oxide matrix.

Quartzite: It is found as brown, dark grey and cream coloured pebbles. Minera-
logically quartzite is composed of quartz, iron oxides, biotite, chlorite, muscovi-

te, feldspars and opaque minerals. Quartz ranges between60-87°/o in frequency,
and occurs as subangular to subrounded grains. Fractured quartz grains are
not uncommon and the fractures are filled with iron oxides. Iron oxides are
intersticial minerals and appear as rustybrown opaque minerals. Biotite is a
common mineral of these quartzites which shows alteration to chlorite. Feld-
spar is present in the form of anhedral crystals. Most of the crystals of feldspar
are altered.

17



Fig. (6) Photomicrograph of porphyry showing rounded
fractured grain of quartz surrounded by very
fine grained materials. The fractures are
filled with iron oxides. Plane polarized light, X 50.
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Conglomerate: Conglomerate is found as greenish grey and badly weathered
souboulders. They are composed of well rounded pebbles of rocks which are
mainly composed of quartz and feldspars. The pebbles are embedded in an

argillaceous matrix, (Fig. 7).

Fig. (7)Photomicrograph of conglomerate showing pebbles
which are surrounded by iron oxides and argillaceous
terials. Plane polarized light, X 50.

L

Dolomite: Light grey boulders of dolomite which are fairly fresh, are present in
Tobra Formation. These boulders are very fine grained texture.

THE PEBBLE STUDY
The study of the general features of the pebbles and their orientation in
Tobra Formation, is carried out to determine the nature of deposition. Attempt
has been made to determine whether this formation is entirely of glacial origin
or it is partly glacial and partly fluvial, lacustrine or marine.

19



[. Surface Features; Features like striations, scratches and faceting are

characteristic of glacial marine are uncommon in this area, Only very
few pebbles and boulders show glacial facet and striations which again are so
insignificantly present that it is hard to say whether thesc features are realy of
glacial origin. _

There are no edges or corners on the surface of pebbles and they show an
extreme degree of smoothness. Most of the pebbles have developed polished
surfaces. This feature may be attributed to the later action of streams which
have beenflowed there in the past. It was, however, interesting to note that
steep excarpments which expose freshly weathered surfaces and the road cut
sections also'show the same characters of the pebbles and boulders. It is thus
very evident that uniformly smooth and polished surfaces may have been
developed by the original transporting agencies.

2.Size:

The fragments present in the Tobra Formation are of different grades.
There are boulders, cobbles.and pebbles of all sizes. The largest boulder
measured in Khewra Gorge was 4 feet, 2 inches long (the maximum length).
- The least size of pebble is even less than 1/4 of an inch.

The big boulders are more commonly present in the lower most part of
the boulder bed. Though some of the sections do not show any grading in
the size of boulders from base to top, it is generally observed that their size
decreases upwards. The decrease in size upward is, however, not systematic
and often layers of large sized boulder at the upper levels interrupt the grading.
Besides, the boulder sized fragments are present in the carbonaceous shale,
especially in the upper part.

3. Shape:The most dominant shape of the pebbles and boulders is ellipsoidal.
The great number of the pebbles are prolate. The large boulders are Commonly
spherical in shape, especially in the lower part of the boulder bed. Rod-shaped
pebbles are present in the pebble beds in sandstone at different levels. Discoidal

shaped are rare.

4. Sphericity and Roundness: According to visual estimate, it has been infered
that majority of pebbles and boulders are well rounded and their sphericity

is between 0.7 and 0.8.

5. Pebble Orientation: The pebble orientation study is of great assistance
in determining the direction of paleocurrent and nature of deposition. The
random orientation of the.pebbles would indicate entirely glacial origin,
while preferred orientation of long axes of pebbles, having a definite inclination

direction would point towards fluvial or glacio-fluvial origin, . The orientation

of the long axes of the ellipsoidal and rod-shaped pebbles almost normal
to the bedding would indicate the direct deposition from the glacial mass.
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The pebble orientation study was carried out in three different sections
(Dandot, Khewra Gorge and-Tobra) and more than 900 readings are obtained,
from the boulder bed of Tobra Formation. The other pebble horizons have
sencrally small sized pebbles,in which the possibility of error could be greater.
"~ The following readings were taken; the dip and strike of the bed, and the
direction and inclination of the long axis of the pebbles. These readings were
later plotted on Wulf's Sterconet and necessary correction were made in
order to determine the pre-deformational attitudes of the pebbles . The
data obtained are represented in the form of circular diagram 7+®), Using 10°
class interval for each locality (Fig. 8), and for Tobra Formation as a whole

Dandot Section: r Khewra Gorge Section
Number of readings 300 Number of readings 106
£ from 15 localities from 7 localities
N

Tobra Village Section :
Number of readings 500
from 9 localities Scole; 1Pebble= 2mm

FIG. 8. ROSE DIAGRAMS SHOWING THE ORIENTATION OF PEBBLES IN
THE TOBRA FORMATION (EASTREN PART).
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FIG. 9. ROSE DIAGRAM SHOWING THE ORIENTATION OF PEBBLES
IN THE TOBRA FORMATION AS A WHOLE (EASTERN PART).

directions of the long axis, the average amount of inclination in each section

and finally in the studied area.
From Fig. 9, it was concluded that the average inclination of the long axis

of pebbles towards SE. There is , however, no constant trend of the orienta-
tion of the pebbles long axis.

ENVIRONMENT OF DEPOSITION AND SOURCE AREA

The study of the pebbles shows that few pebbles and boulders show glacial
facet, striations and scratches. Most of the grains are smooth and with no

edges or corners. This feature is attributed to the later action of streams.
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The overlying sandstone beds have occasional pebbly and gritty beds with
distinct cross-bedding. Carved sediments are also observed. All these features
are indication of changing conditions of deposition from glacial to glacio-
fluvial (at places glacio-lacustrine) and finally to shallow marine. While the
lateral facies change is very much there, they are not as systematic as described
by Teichert (In G.S.P.) . True tillitic facies are not observed at all during
the course of the present work. In fact lateral variations are of local nature
and depend on the position of land and sea. The glacier may have moved
in valleys and on gently sloping surfaces towards the sea.

The petrographic study of Aravalli outliers (southern parts of Punjab)
shows that they consist of sandstone, siltstone, breccias, volcanic tuffs, quartzite
and pebbly carbonaceous rock. There is no match in lithology between Tobra
Formation in Salt Range and Aravalli outliers. Besides, Aravalli outliers
reveal that within the outliers there are deposits of glacial origin near Chenab
and Rabwah which prove that the great masses of ice may have radiated
from Rajastan region further south.

CONCLUSION

The Tobra Formation exposed in Punjab Salt Range was studied from
stratigraphic and petrographic points of view. Six units were recognized
in this formation, these are from top to base: Rustybrown sandstone, medium
grained sandstone, carbonaceous shale, yellowish green sandstone and boulder
bed. The boulder bed is composed of granite, quartzite, rhyolite, quartz,
breccia, porphyries, jaspar, dolomite and conglomerate. Most of pebbles are
well rounded, polished and only a small percentage of the pebbles has striations
and facets. Besides, the pebble orientation study shows general inclination
of the long axis of pebbles towards SE. There is however, no constant trend
of the orientation of the pebbles long axis. All features are attributed to the
later action of streams. Vertical succession of Tobra Formation reveals the
change of conditions of deposition from glacial to glacio- fluvial (at places
glacio-lacustrine) and finally to shallow marine. Aravalli outliers in Punjab
are not the source area because there is no match in lithology of the two .
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PETROLOGY AND MINERALOGY OF SOME EGYPTIAN BLACK
SHALES
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ABSTRACT :

The black shale intercalations within the so-called “variegated shale™ have
been analyzed to determine their stratigraphic, petrographic, mineralogical.
chemical and physical properties . Petrographic studies including grain size
and thin section analyses were made and interpreted. X-ray diffraction and
differential thermal analyses data are discussed to identify the mineralogy of
these balckshales. A general discussion of”their-environment of deposition
is also given.

- INTRODUCTION
Much has been published concerning clay and shale deposits in Egypt.
The majority of these papers discusses the paleontology, biostratigraphy or
the petrography of some selected formations. “Black” or “steel” shales have
widespread occurrence, within the different encountered formations in Egypt.
e.g. Variegated shale (Lower Maestrichtian), Dakhla Shale (Maestrichtian-
Danian) and Esna Shale (Paleocene).

The aim of the present work is to study some occurrence of black shales
intercalated within the variegated shale member. Four samples are chosen
from four localities for this study, where best sections of these shales are attained «
This study was pursued to give in detail the mineralogical, chemical, physical
and petrographic properties of the black shales. A general discussion of the
environment of deposition and origin of black shales are also given.

Geologic setting and Lithostratigraphic Characters of the Black Shales:

The stydied shale samples are collected from four localities, (Fig. 1): Gebel

Abu Tartur (Kharga Oasis), Gebel Teneida (Dakhla Oasis), Aswan and Quseir.
The black shale laminations are found as thin bands with in the so-called
variegated shale member. which consists mainly of bedded shale and siltstone

PR
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strata exhibiting a wide variation in colours. The variegated shale beds consti-
tute the upper part of the “Nubia” formation (Pre-Maestrichtian) and range
in thickness from few meters up to 70 meters. :
The variegated shales are encountered in different localities in Egypt,
e.g. Kharga Oasis, Dakhla Oasis, Nile Valley, Quseir, Safaga and Central
Sinai. Beadnell") was the first to describe a section of 116 m thick shale below
the phosphate beds in the Nile Valley. Ghorab® gave the name “Quseir
Formation” to the variegated shale which overlies the Nubia Sandstone and
underlies the phosphate beds in Egypt. Youssef® was the first author who
suggested the name “Quseir variegated shale” for this unit. Hermina'® consi-

~ dered the variegated shales as formation constituting the upper part of the
“Nubia group”.
Many authors described the faunal and floral content of the variegated
shales, e.g. Newton'®, Edwards®, Seward™, Cox® and Faris and Hassan®.
The black shales are found as intercalated bands within the variegated
shales, ranging from thin limited beds to moderatly thick extensive sheets
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or lenses, The shales are generally nonfossiliferous, although visible fragments
or structures of plant remains have been recorded. Most of the black shales
are thinly laminated, moderately hard and have abundant pyrite and /or
marcasite nodules"”, Large clayironstone concretions are characteristic
of some layers. Most of the black shale bands are black or steel-grey in colour
and contain flatty, waxy, resinous, carbonaceous or bituminous materials.

Fig. (2) illustrates: the general succession in the studied areas. From this
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Fig. 2: Vertical sections showing the general successions in the studied areas.

figure it appears that the variegated shale (including black shale bands) rest
conformably upon the Nubian Sandstone series. The later may reach more
than 120 m in thickness. Above the variegated shale, there is a series of phosph-
atic beds (including coprolites) with some bands of shales, marls and limestone,
referred to as the Duwiformation. The thickness of the Duwiformation may

may reach up to 66 m in its type locality (Quseir area).
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Grain Size Analysis: .

The prain size analysis method (disaggregation and dispersal) was carried
out according to the procedure recommended by Ingram™ "), The sand fraction
was separated by wet sieving on 0.063 mm sieve (4y) and analyzed by screening,
The silt-clay fraction was collected and analyzed by the well known pipette
method Galehouse!'?),

From the results of grain size analyses, cumulative curves were plotted
on a probability paper. According to Folk"®, most unimodel sediments tend
to approach the “normal probability curve” in their size frequency distribution,

i.c., if the cumulative curve of the sediment is plotted on a probability paper,
the result is a more or less straight line whose position depends on the average
particle size, whose slope depends on the sorting. Therefore, it is valuable
for studying the departure of the sediment from the probability law. Moreover,
since the tails are oftenly straightened out and the sample tends to plot as a

straight line, it is possible to read the statistical parameters with greater

accuracy because of the ease of interpolation and extrapolation. In the present
work, cumulative curves are constructed by connecting the dgta points with

straight segments as advised by Picard 2, ;
As a measure of average size; graphic mean size (M:) was used and as a

measure of the degree of sorting, the inclusive graphic standard deviation
(07) was applied. The symmetery of distribution around the mean was determi-
nec! using the inclusive graphic skewness (SK;), and the graphic kurtosis (Kg)
which refers to the flatness or peakdness of one distribution in relation to
~another was used. Table (1) shows the values of @ 5, ¢ 16, ¢ 25, ¢ 50, ¢ 75, ¢ 84,
qnd ¢ 95 readings from the cumulative curves together with the calculated grain-
size parameters given by Folk and Ward?, ' |

Table (1): Statisical grain-size parameters of black shale

Sample Q@5Q16 Q25050075 @84 @95 M, o SK; Kg

Kharga 35 50 59 92 130 148 183 9.704.65 0.18 0.84
Dakhla 53 60 69 85 102 110 127 8503.06 0.12 0.88
Aswan 22 30 35 60 95 115 150 691406 0.04 086
Quseir 58 87 99 120 143 152 173 1201337 002 1.06

The calculated mean size (M) reveals that the black shale sample of Aswan
is coarser than those encountered in’ the other sections, it has a mean size
value of 6.91Q (i.e. fine silt). On the other hand the samples of Kharga, Dakhla
and Quseir sections are the finest samples encountered; they have mean size

ranging between 8.5 - 12.01 @ (i.e. clay).
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[he caleulated inclusive graphic standard deviation (oy) shows that thewe
shlaes are pootly sorted (3.37-4.65 () in character. In a statistical sense, thi
means that the scatter of fraction sizes around the “mean size™ is relatively
large.

The inclusive graphic skewness (SKy) values indicate that the curves of
distribution of Aswan and Quseir samples are mainly nearsymmetrical, while
those of Kharga and Dakhla samples are generally fine-skewed and strongly
fine-skewed. '

The graphic Kurtosis (Kg) values point out that the black shale samples of

Aswan and Quseir sections have mesokurtic curves of distribution, i.e. normal
distribution, on the other hand, Kharga and Dakhla samples have platykurtic

curves.
Besides the above mentioned characters of the black shale samples, grain

size analysis indicates a marginal shallow water environment of deposition.
Mason and Folk® pointed out that the poorly sorted, the nearly symmetrical
skewed and the mesokurtic characters indicate a beach environment (or a

marginal one).

Petrography and Organic Content of the Black Shales:
The black shales have carbonaceous matter content ranging between 12%7..

and 30°/ . In thin section, the black shales are steelgrey and rarely laminated.
The groundmass is argillaceous, silty or slightly sandy in places. They are rich in
carbonaceous materials and plant remains. Pyrite grains and iron oxides occur
as scattered small spots. Filling fissures are scattered within the groundmass,
some fibrous and fine-grained anhydrite and carbonate minerals (calcite and
dolomite) are detected. Scattered fine to medium grained, subangular to sub-
rounded detrital quartz grains, occasionally with undulose extinction, are emb-

edded in the argillaceous groundmass.Some pelletesofglauconitearerecorded.

X-ray analysis of the Black Shales:
X-ray diffraction analysis are carried out to study the composition of both

clay and non-clay minerals. X-ray diffraction patterns (Table 2) determined
for the minus 74 micron fraction reveals the predominance of quartz with lesser
amounts of kaolinite, illite, carbonates, anhydrite and pyrite.

lhe Action of Heat: ' '
¢ action ol heat on the black shales has been studied from their differential

‘thermal analysis, using the apparatus and technique devised by Grimshow,
Heston and Roberts"”, The black shales show a behaviour characterized In

Fig. (3) and may be summarized as follows:
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Table (2): X-ray diffraction data of black shale*

Kharga Dakhla Aswan Quseir
dA 110 dA° JIe dA° 11° dAC 1/1°
139 6 1360 5 1320 7 1362 8
L;. ;13 10 1005 5 1240 -8 10.00 8
: 0 7.14 4 114 10 714 g
425 40 496 4 425 40 499 4
358 10 395 6 356 8 3.95 6
350 8 3.56 0 35 10 355
334 100 335 100 334 100 335 ?oo
290 15 292 25 289 20 290 20
256 5 245 5 250 5 248 5
246 10 228 4 228 8 228 5
228 8 224 4 224 4 224 4
223 5 5213 6 212 5 212 6
199 8 1.98 4 199 § 199 5
182 15 182 7 180 12 18 3§

* Indentified minerals:

Quartz : Using lines at d = 3.34,4.26, 1.82 A° (ASTM card 5-0490) -

Kaolinite * Using lines at d= 7.15,3.57,2.30 A° (ASTM card 5-0143)

~ Illite : Using lines at d = 4.29,3.36,2.86, 2.57 A° (ASTM card 9-334)
Dolomite :Using lines atd = 2.89, 2.19, 1.79 A° (ASTM card 11-78)

Anhydrite : Using lines atd = 3.50, 2.85, 2.33 A° (ASTM card 6 0226

Quseir

Aswan

Daokhla

Kharga

700 700 300 %00 500 500 700 300 500 1000 500 600
Temperature C°

Fig. 4. Thermal behaviour of the black shales.
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1. An endothermic reaction (a) taking place between 80-220°C and reaching
a maximum at 150°C. This loop indicates that the energy is absorbed to
drive off the moisture content. Kaolinite does not show this low-tempera-
ture reaction, while illite exhibits this reaction.

2. A slight exothermic reaction (b) taking place in gradual stages between
300-400°C. This exothermic reaction indicates the presence of organic
matter which is not easily volatilized in one stage.

3. An endothermic reaction (c) taking place between 400-600°C, reaching
a maximum at about 550 and represents that the energy is absorbed to
remove water of crystallization. Kaolinite and illite minerals loose their
hydroxyls within this range.

4. A slight endothermic reaction (d) taking place between 850-900°C. Most
of the three layer lattice clay minerals undergo this reaction associated
with the final break-down of the clay lattice''®.

5. A broad small exothermic reaction (e) between 900-100°C, with a peak

at 940°C, due to the re-crystallization of alumina. According to Grim and

Bradley!®, this peak is characteristic of either illite and /or montomorill-

onite.

A broad small exothermic reaction (e) between 900-1000°C, with a peak

6. The re-heating curve at 500-600°C indicates the presence of quartz detected
by the peak (f). '
The thermal behaviour of the black shales suggests the type of clay mineral

which is different from illite group, but in the same time approaching the chara-

cteristic thermal behaviour of kaolinite. Thermal analysis shows also the
presence of quartz and organic matters. These results agree with those obtained

from X-ray analysis.

SJI

Environment of Deposition:

Based on the fore-going observations, the following conclusions can be
achieved about the environment of deposition of the black shales:
The black shales consist mainly of detritus rich in carbonaceous and
organic materials (12-30°/.). These are inherited from the weathering of
source rocks and soils and transported by fresh water (as indicated from plant
remains) to the basin of deposition. The environmental conditions of deposition
are mainly marine as reflected by the assemblage of clay minerals present
(kaolinite and illite). Keller''® indicated that passing from a non- marine to
marine environment, the clay suites changed from kaolinite to a largely illite
suites. Millot®® found kaolinite to be dominant in fluviolacustrine deposits.
Stratigraphically, the black shale lamination within the variegated shale
conformably overlies the sandstone of Nubia formation. The latter had been
deposited in a shallow water environment '?). These shales are overlain by
phosphatic beds with much detritus. This indicates the deposition of black
shales in a near-shore environment.
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The characters of grain size parameters indicate a shallow margina

environment of deposition.

Twenhofel 2" favours environments with poor circulation, with little or

no oxygen and with concurrent toxic conditions as responsible for most

black shales. So, the black shales may be deposited in lakes, ponds, lagoons
or in shallow nearly tideless epicontinental seas. The marine environment

of deposition has mainly alkaline chemical characters as indicated by the
presence of carbonates. The presence of chlorides and sulphates indicates a

more saline environment.

CONCLUSION

The Egyptian black shales have been studied in detail from mineralogical,

chemical, physical and petrographic points of view. The shales range from
fine siltstone to claystone. The identified clay minerals are kaolinite and illite,
the non-clay minerals are quartz, anhydrite and carbonates. The environment

of deposition was mainly marine, near shore, alkaline and saline.
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ABSTRACT

A method for calculating the penetration factors in wide aperture tapered
square collimators for axial point sources has been given. The formulae obtained
are especially suitable for numerical computation by the digital computer.

The penetration factors have been measured experimentally in the case of

focusing conical collimators for axial point sources. Satisfactory agreement
is found between the experimental values and the calculated curves .

INTRODUCTION

The tapered collimators are used either as “focusing” collimators in radiolo-
gical scanning, or as “inverted” wide-angle collimators in uptake measurements
for studying the functions of body organs by radioisotopes').

This paper presents a theoretical study of the penetration factors in the
case of wide aperture square tapered collimators from axial point sources.
The penetration factors are measured experimentally for the conical collimators
to test the validity of the calculated values which have been given in a previous
work @, "

* Now at the Faculty of Science,
Al-Mustansiriyah University, Baghdad, Iraq.
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THE SQUARE TAPERED COLLIMATOR
The square tapered collimator’s hole geometry is that of a truncated righg
pyramid (Fig. la). The penetration factor, f, is defined as,

f=1/C (1)

where, 1 is the rate of monoenergetic gamma photons penetrating through the
walls of the collimator and C is the rate of photons, of the same energy, passing
through the geometrical aperture of the collimator.

The calculation of the penetration factors depends in the location of the axia]
point source with respect to the vertex of the pyramid, i.e., whether the height
of the source, h, is greater or smaller than the “focal length”, F, of the collimator,
In the following sections, each case is treated separately.

(@) Caseofh < F : )
The detector’s responce, C, to the axial point source is proportional to the

square solid angle. It has been shown® that

C = (N/4m) 4 arctan [ a%/ { H (2% + H?)!? } ] 0)
where N is the rate of emission of the photons, a is the half of the length of the
pyramid base, and H is the height of the source from the base center.

To calculate the number of photons penetrating through the walls of the
collimator, it is essential to find the distance QR (Fig. la) travelled through the
collimator’s material. This is obtained by finding the point of intersectiq
of the ray PQR with the inclined plane of the collimator’s wall. It is found thy
the height, z, of the intersection point is given by |

z = HL (a — x)/(aH — Lx) | €]

The number of photons striking the walls at an angle 0 in the element solid angle
d Q is N (dQ/4n). These photons suffer attenuation by passing through the
distance QR in the collimator’s material, the attenuation factor equals exp

(—p.z/ cos 0). Using that, the element solid angle is given by

dQ = dxdy [ H/(x*> + y? +'7H2)3’2] 0

The rate of gamma photons penetrating through the walls of the collimator,
I, could be shown to be given by

I = (N/4n) 8H f f " (x2 + y2 +H?)™3? exp (— piz/cos 0) dx dy...(5)
0 x=a,y

y=
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(Fig. 1) The geometry of tapered square collimator.
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{ ™ can be defined in terms of two constants A and B (Fig, 11,

The upper limi
! and its effective thicknegg

which are related to the radius of the detector, r,
U"Y, The constants are given as:
A=rtH/H+1 (6)
B=DbH/h
m equals the smaller of A and B, since if A < m < B, the gamma photon wil]
not be detected even if it passes through the collimator walls, due to the finite
dimensions of the detector.

The ray tracing method is used to calculate the penetration factors. The
calculations have been done on the ICL 1905 E computer of the Scientific Com-
putation Centre of the University of Cairo, Egypt. The numerical double
integration is carried out using Simpson’s one-third rule for several collimator
dimensions. The calculations are done for gamma rays with energies 0.28, 0.48,
0.66, 0.84 and 1.20 MeV with respective linear absorption coefficients in lead
of 5.2, 1.84, 1.20, 0.92 and 0.68 cm™*. These gamma rays follow the decays of
203ho 7Be, 137Cs, 54Mn and *°Fe respectively. The radius of the viewing Nal
(T1) crystal istaken as 3.75 cm and its effective thickness for detection, t, is
taken to be 8 mm.

Vertical displacement AF [cm) from the focus

(Fig. 2) The penetration factor f as a function of the displacement from the
vertex of the tapered square collimator in case of different b/a values.
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Some of the results obtained are plotted in left side of Figure 2 to demanstrate
the main features of the penetration factors, The penetration factor increases
as the displacement from the vertex AL increases and it is greater for narrower
collimators of the same a/b ratio. The main features of f are similar (o the
corresponding features in the case of conical collimators which are given in
a previous work . The differences in the values of the two types do not usually
exceed 207/ in the case of a collimator with dimensions 0.4 and 0% cm .

(b) Caseof h > F:
When the axial point source is higher than the vertex of the pyramid, the
response of the detector is given by

C = (N/4 n )4 arctan [ b%/ { h(2b? + h?)'/2 } ] )

The distance travelled by the gamma ray through the collimator’s material
in this case is (L — z) /cos 0. The number of photons penetrating the walls of

the collimator is calculated in a similar way as in eqn (5), now

I = (N/4n) SHJ f x* + y* + H) 732
y=0 xX=n,y

exp{ — u(L — z)/cos 0} dx dy (8)
where, n = bH/h ; 9)

The values of the penetration factors, calculated under the same conditions
described in section (a), are plotted in the right side of figure 2. The rate of
increase of f in this case is smaller than the rate in case (a) because the source
is moving at relatively large values of h. For the same reason, the sensitivity
of the penetration factor to the width of the collimator is smaller. The value of

fincreases as the ratio a/b increases due to the decrease of the distance travelled
in lead. The values obtained in this case are very close to the corresponding

values of f for conical collimators; the differences do not exceed 5°/- in the case
of the collimator with dimensions 0.4 and 0.8 cm.

EXPERIMENTAL DETERMINATION OF F

It is interesting to study the general trends of the penetration factors experi-
mentally and to test how they would agree with the calculated values. The lead
conical collimators are chosen for the experimental work because they are
relatively easy to be cast and machined in the college workshop , and also
because the differences in the values of penetration factors for the conical and

tapered square collimators are small’®,
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(Fig. 3) a — The counting arrangement.
b — The screening effects due to flat top of a lead cone.

The method used has been described in the literature “+3), Three measure-
ments of the count rates are made with a “point” source placed on the axis of
the lead collimator in front of a scintillation counter; the three situations are
shown in Figure 3a. Measurement A records the rate of radiations passing

thrqugh the geometrical aperture plus the radiations penetrating through Fhe
collimator’s walls. Measurement B records the rate of radiations penetrating

through the walls, while measurement C records the rate of radiations pene-
trating through the whole thickness of the collimator’s block. The background

is measured separately in each case and is subtracted from the corresponding
total counting. From the measurements A, B and C the penetration factor is
given by:

firas (B—S+C)—C (10
A—(B—s+e) :

where, s is the loss in counting rate due to screening of the source by the truncated
lead cone (position i, Fig. 3b) and e is the rate of radiations penetrating through
the edges of the cone. It has been shown'® that at position (iii) the values s and e
are almost equal and eqn. (10) is reduced to

f=(®-0C)/A-B) W

To measure the penetration factors, the source is placed at position (iii)
to eliminate any screening. The window of the pulse-height analyser is set to
select the pulses in a narrow energy band around the photopeak to eliminate
scattered radiations. The three measurements A, B and C are performed using
137Cs and *°Fe sources at different heights. The counting is continued for
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(Fig. 4) Experimental values of penetration factors for the focusing conical
collimator.

periods of time long enough to give good statistics. The collimators used are of
length equal to 5 cm, their smaller and larger radii are 0.4 - 0.8,0.4-12,08-1.6
and 0.8 - 2.4 cm.

Figure (4) gives a sample of the measured values of the penetration factors
for focusing collimators, the experimental values are compared with the
previously® calculated curves. The results show satisfactory agreement

between theory and experiment. The deviations of the measured f values are
found to be within 5°/o of the corresponding calculated values.

CONCLUSIONS

The ray tracing method is used for calculating the penetration factors in the
tapered square collimators for axial point sources and the results are compared
to ‘those of the conical collimators. The penetration factors are particularly
large for high energies, large a/b ratios, narrow collimators and when the
source is close to the collimator. . .

The penetration factors are measured experimentally in the case of conical

collimators and the resuls have shown satisfactory agreement with the theore-
tical values even when the source is relatively close to the collimator’s face.
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A thorough knowledge of the penetrati ' .
I the design and the execution of a careful experiment.

on factors is quite important both
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SIZE DISTRIBUTION OF PARTICLES IN BAGHDAD ATMOSPHERE

Mohie A.Abbas
Physics Department, Al-Mustansiriyah University,
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Received, 21 April 1976
ABSTRACT

Measurements of the size distribution of particles in Baghdad atmosphere
due to petroleum products have been undertaken and the results are presented
in this article. The samples were collected on grid meshes covered with thin
films of carbon or formvar. These films were produced by vaccum evaporation
of carbon on a glass plate. Electron micrographs of the samples were taken
by means of an electron microscope. ,

Statistical information concerning the amount of consumption of different
types of petroleum products since 1948 have been analysed and presented
in graphical forms. It was seen that the combustion of an amount of about
1400 millions of litres of petroleum are being injected into Baghdad atmos-
phere in the current year. The estimated amount of consumption up to 1987
has been taken into consideration also.

INTRODUCTION

The problems of environment and air pollution have become a matter
of international concern and all governments and health organizations are
now well aware of the hazards to human health and property arising from
atmospheric pollution®.

On global basis, the trend of world temperatures in this century appears
to be directly related to the trends of atmospheric carbon dioxide content
and atmospheric turbidity®. Both are believed to be related to human activies.
Since 1940, the effect of the rapid rise in atmospheric turbidity appears to have
exceeded the effect of rising carbon dioxide, resulting in a downward trend
of world temperature'®. There is no indications what so ever, that these trends
will be reversed and therefore there is some reason to believe that man made
pollution will have an increasing effect in future.

— -
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However the global effects of air pollution is a very long rar}gtc Izroorl:cl:rmn:
Relatively the local effects of the pollutxop is a matter of lmme'dla e e L
The pollution of the 11t111osp!1crc b)f various irritating or toxIC mat'e ot
increasing rapidly with the industrial growth and unprecedentgd m“ 14
in world population. The current economic trends indicate: that air PO u
due to hydrocarbons, petrochemical products and engine exhausts w,]].becomc
increasingly evident in most cities“-%, Over a city, the smoke pall from md.ustg'
and other sources change the character of the radiation falling on the city'”,
specially reducing the ultraviolet penetration, rearranging the long Wave
radiation balance, and providing condensation nuclei which contribute

greater precipitation over a city and a higher frequency of fog!”.

STATISTICAL INFORMATION

In Baghdad atmosphere, contribution to air pollution comes mostly from
automobile engine exhaust gas, smoke from house chimneys and brickfactories
which are spreading all over the city. However, beside the above sources,
the Oil.reﬁnery anq the cement factory are adding different amounts of air
contaminants continuously and regularly. Informations concerning the
amount of consumption of different types of Oil products in the whole country
cot:jld}:)e obtained from the Ministry of Oil. These informations are analysed
and then plotted as a function of time as shown in figure(1) .It can be seen

10 ] 2
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oY |
z
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Y
&
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d
e}
1948 1853 1958 1953 1968 1573
s YEAR
Fig.1 \
Curve 1 car petrol-
Curve 2 kerosine oil- )
Curve 3 gas oil.
Curve 4 diesel oil
Curve 5 crude oil-

Fig. 1 : The consumption of different types of Oil in Iraq.
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from this figure that the consumption of all types of Oil products increases
rapidly with time. Figure(2) shows the amount of consumption of Oil in future
up to 1987, as estimated by the Ministry of Qil*?),

8

{Litres x10 )

L CONSUMPTION

ESTIMATED o1

()/0 4 2

w3 W w7 BT wr ') 1985 9

) YEAR
Fig.2

Curve 1 (ar petia
Curve J cef@sing o
(urve 2} gos ol

Fig. 2: The esumated increase in Oil consumplion,

For the city of Baghdad, informations concerning the consumption of
* car petrol and gas Oil are obtained. These informations are plotted as a function
of time as shown in Figure(3) It can be concluded from these figures that the
total consumption of all types of Oil products is about 3500 million litre per
year in 1975 in the whole country and this amount is expected to increase
to about 7000 million litre per year by 1987. For the city of Baghdad alone,
the present consumption of all types of Oil products is estimated to be around
1400 million litre in 1975 and by the year 1987 this figure will increase to
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Fig.3: The consumption of car petrol and gas Oil in Baghdad.

theair pollution will rapidly increase when various industrial projects in and
around Baghdfld are completed and come into full operation .

We are faced Wlth the problem of protecting our air supplies against contamina-
tlon.by gasoline vapours, exhaust gas, smokes and dust particulates. A study
of air pollution, therefore seems very desirable at present and as a first step
in this direction an investigation of the particulates in automobile engine
exhausts, in smokes from burning bitumen and cigarettes and in dust fall
has been undertaken. The small particulate pollutants can remain floating in
air for considerably long period and behave in many ways very similar to
gases. Particles smaller than 2 to 3 microns are inhaled readily and they can
stick to the walls of the lungs; larger particles are excluded for the most part
by being trapped in the nasal passages but they helped in making chemical
reactions in the atmosphere between gaseous pollutants possible by adsorbing
them on their surfaces so that the reactive molecules could remain near each
other for sufficient time to take part in the reaction. Thus some toxic gases
are produced in the atmosphere.
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EXPERIMENTAL
Collection of samples:

Different workers have followed different procedures in sample collection
depending on the type of studies and the nature of sources. The proceduce.

-used in the present work consists of collecting the samples ‘on grid meshes
by means of which electron micrograph of the particles could be taken using
the electron microscope. For collecting particulate sample, grid meshes covered
with thin film of carbon or formvar film were used. The grid mesh is a small
disc, 2mm in diameter, of fine wire mesh containing large number of very

small rectangular or square open spaces. The film was produced by vacuum

evaporation of carbon on a glass plate. It is then removed from the glass plate
by the action of water and transferred to the grid mesh by the fishing method.
The same method was used to transfer the formvar films . The grid meshes
covered with films were dried in desiccator for one day. The grid meshes

become then ready for use.
In samples collection, there grid meshes were arranged on the middle

part of a clean glass slide. The slide then placed flat inside a large container
which was covered tightly to prevent undesirable particles entering it.

Exposure to diesel engine exhausts:

The cover of the container was removed and the sample was exposed
to the plume of exhaust gas from a diesel truck to allow the smoke to pass
into the container. The sample was exposed for five minutes at the end of
which the container was covered again and the smoke was allowed to settle
down on the film covered grid meshes. Many such samples were collected.

The grid meshes exposed to the diesel engine exhausts were examined
in the beam of the electron microscope at the institute of Biological Research

Center, Baghdad and the electron micrograph of the smoke particles deposited
on the grid meshes were taken. Plate - 1 shows one of the electron micrographs

of the smoke particles from the diesel engine exhausts (magnification = 12750
X )
Cigarette smoke: ‘

To collect the cigarette smoke sample, a very tightly covered containcer,
having a long glass tube connected with it, was used. After the grid meshes,
resting on a glass slide, were placed inside the container, the latter was closed
tightly and then Al-Jamhuriyah cigarette was smoked and the smoke was
allowed to pass through the glass tube. This process was repeated many times
till the container looked cloudy. Then the glass tube was ciosed and the smoke
was allowed to settle down on the grid meshes lying in the bottom of the con-
tainer.
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Plate 1: An electron micrograph of smoke particles from a diesel engine
exhaust (magn. 12750 X). '

The grid meshes exposed to the cigarette smoke were examined by the
electron microscope and several electron micrographs were taken. Plate - 2
shows one of the electron micrographs of the cigarette smoke (magnification=
16830 x). ‘

Dust sample:

Samples of dusts from the atmosphere were collected in a large glass plates
placed on the roofs of several houses lying in different districts in Baghdad areﬁ
for 5 days. The dust so collected were dispersed dusts were placed on the gl
meshes covered with formvar film and then examined under the electron
microscope beam. Plate - 3 shows one of the electron micrograph of the dust
sample (magnification = 10030 x).

Bitumen smoke: _

The container containing the grid meshes was exposed to the plume of

smoke from the burning bitumen for about 5 minutes. The container was then

covered tightly and the smoke was allowed to settle down on the grid meshes

covered with carbon films. The smoke particles deposited on the grid meshe

were finally examined under the electron microscope and plat - 4 shows ow
of the electron micrographs (r?agniﬁcation = 12750 x).
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Plate 3: An electron micrograph of dust particles (magn. 10030 x).



Plate 4: An electron micrograph of smoke burning bitumen (magn. 12750 x).

MEASUREMENTS AND RESULTS
Particle size measurement:
The shapes of the images of most of the particles, as seen in the electron

micrographs, are neither spherical nor of any other geometrical pattern; they
seemed to be randomly irregular as have been shown by previous workers
(8,9, 10). This suggests that the particles in the samples studied have no regular
shape and the images will have quite different shapes if the orientations of the
particles with respect to the electron beam are changed. Only for spherical
particles the shapes of the image will remain unaltered whatever the direction
of the beam with respect to the particle orientation. Under these circumstances,
t}}e size of each image was determined by measuring the longest and shortest
dimensions of the image. Knowing the magnifications at which the micrograph
was taken “the size of the particles” were determined. Using this procedure,
large number of particles were measured from the electron micrographs of
each specimen. Then the readings of the size measurements were sampled and
the frequency of occurence of each size of the particles were plotted in histog-
rams. N

Figures (4), (5), (6) and (7) show the histograms for the size distributions of
diesel exhaust particles, Al-Jamhuriyah cigarette smoke particles, dust particles
and bitumen smoke particles respectively. The average size of the particles was
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Fig. 5: The size distribution of particles from cigarette smoke.
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|;.\llcrn. H.owcvcr,dusl particle images are well defined and the average size of
:\'LCrZC‘PiTUCICS was found to be 7 x 10~ *mm. Since the electron micrographs

aken by dispersing the sample with water, many of the particles may be

an aggregate of smaller ones. A large number of “very small particles™ were
also observed in the micrographs, the size of these particles was estimated to
be less than 1 x 10™* mm.

_The smoke from burning bitumen was observed
guished sizes of particles. Firstly, particles which are

a very l.arge si;e with an average size of 3 x 10™>mm. Secondly,
of particles with an average size of 1 x 10”2 mm, and thirdly a vast majority

of small pafticles with an average size of 1.2 X 10~ *mm.
A very intersting effect was observed in the distribution of the third kind

_Of mean size 1.2 x 10~ *mm, it was seen that the particles lie on a definite curve

in much the same way as the iron filings in a magnetic field. This phenomenon

was explained on the assumption that small particles from the hot bitumen

smoke were electrically charged and their distributions were influenced by

the local atmospheric field. ' '

In order to ensure this assumption, it was decided to vertify it experimentally.
This was done as follows: grid meshes were arranged on a slide glass placed in
an open petri dish which was kept on the axis of and midway two large alumin-
ium plates about 30 cm in diameter. The distance between the plates were kept
at 1 5 cm and a potential difference of 5 KV was maintained between them using
a high voltage power supply. The grid meshes were exposed to the atmospheric
dust for 96 hours. Plate - 5 shows one of the electron micrographs. From the
electron micrograph of the dust deposited on the grid meshes it is clearly evident
ll}at tpe “very small” particles of the atmospheric dust are arranged along the
direction of the applied electric field (magnification = 10030 x).

This experimental result supports the assumption that many particles in
hot smoke from burning bitumen are electrically charged. Such smoke particles
:Jiall);l);entlatl}lly more responsible for providing nuclei for fog formation in
both ﬁelvc;leit gr condition. H,owever', mucp more research is required, involving
o his count?y I%Se fé‘l)l;g :;Il:ogatory ;qveshgahonl of the polution phenomena
cance in our atr’nosphere_ e established definitively whether it is of signifi-
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Plate 5: An electron micrograph for dust pariicles subjected to an electric
field (magn. 10030 x),
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ABSTRACT

A technique for measureing the spectral power distribution of high pressure
mercury vapour lamps and low pressurc fluorescent lamps developed at the
National Institute for standards of Cairo is described. Assessment of the
accuracy and precision of the technique is carried out by the statisti;cal analysis
of the data and comparison with measurements previously obtained for the
same group of lamps at the National Physical laboratory of England and
the Mendeleeve Institute at the USSR. The analysis gives reliable indices
of the precision attainable and leads to suggestions for improving the technique.

INTRODUCTION

Photometric measurements concerning light sources are based on com-
parison with the standard source agreed upon in 1931 by the Commission

Internationale de 1 *Eclairage (CIE) to be a black-body radiator of colour
temperature 2854° K having a continuous spectrum of known spectral power

distribution (s.p.d) , , ut N—
The calibration of incandescent lamps, possessing continuous spectra

has since been carried out simply and to a high degree of precision. On the
~—other hand the heterochromatic comparisons involved ‘in the calibration of
mercury vapour and fluorescent Jamps which have line spectra in addition to

ra imposed serious limitations on calibration accuracy.
(1)
s

continuous spect .
The international comparisons carried out in 1962 on flourescent lamp

and in 1966 on high-pressure mercury-vapour lamps® did not turn out satis-
factory results®, Considering the discordances, the photometry committee
of the CIE emphasized the need for further studies of the sources of error®.

4
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The present paper is the outcome of a study designed to explore the sources
ol error in the calibration technique developed in the Photometry Laboratory
of the National Institute for standards (NIS) in Cairo. The paper sets out
with a brief description of the calibration of the instruments. This is followed
by a presentation of the measurements carried out at the NIS on lamps previ-
ously measured in England at the National Physical Laboratory (NPL) and
in the USSR at the Mendeleeve Institute (VNIIM). A statistical treatment of
the data leads to an evaluation of the accuracy and indicates the possibilities
of improvement.

CALIBRATION OF EQUIPMENTS

A subtractive double monochromator of the Terrien-Desvignes type
was used for dispersing the radiation emitted by the sources and the light
flux in very narrow wave bands coming out from the monochromator was
measured by means of an EMI photomultiplier receiver.

A wavelength calibration curve in the visible spectrum was made for the
monochromator giving the wavelength in terms of scale readings. The estimated
uncertainty in the wavelength setting varied from +.3 A° in the blue region
to + .2 A® in the red region of spectrum. The slit widths: . 1 mm, .3 mm and
15 mm were found suitable for the entrance, middle and exit slits respectively.

The EMI photomultiplier receiver used is sensitive in the region . 16 y to
.65 . Tests carried out to study linearity of response of the receiver-galvano-
meter combination was found to be + .7°/, for a 240:1 variation in illumination
level. The fatigue effect of the receiver was minimised by using a shutter in
front of the receiver.

The monochromator receiver combination was calibrated for s.p.d.
measurements using a secondary standard tungsten filament lamp of colour
temperature 2854° K. The calibration constant C, was calculated for each

wavelength where

P;, = radiant flux emitted by the standard lamp at wavelength (as given

in Table (1) -
& R,; ='output of the monochromator receiver combination at wavelength.

C, is sometimes referred to as the spectro-radiometric response factor.

To assess the accuracy of this calibration the spectral power distribution
of a secondary standard lamp of colour temperature 2353° K was measured
using the full technique. Comparision of the obtained results with those
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METHOD OF MEASUREMENT

For measurement of sp.d. of a flourescent lamp, the lamp was moneey
horizontally in front of the entrance slit of the monochromator suppoeieg
he lamp was manually shorted after cathode prehes.

from its current pins. 1
ing for 10 secs. The two clectrodes were short-circuited to avoid any possible

changes in power dissipation in the electrodes if the lamp is replaced for
another measurement with reversed electrode connections. The lamp was
operated with its suitable ballast from an A.C. stabilizer. The temperature
of the laboratory was controlled to within + 2° C. The lamp was first run at

the rated electrical values for 20 minutes for stabilization.
The readings of the galvanometer deflections R, every 10 nm interval

of wavelength for the continuous spectrum were recorded. The relative power

R, was calculated from the equation

Px). = C/l C Rx).

(7)

.

The power of the lines was evaluated by the peak response method
hod®. Comparison of results obtained by these

and by the integration met ] )
ithin + 1.2 °/, at the spectral line 435.8

two methods showed agreement W
nmand + .8°/, at 546.1 nm. for lamp of the colour matching type.

ASSESSMENT OF THE TECHNIQUE

Precision and accuracy of the technique were studied by resort to statisti-

cal analysis of the results.

p. d. of each of the fluorescent lamps was
calculated from a mean of five readings while that of high pressure mercury
vapour lamps was taken from a mean of eight readings. These readings were
taken from separate runs made on each lamp. The precision of determination
of the s.p.d. of the lamps was estimated by calculating the coefficient of variation
V for one 20 W fluorescent lamp and for one 400 W HPMYV lamp as well
as for the calibration constant C . The coefficient of variation V was calculated

from the equation®;

Precision of measurement: The s.

0,

P, X 100

V}.=
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computed from Plank’s formula'® for the same colour temperature showed
agreement up to 4 .77/, except at the two ends of the measured range where

the differences were larger'®,

METHOD OF MEASUREMENT

For measurement of s.p.d. of a flourescent lamp, the lamp was mounted
I :

horizontally in front of the entrance slit of the monochromator supported

from its current pins. The lamp was manually shorted after cathode preheat-

ing for 10 secs. The two electrodes were short-circuited to avoid any possible
changes in power dissipation in the electrodes if the lamp is replaced for

another measurement with reversed electrode conm?c.tions. The lamp was
operated with its suitable ballast from an A.C. stabilizer. The temperature
of the laboratory was controlled to within + 2°_C. The lamp was first run at
the rated electrical values for 20 minutes for stabilization.

The readings of the galvanometer deflections R, every 10 nm interval
of wavelength for the continuous spectrum were recorded. The relative power

R, was calculated from the equation

le =3 CZ . Rx).

The power of the lines was evaluated by the peak response method'”
und by the integration method®. Comparison of results obtained by these
two methods showed agreement within + 1.2 °/, at the spectral line 435.8
amand + .8/, at 546.1 nm. for lamp of the colour matching type.

ASSESSMENT OF THE TECHNIQUE

Precision and accuracy of the technique were studied by resort to statisti-

cal analysis of the results.

Precision of measurement: The s.p. d. of each of the fluorescent lamps was
calculated from a mean of five readings while that of high pressure mercury
vapour lamps was taken from a mean of eight readings. These readings were

taken from separate runs made on each lamp. The precision of determination
of thes.p.d. of the lamps was estimated by calculating the coefficient of variation
V for one 20 W fluorescent lamp and for one 400 W HPMV lamp as well
as for the calibration constant C . The coefficient of variation V was calculated

from the equation®®;

g,

P;

Y, = X 100
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here @518 the standard deviation given by:

_ (i — P’
= n— |

P,; being the individual values of the relative power at wavelength 2, calculated
from n repeated readings. The results are given in Table (1). The table shows
that the precision of C, is high in the middle part of the spectrum (from 400-600
nm) and is lower at both ends of the spectrum. Lower precision in the s.p.d.
measurements for both lamps in these regions should therefore be expected.

Comparisons with results obtained in other laboratories:

The results of calibration of nine 20 W fluorescent lamps provided by
the NPL England (1970), were compared with the measurements made at
the NIS Cairo using the described technique. These same lamps had been
measured at NPL England and at the VNIIM USSR, in the intercomparison

of the CIE in 1962. The s.p.d. measurements of one of these lamps (6.1.1.) are
given in table (2). The percentage differences (VNIIM - means NPL “1962”)
and (NIS - NPL “1970”) are also given in Table (2). The table shows that the
s.p.d. values obtained by both VNIIM and NIS laboratories tend to be higher
than those obtained by the NPL in the blue-green and in the far red regions
of the spectrum. Fig. (1) shows the percentage differences from NPL measurem-
ents against wavelength for one of the calibrated lamps. The sequence of
the three measurements at the NPL laboratory shows the trend of variations
in the s.p.d. of the continuous spectrum with age.

Accuracy of results:

To assess the accuracy of the adopted spectroradiomet}ic method, the
s.p.d. results of one 20 W fluorescent lamp (6.3.1) were subjected to statistical
analysis as follows: . '

To test the hypothesis that the standard deviation of measurements
at NIS does not differ from the standard deviation of measurements at NPL
at the significance level .05, the F-significance test was applied to the ratio of
the variances'” calculated at every wavelength in the measured range. The res-
ults are given in Table (3). It appears that in the blue and the blue-green regions
of the spectrum the variances did not differ significantly. In the green to red
regions the variances of the measurements at the NIS exceeded the variances

of the NPL measurements significantly. This indicates that the sensitivity

~-of the NPL receiver surpassed that of the NIS receiver in these regions

The significance of the differences between the values of the s.p.d.
was tested using the t- significance test:

t=(X—-Y) [((1/112”_2 (l/ny)){an (X; —X)* + Zn, (Y, -—Y)z} /
(ne + n, — '2)}]
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Table (1): Precision of dtermination of the calibration constant of the system

and the s.p.d. of the lamps 6.3.1. and HA,

Wave- Calibration fl. lamp
length constant 6.3.1.

(nm) C \ [ P,

1.209 0.8 3A8

380 - -
90 0.960 + 5.35
400 0.770 + 14 7.08
10 0.610 + 0.5 9.26
20 0.499 + 0.6 11.33
30 0.405 + 00 13.77
40 0.335 + 02 1604
50 0.281 + 03 17.77
60 0.245 4+ 02. 1942
70 0.217 + 04 2058
80 0.194 + 03 2104
90 0.176 + 00 21.54
500 0.162 + 03 21.24
10 0.152 + 03 2267
20 0.146 + 00 2633
30 0.145 + 05  32.82
40 0.150 + 0.5 50.12
50 0.161 + 0.6 6746
60 0.177 + 04 100.00
70 0.197 + 1,2 125.73
80 0.228 + 0.6 144.70
90 0.300 + 09 140.32
600 0.428 + 0.8 125.67
10 0.639 + 09 107.52
20 0.890 + 1.0 87.33
30 1289 - + 09 6855
40 1.826 + 07 5417
50 2.378 + 1.2 40.27
60 3.245 + 1.3 30.94
70 - 4.425 + 09 2421
80 6.181 + 14 1923
90 11.943 + 24 1328
390.6 - —_—— ——=
405 0.670 + 0.6 44.01
435.8 0.364 + 02 12022
491.6 - ——
546.1 0.157 + 05 5014
+ 08 58.71

578 0.222

H H H H HH O H .

3.7
2.2
1.9
0.9

—LoeLe e
L w

O O ¢
w

o
H W AW

+~++H++H+++H+HHFHFEHHFEFHFH
w o ‘
o o

rrusaswwono | -
0O DN ~J 00O hh OO ~] Lh OO = N

w
9

Pordp
~) -

H H
5o i

+ 13

+ 1.3

) %
P,

18.47
8.45
10.78
11.28
11.65
12.63
12.87
12.54
10.24
11.72
11.74
10.95
10.41
10.87
10.18
9.46
9.30
9.51
10.00
10.68
12.04
15.02
20.98
39.19
79.08
115.77
102.94
152.63
211.21
114.11
32:11
28.59
10.66
333.13
502.11
12.14
799.88
998.90

HHH+H A A

v

M H H O H R

HPMV-400W.HA

r

2.7
2.
4.2
29
1.9
34
235
0.2
0.2
0.2
0.2
0.2
0.2
0.2
1.7
1.4
23
1.1
1.0
1.1
1.5
1.8
1.8
2.3
1.5
1.5
2.0
1.7
4.2
1.9
53
1.7
1.1
24
1.5
27
1.7

* The values of the relative s.p.d. of the HPMV lamp HA given here were adjusted so that the

3 value at 560 nm is equal to 10.00.
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Table (2): Comparison of spectral power distribution results for the lamp 6.1 |

Wavelenght Relative power °/, differences

1962 intercomparison 1970 VNIIM -

mean of the
(nm) NPL  VNIIM NPL 2nd NPL  NIS NPL(1962) NPL
(1970)
380 s L 8.0 8.0 76 —-- =50
90 1200 — 12.0 12.5 128 — 4+
400 16.0 16.3 16.3 16.9 168 + 06 - 06
10 21.0 20.2 211 20 223 -39 +14
20 26.7 272 27.0 2177 217 + 14 00
30 32.3 33.1 32.8 33.1 337 + 15 +18
40 382  40.1 38.5 390 392  + 44 + 05
50 433 452 43.6 440 445 + 41 + 11
60 475 48.7 477 479 490 + 23 + 23
70 506 ! 518 50.5 50.5 519 + 23 + 28
80 51.7 53.5 51.8 519 531 4+ 32 %23
90 51.8 52.6 51.6 520 530 4+ 17 +19
500 50.7 51.1 50.7 510 512 4+ 07 + 04
10 49.2 49.1 49.2 497 496 — 0% — 02
20 49.6 48.2 49.5 50.1 498 —29 =06
30 54.3 55.0 543 54.5 541 + 12 =07
40 652 65.4 65.3 65.3 63 + 03 + 15
50 81.8 80.3 81.8 82.3 822 —18 =01
60 1000 1000 1000 1000 1000 — —
70 1139 1133 1139 1140 1126 —05 - 12
80 1193 1175 1192 1189 1223 — 14 +29
90 1143 1170 1140 1133 1061 + 24 - 68
600 1028 1083 1026 1012 940 + 54 - 11
10 87.2 87.4 86.6 85.3 775  + 05 -0l
20 70.3 73.0 69.8 63.8 63.6 + 42 - 16
30 54.8 59.4 54,7 53.5 471 + 83 =120
40 41.3 44.1 41.0 40.6 391 4+ 70 =37
50 31.4 30.7 31.0 30.6 291 - 16 - 49
60 23.7 23.3 23.4 229 236 - 12 + 3l
70 17.7 18.7 17.6 17.3 165 + 62 - 49
80 13.3 1700 134 13.2 150  +268 +136
90 10.5 14.8 10.4 10.5 125 +423  +190
700 8.1 13.2 8.4 8.1 1.6  +609 +432
404.7 44.2 392 435 377 429 = 57 +138
407.8 2.2 2.2
4358 1172 1168 1165 102.8 1130 00 + 99
546.1 55.3 55.7 53.2 50.5 525 4271 + 40

578 87 153 A4S0 U597 442 -~ 06 =107
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Table (3) ¢ Significance of variances and the differnces between the N.L.S.and
N.P.L. 1970 results.

NIS

NPL

Va

riance

* indicates the significant values,

3.21*

F value t value
mean mean NIS2 NPL; NIS NPL NIS NPL
(nm) X y X y
80 35 36 00169 0.0225 1.33 1.21
0 56 57 00169 00025 6.76 1.61
400 7.1 73 00169 0.0000 —— 333#
10 93 93 0.0049 0.0100 2.04 _
20 113 115 00010 0.0100 6.25 4.29*
30 138 137 00016 0.0196 12.25* 1.21*
40 160 159 00064 0.0025 2.56 3.04*
50 178 178 0.0016 0.0400 25.00*
60 194 193  0.0081 00196 . 2.42 1.82
70 206 204 00225 00196 115 226
80 210 209 00121 00100 121 1.24
9 216 212 00081 0.0100 . 1.23 6.23*
500 212 215 00121 00025 4.84 4.61*
10 227 229 00121 0.0169 1.40 3,58
20 263 266 00016 0.0169 10.56* 5.40*
30 328 336 00121 00576 4.76 6.44%
40 501 470 41209 00196 (210.25)* 3.02
50 674 70.5 0.8649 0.0841 10.28* 6.22%
60 1000 1000
70 1258 1283 0.0225 04624 20.55* 8.10*
80 1447 1463 1624 06084 26.69* 0.75*
90 1403 1488 1218 104  11.71* 4.63*
600 1257 1384 2905 15129 19.20* 4.55%
10 1075 1198 1665 02916 57.01* 5.93*
20 873 982 1560 09409 16.58* 5.30%
30 685 769 1102 02268 27.97* 4.92*
40 542 584 967 01600 60.44* 2.64*
50 402 434 289 01089 26.54* 3.58*
60 309 319 210 00484 43.39* 1.26
70 242 232 07921 0.0484 16.37* 2.20
80 192 171 0.1600 0.0841  1.90 8.71*
© 90 150 127 03136 00100 31.36* 8.07*
700 133 90 03844 00441 8.72 13.14*
405 440 358 02601 1.2769 491 14,50
436 1202 993 47089 3.9601  1.19 14.88*
546 502 469  0.4489 3.7249 830%  3.50*
578 156 160  0.1156 00289 4,00
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Fig( 1): Percenage differences in defermination of lhe s.pd.
of lhe_lamp No. 6.3..
\ it et
‘where:

‘X and Y are the means of the NIS and NPL respectively. X; & Y, are the

individual values of n, measurements at NIS and n, measurements at NPL.
The calculated values of t (table 3) were compared with t = 2.36 corresponding
to the significance level. 025 with seven degrees of freedom. The results show
that the differences within the region 380-480 nm are not statistically significant
while most of the differences are highly significant at other wavelengths .
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CONCLUSION

The results of the calibration at the NIS, Cairo of the 20 W fluorescent
lamps already calibrated at the NPL, England at 1962 & 1970 and at VNIIM,
USSR offered a chance for assessing the technique employed at NIS. The
statistical analysis of the differences in spectral power distribution measurem-
ents and the comparison of their variances give reliable indices of the precision
attainable at each laboratory and provides the possibility of testing the signifi-
icance of the apparant discordances between the results.

The analysis given in this paper shows that the precision of measurements
at NPL England is higher in the blue-green regions than in the red regions.
The lower precision of the measurements at NIS can be improved by using
another receiver in the red region.
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INTRODUCTION

Many distributional problems ‘in multivariate analysis involve certain
Polynomials, namely, Zonal Polynomials, which are expressible'i in terms of
elementary symmetric functions (esf) of the latent roots of a matrix.

Al-Ani®"*? and Pillai’®® have studied the individual roots and the ratios of
some matrices in multivariate analysis . In this paper we study the distribution
of differences of latent roots which follow the Fisher-Hsu-Girshick-Roy
distribution, the study has been carrled out up to (including) the four roots
case.

ZONAL POLYNOMIALS

Let Vi be the vector space of homogeneous polynomials ‘¥ (S) of degree k
in the n = (1/2)m (m+1) different elements of the m x m. symmetrlc matrix S.
The dimension N of Vi is the number '

- N=(mn+k-1)!/(n— 1)K ! of nomials

1 i of degreek = Y. Kij
i<jSij is]
Corresponding to any congruence transformation

S - LSL (2.1)

Al-Mustansiriyah Journal oZScience, vol.I (1976)
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by a non-singular m x m matrix L, we can define a linear transformation of
the vector space Vi of polynomials ‘¥ (S), namely

P S LW:(LW¥)(S) =W (L 'SL~ | (2.2)

A subspace V' C Vy is called invariant if LV CV' for all non-singular matrix
L. V' is called irteducible invariant subspace if it has no proper invariant

subspace.
Now Vi (see Thrall ") decomposes into a direct sum of irreducible subspaces
V,. Corresponding to each partition P of K into not more than m parts ,
Vi=+Vp . o (23)

where P = (K4, Ko, ..., Km),¥ Ki =P,

Ki>K:2>...2Kn>0
Since (tr' S)* ¢ V,, then has a unique decomposition
(trS* = £ Cp (S)
p
into polynomials, C, (S) ¢ V), belonging to the respective invariant subspace,
Hence the Zonal polynomial Cy(S) is defined as the component of (trS)*
in the subspace V). It is a symmetric homogeneous polynomials of degree K

in the latent roots of S, (See Al-Ani ).

. THE DISTRIBUTION OF THE DIFFERENCES
In this section we find the joint and the marginal distributions of the differ-
ences 8i — 6j,i> j when P = 2,3,4. The joint density- of a P non-null roots of
a matrix derived from sample observations under certain null hypotheses can
be expressed in the form:
P
cme(-6)y m@-6)

3.1)

i=1 l>_r

where, 0<0, £0,<... < 0, < 1, parameters ¢, m, and n are differently for

various situations described in ©),
Transform q; = 6;/8,, 1 = 1,2, ..., P -, then the distribution of q,, qa, ...,

d,-1, 0, can be written as

COom (U +p2( -0 T { % (1=, (1-q) }

1
i>/(@% = q),0€ @1 € . < Gp-1 (32)
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Now consider the transformation d; = ¢, (1 - q)

i 1y D=1 Thend,, .., d,-,, 0, will be distributed as:

I d-d) f Y (—m)a/d! iz

i<j d=o0 a k=o b

c|o

(= (=) C, (D)6, (1 =0,
K!

(33
where a and b are the partitions of d and k, and

(A — 1/2(i—1))y; where (A)y; = A(A + 1). D = diag

!

(d,, dy, ... , d,—1). Now integrate equation (3.3) with respect to 0,, then d;,
d;, — . d, - are distributed in the form, :

® _ f T
clo|ne-oLsat 5 A

i<j d=o d! k=0 K!

Ca (D)Cy(D) I (d1, 1; m(1/2) —d, np — k), (34)
0<d,-y<dy—;..5d; 1
b

whereI (a, b;c,d) = J x(1 — x)'dx

for p = 2, equation (3.4 reduceé to:

(@) =C L) 3 () mmeio
Ldg, 1;m +jon + ) (39

For p = 3, the joint density of d,, d, can be written in the form:

RtiteLLY BYATE)

i+]=t
s 1+2 4 j+ 4
hij{ d, "% d, /*! —d1‘+ld21+2)l(dl,l;3m-d, 3n-k)}
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We notice that g- coefficients come from

C, (D) G, (D) = ¥ g, C. (D

. tabulated up to the 7™ degree in Khati and Pillai®,

hij are such that Cc(d' 0 )___ Y. hij d'y d’; ;¢ is the partition of t and
o 0 daf  iATE
[ =K+ d.

Integrate equation (3.6) with respect to d,, then the density of d, is of the form,

R R L

d=o a

ittt
b {hlj 012 I(ds,I ;3m—d,3n—k)} (3.7
2

i+j=t

Again, integrate equation (3.6) with respect to d, (by parts) then the density
of d, is given by:

c5 Z( m)a w;( Ij=ap Tele.

e t+4 s Ll i
oz, bl 7, {071, 1; 3m—d, n—K)+
@51 (i+2)1(d2, 1;3m—d + i+3,3n — k) — (i+3)

d’321(dz, 1; 3m—d+i+2, 3n—k)} St (38)

Now let a1 = d1 792 = 0> — 61, then find the density of a1 and di, then
integrate again with respect to di, we get the density of a; in the form,

d' k=0

o A P lk
c[£3 L F T g
,g}_ hij j}:jl (—1) (j:I)/t+r—3:l(—a1 I (a1, 1;3m—d, 3n-k)

+arr+11(as, 1; 3m—d + t+3—r, 3n—k) (9
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FonP = 4,let P = 4 in equation (3.4) and integrate with respect to di and
further with respect to da we get the density of da in the form,

X «(—ma

T o)
it +is+7"
i3+1 2d3 .
i1, 12, | S . : | y 1; 3
Ypit, 2, 13 d3 [ (T Dol +1249); I(ds, 1;a,b)

I(ds, 1;¢ + 3,'D) _2ds1(ds, 1, e+2,b) B

Yt tint]) (242449t +i2+6)
243

d21(ds, 1;¢ + 1,b) do” "I(ds, L er+2,b)
+ Temet = . . (3.10)
(i242)2(i1 +i2+5) (i24+2)2 (i1 + 4)

41 1241
3

i3+1
wherea = 4m —d, b = dn-k,c=d; d 313+

d

e=ii+i2+4+ae=a+ir+2
Similarly one can obtain the density of di as:

ChL

3 Z‘_ hiy, 12,13
L+1:F13=t

212+ 2i349)
(134+2)3(12+13+5)3

and the dénsity of da

Lo o0 o k . b
ok 5 5 LR Y e

[, 152,5)  ceeeereeennn, 3.11)

o «(-ma 2 «(=1%-n)b
e =o;( én)akza;%izg(a’b)

hH;bﬂ

i2+i3+4 i | g
Ao [ 11+4/(i1+.2)3(i3,-|—2)3_|l(dz,l;a,b)

hiy, iz, i3 d, 2i1 —iz)d;

I(d2,1 e; 4+2,b) “_ 2d; I(dy,1; e1.+1,b') d2 I(dz, 1 e1,b)
(r+d)is+2): (i1 +3)ia+2(0+4)  (h+2)ia+I):
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Now make the transformation
di = ridra4ra,da = ra4ra, ds = r3, 113 = 03 —0;

. Then one can find the joint distribution of r1, dz further, integrate d2 over o <d,
< | —=ry then the distribution of r1 can be written in the form;

d=o

C i Z(—m)a Z Z(:—]‘——MZ&(ab)

TR hiy, is, 1
11+122+13=t 1 e

1—-a
[ I J{ gl v pret g rves C@tn) (- -niY

(i3 +2), r=o0

(r1/t+6—1) + +(2/(13 Fa)t+ 7—r))/(t+6—r)}ddz] (3.13)

Similarly one can find the density of r, and of 5.
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ABSTRACT

The finite predictor is expressed in terms of Szego polynomials on the
unit circle, and the infinite predictor is introduced in terms of the spectral
density function of the process. Then, the error of prediction with asymptotic
relationship to the spectral density function are introduced. Finally , the

additional error introduced by using a finite section of the infinite predictor
instead of the finite predictor is shown to be related to both the error of pred-

iction and the spectral density function.

- INTRODUCTION

Baxter *~% and Hirschman, Jr., ‘® have obtained some extremely, '
interesting results in the problem of Linear prediction of a regular stationary
stochastic process lag 1. The purpose of this paper is to present general results
for the class of prediction problems lag h, h > 1.
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2. The finite predictor lag h, h > 1
Let {x,,}i;‘g be a stationary stochastic process which is linearly regular

i.e, it has an a.e. positive spectral density function C(0) such thatJlog C(0)>
-

Suppose that X_,, X_,+1, - Xo are given, and we are to predict x,; h> 1
(in the least square sense). This is equivalent to minimizing

Ix = 3 atm)x., 3= flg.; (2) |* C(0) dO - (1)

m=0

where z = e*™,and g, (z) = 2" }. a(nm)z™" (2)

m=0Q

Theorem 1:
Among all functions of the form (2), there exists one which minimizes (1).

Such function has the form-

h

gt =Y b e v(n +j,0) 3)

{3 TR
where the b;™,s are the unique solution of the'system
L vt h—jm =) = o @
m=01,..,h—1
Also,
Rtlpg 5! ] >
anm) = — b v(n + j, m + j). (5)

Jj=1
First of all, such a predictor exists. If we consider the closed linear hull

L2 (X) defined by the process { X» }*2, then L2 (X) is a complex Hilbert

space (8; 10.2) with the scalar product (f;g) = Efg. Moreover, let L = (Xpgin s

Xo) be the linear manifold generated by X_,,, X_ .4 1, - » Xo. Sinceflog C(0)>

— oo then (9; 3.1) X, does not lie completely in L. Then
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LX) = L + (Ly(x) - L),
N A
So, X, = X, + Xu, where X, e Land X/, = X, - ‘X)}s Ly (X) -
\
A A ‘
and X, | X, . Finally, | Xi = X || = min] X, - X .
xel

Secondly, we show that corresponding to X, the function g,* (z) has the
form (3). We consider

Ju

) ‘z C(0) d6 . Let {@ (n,0)} and {¥ (n (n,0)} be Szego polynomials

n+h 2
deﬁned by C(6). Then, z'g, (z Z ;@ (j9), and J .(2)| CO)do =
PATTE
q=n+1
Consequently, the function
‘ : o n+h ;
gt@=2" 2 3009
j-n+1 T
=z'— ) a@m)z™"
m=0
attains the minimum.
By comparing coefficients we get .
: ;h % . ‘r' . .
g.*(2) = », b ezsiio v(in+j,0), (6)
=1 o
where the b"’s are the unique solution of the :system
Y b, Vin+j, m—j) = 6o U
j=0 : .
m=0,12.,h-1
Therefore, the finite predictor is
xh = Z Z b(n) V(n+], m+])x—m (8)

m=0 j=1
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3. The infinite predictor

It is casy to see that prediction of X, based on an infinite section of the
past {Xo, X-1, X_3, ..} can be done in the same manner as in 2, or simply by
taking limits as n.— oo.

So,
Xh = f a(m) X—ms
m=0
where
h
am) = §

S1 5V (m +j),

and the bj'*"s are the unique solution of

M3

bk V(m—j) = 6m,0 9)

Jj=0
m=0,12..h-1

We proceed now to formulate the infinte predictor in terms of V (). If we
write the system of equations (9) in a determinant form, we get

VI0) 0 S 0 b 1
VA) V(0):= o oo g e 0 bh-1 0 i
. . )
|
= \,
V—1) Vh=2) . - . . . . . V(0) bl o o
: |
which is equivalent to 1
g ) R ) P~ e v e 0 bn WO) -
V(1)
|V 1= QB S et e 0 br-1 0
V) V() .
WO) W RTINS ey 0 br-2 0
V(h—1) V(h—2) V(h—3)
VO V) V) ! b )
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Let Dn = |ais | denote the h X h determinant on the left side of the past equality.
Then,

br-i = 1/V(0). (—1). (co-factor of aiy in D).
h
" 1
— ¥ bjz/7!sothat o e,
Let Br(z). jz:l ; 2/~ so that consequently By (2) Y0)

then, Zh—l . __Zh-—2 Zh—3 Y (_ lY‘
V@) I 0 0
V(0)
V) vay -y 0
Vo) V(0)

Bi(z) =
V(h—1) V(h-2) V(h-3)
VO YV N |

Nowlet | VO Vo,V
@ 1 0 0
V(0)
@ Y_@ 1 0

0) V(0)

Ej=
VG—1) vi-2 vi-3
V() V(0) V()
A0 VG- VG-2) V()
V() V(0) V(0) .. V()

forj > 1andletE, = I.
Then,

Bi(Z) = Z Bn-1(z) + -‘-Iz—oth—l
= Z[ZBr-o2) + (I/VOE-2] + 1/V(0) Ea-1
= 72 Bu-2(Z) + 1/V(0) [ Z En-2+En-1]

=Z"'B + l[V(())[Z"'ZEl + Z3E, + ... + En-1].
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Therefore,

h=1

Bi (Z) = V(O 2 Bzl

Next, let Ar = V(r)/V(0), so that

F Ad Az - Y
1 Ay v e Ayt
0 1 v . 4 Aj—z jt1
(—1¥E; = , = (-1) YAE
0 0 SRR EX Ay

Thus, we have the system of equations

j
Y. Ak Ej-x = 0;0,i=.0,
K=o

which can be written in the form

so that

LEZ=VONO.

h—1 h—1

VO 27

Consequently, B, (Z) =

> Zh—l + ¢ 0)’
- 2B (—ht 1) (1VO o

whereE* (n) ) a,Z¢= Y a, Z*,

k=-ow k>n

Therefore, the minimizing function is
h .
et @=( 202 ).v0
i=1

=Z".V().E*(—h + 1) 1/V(0).
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1f we now let 1/V(0) = g(0) = kZ g(k)Z™*, then
=0

h
0.4 (2) = ( Y g(h-K) Z“)V(U) (1)

k=1

Also,
h .
am=— 3, b, V(m + k), and
k=1

2= Z Z h-kVk+mX_,. (12)

m=0 k=1
3. The error of prediction based upon a finite section of the past

2 2
Let Uy = Xh = Xh = J‘ gn* (Z) C(B) de
h 2
ji=1

where @ (n,0) = d,”* e>" V (n,0) .

Then *

2 I
=L
i=1

b (n) |2

b,-"" drj V(n+},0).

-z

It is obvious that 11, is a decreasing function of n and p, = p, where

2

0).Letd, = p, — p, thend, » 0 and n - o

D

We will now study the relationship between &, (n — o) and the spectral
density function C(6).
2
} C(0) do

S

2
&*(2) - g.* (Z)‘ C(6)dd +2Re J(gu (2) - g.*(2) ) 8" ()
C(6)do. (13)

2~ gcn* (Z)

g* (

|
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Since g, *(Z) is the minimizing function, then

J

forallm > 0, and for all complex .
It follows that

2

gw* (Z) + ¢ C—an'mo

C(())d{)af

2 2 - A [ X e

J g.*@2)| codo+|° | c) + 2Res jg* (Z) &> C (0) do

2
;J g*(Z)| C(6)do.
So,

2

e| C(O)+2Ree ng* (Z) e*"m® C(6) d6 > O for all complex
gandm >.0.
Consequently,
J-gm* (Z) e C(6)dO = 0 form > 0. (14)
The corresponding result for the finite predictor is
[g,.*(Z) e?™m0 C(0)df = 0,0< m < n. (15)
Using (15) in (13) we get

_ 2
Oy = J g.*(Z) — 8-> (Z)| C(0)do. (16)

In the following we will assume C(6) to be a positive continuous function
and « > 1, unless otherwise specified. From the first part we ge 0 < M <
COLM; <o0.

-

+ o

Now suppose that C(6) = ¥ C(K) e*™*, and that )

k=-m k>1nl

2

C(K)

= 0(n™7). Then C(0) & { («), where ¢ («) is a Banach Algebra of type B, (10).
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So,

0<0n= ﬁgn* (Z) — g=*(Z)|* C (0) do

o)
.<‘M2 {mgo (17)

Consider the functions

2 @
m =§+ 1

a(m) — a (m)

h(ﬂ) (6) = i a(n’) e—2m'm6
m=0

0

and, H() = ), a(m)e™ ™",

m=0

Let H('l) (9) — Z a(m) e—Zm'mﬂ
m=0

From (14) and (15) we have
h® () e2** C(6) d = C(—h—k),0 < K gn,

H(f) 2™ C(0) df = C(~h—K),0 < K.

v

Therefore,

ﬂ H® (§) — h® (6) ] e2™ C (0) do

— = ﬂ:H"”(O) - H(B):|ez""“’C(6)d9,0€ k<n.

Since C(6) is a positive continuous function, the conditions for theorem
2 in (7) are satisfied and there exist constants K., N,, depending only on C,

. such that

n 231/2 n 231/2
omsenf " 52 [E
m=0 k=0

(H® - H) C(0) K,

Hx

a(m) — a(nm)

S

2

<K,M2‘H""—H

,n >N

M




1.C.,

2 (s 4}
) 'a(m)

m=n+1

J:

a(n,m) — a(m) ZzN.. (18)

m=0

Using (18) in (17) we get

0<dngM2(14+M3) Y [am)|%n > N,.

m=n+1

Since g* (Z) && («), then ‘i | a(m) =07

m=n+1

which implies 6» = o (n™%).
To summarize, we proved the following theorem.

Theorem 2:
If C (6) is a positive continuous function, « > 1, and
If C (0) & («), then 6» = 0 (n79%).
Now suppose that d» = 0 (n"‘). Then,

8 = ﬁg,, @) - g2 @) C(B) g

i | am) |

Z, |a(n m) — a(m) |* + - 2o

> M i ‘]a(m_) > > 0.

m=n+

e

So é» = o (n~% if and only if _ZH | a(m) |* =o (n™?%) if and only if g* (Z) e¢(«).

If we assume that E* (—h+1) 1/V(6) # 0¥, then by the Wiener-Le'vy theorem
we have

1/V(0) = 1/[&’3 (2)/Z"[E* (=h+1) 1/V(6) ]:leé(ot)

Consequently,

C(60) = (d? /| V(0))*) & & («), and we proved the following result.
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Theorem 3:

et C(0) be positive continuous function and « > 1.‘If E* (=h+1)1/V(0)#0
jor all 0, then dn = o (n~?%) if and only if C(0) & ().

Remarks

It is worth noting here that this condition is always true in the lag 1 case
since E* (0) 1/V(0) = 1/V(0) # 0. Also, for large h, this condition will hold
because of the continuity of C (0) and V (0) # 0.

4. The additional error of prediction

Tt is often easier to find the a (m)’s than the a (n, m)’s, so in this section we
will consider the additional error introduced if we use the values { a(m) }5
instead of { a(n,m)}m2o in the finite predictor.

The additional error is given by

An = H 2 (2)|* - |27 (@) IZ}C(B) de

where

(19)

80 =2~ )

m=

a(m)Z™".
0

Then,

An = j\gn(l) - g (@)*CO)do - ﬁg’i‘. (Z) — g (Z)|* C(6) df = A") —n
Theorem 4: ”

"Let C.(6) be a positi i .
it and only if AY =Po : nl\_/g).con inuous function and « > 1. Then C(0) &¢ (&)

To prove this result we will use the formula for A‘Y which is

L ﬁgt (2) - & (D) |* C(0) do

where

0g AW < M2 Zo | a(n,m) — a (m)|*.

Using (18) we get

Og AP MaMs ) |a(m) |~

m=n+1

Now, C(0) ¢ & («) implies that V. b imal
o A‘}.)’ . ;:) 1(e§_a)a (0) & € (¢) which implies that g* (Z) & & (a) ..
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Theorem §:
Let C (V) be a positive continuous function, & > 1, and
E* (=h+1) 1/V(0) # 0. Then,
AR =o(m™% - CO) e ()
To prove this theorem, we sec that since

A(n = ﬁgn(Z) - gﬁ (Z) I C(O) dO,

then
AW > M1 Y |am)|* >o0.
m—n+1
So,

A = 0 (n"%) - g* (Z) e («). Since E* (=h+1) 1/V(6) #0,

then, V(0) ¢ (o) » C(6) & ().
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SHORT NOTE ON THE APPLICATION OF HOCKING AND SMITH'S
PROCEDURE IN SELECTION INDEX ESTIMATION

Abdul Majid H. Al-Nasir*  and ~ Nawal Majid G. Al-Wasiti*
Received, 10th April, 1976

"INTRODUCTION

Practicing statisticians are faced with the task of analyzjng incomp!ete
data, such data may arise by chance or there may be economical or physical

reasons for collecting the data in an incomplete form. i
In 1968 Hocking and Smith® developed a method for estimating the

parameters in a multivariate normal distribution with missing data. .
This research applies the Hocking and Smith technique to the sele;tlon
index problem. Incidently, estimates of phenotypic means and covariance

matrix are also obtained.
Hocking and Smith Technique

Hocking and Smith technique” can be summarized as follows;

1. Group the data according to the missing variates.

2. For each group construct the best unbiased estimates of the parameters
using only the data in that group.

3. Beginning with the estimates obtained for the full data group (i.e,
the group whose observation vector have no missing variates) adjoin

optimally the other estimates sequentially by the addition of linear

combinations of estimates based on the sufficient statistics and having zero
expectation. )

As an illustration of this technique, assume a sample of size n consisting
of n, observations from N, (14,  Z) with likelihood function L, and n, observa-
tions from N, (o1, ,Z),q < p with likelihood function L,. Denote by ,ﬁ,-, 2
pand & ij,ij = 1,..,p the maximum likelihood estimates of the parameters
based on the n, complete observations. Denote by 2H{r, r= 1,.., q and 20T,
r,t = 1,.,q the maximum likelihood estimates of the parameters based only
on the n, g-variate observations. Then the general estimates are:-

Al-Mustansiriyah Journal of Science , Vol. | (1676).



~ q . A
o=l 4 0 0 (i = afly) e (1)

1= Lyaup

A A 9 A ~

Ti=U+ Y 0.(Tn—.T,). (2)
r<l=1 )
Lj=1,.p

By choosing o, and a,, optimally (so as to minimize the variance), equations

(1)and (2) givea niinimum variance unbiased estimates of the desired parameters.
Suppose that we have other observations n3 from N; (3, 3Z), S < p with

likelihood function L. A
) . .
Denoteby 31,1 = 1,..,sand s, 1, t = 1,..,,s, whichare the maximum

likelihood estimate of parameters based only on the nj, s-variate observations.

Then by adjoining this additional information to the estimates obtained
in equations (1) and (2) we get

W=+ ; By —)i=1lmp .. (3)
A~ s ~
T =T + z’: 1 B (T, —6‘,,), ij = 1,..,p... .(4)
r< =

where f3, and B,, are chosen optimally as before.
Selection Index Estimation

The selection index is a well known procedure for grading individuals
in large groups and has been applied to animal breeding programs.
Define '

I;=0X; (5)

where I; is a composite index value associated with the j member of the
population, b is the n x 1 vector of the unknown coefficients denoting the

value of the n traits and X is the n x 1 vector of the phenotypic values (obser-
vations) on the j" member of the population. Following Smith and Pfaffenber-

ger® we let
b=p!Gua 6)

where P is the n x n covariance matrix of phenotypic values, G is the n x n
matrix of genotypic values, and a is the n x 1 vector of economic weights associa-

ted with the n traits.
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Assuming that G and « are known, we obtained the estimate of the vector
j of the phenotypic means by using the technique of Hocking and Smith.
Our procedure can be best illustrated by the following artificial example.

Example

Consider the following situation.

| Traits Xy X
)

/ Observations 9 13
o~ 7 8
11 12

12

8 -

9
13

The data can be divided into three groups.
In group 1, we have n1 = 3 observations on (x1 , X2)
In group 2, we have nz = 2 observations on X1
In group 3, we have n3 = 2 observations on x2

Now, within each group we can obtain the best unbiased estimate of the
parameters.
In Group 1, we have

1‘,&1 9 1011 4
. , - and 1§'12 4
142 1 1012 7

In group 2, we have

In group 3, we have
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To combine the estimate obtained from groups 1 and 2, we use equations
(1) and (2) and obtain

- 94 - 5.32
i = X and oij = 5.32

11.4 8.32

Adjoining the information in group 3 using cquations (3) and (4) we obtain

9.34 5.206
i ) and gij* =] 5.2688
11.26 8.221

Therefore, the final estimates of the phenotypic covariance matrix and
the phenotypic mean vector are given by

~ [521 5.27 A [934
p= , pnd 4=
822 11.26

Let us take the matrix of the genotypic values, and the economic weights
vector as ‘

2 0.7 1
G = and o

3 1

Using equation (6) we estimate

- f019
b =
034

and then, it can be determined from equation(5).

-

CONCLUSION
The estimation procedure developed by Hocking and Smith for the case
of missing data can be extend to other situations if the covariance matrix
required is available for the calculation of the coefficients. In this research
we show that the above technique can be used in the selection index.
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