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ORGANIC CHEMISTRY ¥ 5

3 I " I
- word Yadical although often used in this loose sense, actually means

and possesses as its most charact

eristic feature an unpaired electron thus a methyl radical cH3’ or H, lhese
radicals are very reactive . e.g. nascent hydrogen H' which possesses one electron
in its outer shell this electron tends to pair up with another electron ito form

e.gs H:H which is hydrogen gas or other coftpound.

an asgembly of atoms that behaves as 2z unit

CRGANIC GROUES: The term methyl groupp , as ordinarily employed, refers to
atom in tthe molecule

a CH3 assembly which is covalently bonded to some other

NGMENCLATURE;

ile have theee types of naming the organic compounds :

(1) Lerived name : An organic molecule idg named as & substitmtion product

of the first member of the family to which it belongs . e.g. methyl chloride

CH,C1
3 i
The most highly sub stituted carbon atom 1is considered the carbon atom A
of the patent " methane molecule and the hydrocarbon id named by indicating the
/
groups in order of size which are attached to this carbon atom, '
e.gs. neopentane may be considered to be derived from methane by replacement
of the four Hydrogen atoms by methyl ggogroups and it is theregfore called
Ti "
Tetramethylmethane
Note: The derhved name is always a single name amd no commas or hyphehs are used [L
pary
to separate the groups unless the groups themsel®es require such punctuation. '
(2) To use a common name: we use the name that has no relation to structure \

€ege methgne , acetylene, ..
o R
(3) I.U.C. Name : This is the most important method of naming and it is the

official system of monenclature.

Because so many isomers are found for every molecular formula, and because
of the difficulty of naming thém by the old method (which used the common names)

The international Commission of chemists which met in Geneva Switperland in 1892

studied this problem . Then a system was created for nomenclature and this

system was j;ater improved and extended many times ., Lastly in 19%8 by the inter-
national union of pure and applied chemistry. This method of monenclature 1is calle@-

the ‘s JT.UsF.AeC. or siply the £+ I1.U.C. system.

RULES USED IN I.U+C.NAMING: for open chained alkanes,

1= the compound is named as a derivative of that hydr®carbon which corresponds to
the longest continuous chain of carbon atoms in its formula. ; : »
Do The carbon atoms in this chain are numbered consecutively from one end to the othel

, either right to left or left ot fight , in order to designate the positions of the m

subst,{ituent groups by the smallest possible figures.,

: , _ 'i‘
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Crganic Chemistry p 6
“position of each branching alkyl proup is specified by the number of car

ton atom to which it is bonded in the parent
4L- The n@mber designating the position of each of the various usbstituent,

groups on the main chain is placed before the name of the substitient group in
question and separated from that name by a hyphen .If there are several identical
substituent groups present, their numbers are listed together , commas separate

such numbers and a hyphen (-) is used to seperate the last of the listed numbers
from the appropriate prefix ,di-, tri-, tetra, indicating how many of the identical

substutuent groups are present.
5- The name of the alkane is written as one word with numbers and names of the
substituent groups including the appropriate punctuation, serving as a prefix

to the name of the basic chain . The substituent groups may be listed in alpha-
. betical order ar in the order of increasing size.

i , T3 Example of nomenclature

aesasEnpLn. OF DoUERgaoaRil :
CH, |
N ~Cufl O ACH-
C.3 @ Cha CH CHZBCE CH3 (
=
B CH,
2t

(1) The longest continuous chain is the 7-carbon ., . a chain . Therefore the
basic name is heptane

(2) The heptane chain is numbered consecufively from left to right rather than

vice versa., vhen the heptane chain is numberd from left to right, two ~f the

X

methyl groups , rather than one are joined to the second carbon atom.

i (3) There will be a total of four individual numbers in the final ; name. The

_méthyl groups are located at positions 2,2, and 6 of $he heptane chain and the
: : _ ethyl group is found at position 4. :

(4) The positions and names of the _ ..” /¢ substituents are assembeled in the

form of prefix . _[4{ff/- 2.2.6-trimethyl-4-ethyl

{(5) The complete name

L "
2,2,6-~ trimethyl-4-ethyl heptane

It 1o - -
Occurence of alkanes:

e ' ; ~., DNatural gas and petroleum are mixtures of many hydrocarbons most of which

belong to the alkane series . The different types of hydrocarbons can be sepa-
rated only by fractional distillation into components which have similar

boiling range e.g. the portion that boils between 50and 200 C s gasoline

which s the fuel used for cars.
The part that boils between 200-300 C is keresene which is used in deily life.

L BN
Kerosene or gasoline are mixturés of hydrocarbons which have very close boiling
4 . poants.
% ! some general methods of prepation:
1 (2) By the grignard # ' . reaction : About 1900 Grignard ,French , observed
: thzt a s?lutlon of methyl iodide in absolute ether (ether free from water) , {
reects with metallic Mg and forms an eth er soluble compound , methylmagnesium

iodide CH3 Mgl . It was also found that other halogen derivatibes behaved similarly
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h
C_H_ Mg Brei Y%;lmagnesium bromide
25
02H5Mgl ethylmagnesium iodide
or in general R MgX where R represents any hydrocarbon group
24 " Halogen

(c1,Br,I, rarely F)

Grignard reagent: A compound of th e type RMg X in absolute or dry etasr

ti
; "Grignard reagent
is known as g g

When Grignard reagent reacts with water it gives:

v r L e I
| LHEMgI + HOH et e CH4 *® MgOH
or generally :
RMEX # HOH ———==——===- RH 7 Mg OH
X

If grignard reagent reacted with another molecule of alkyl halide or RX we get

RlgX + R'E ==wewe -=R K* + MgIZ
€<Be
; w O e L = -
CHBMgI + CHB H2 A CH3 CszCH3 + MgI2

II Another method for the preparatiom of alkanes : Reduction of the double

bond in vnsaturated hydrocarbons

CH =CH i H T e i i CH "CH
2 e (catalyst) 3 3

___General properties of alkanes:

| 1- The lowest member of the alkanec series , containing “ £t four or less carbon
atr - .
i it ftan CTmcq .seess gases at room temp.
05»017 v aal bAORIASS B I

C, 8" upwards v.... S0lids as the carlion atoms increase

the densities of the solids increase.

2~ The betiling points of the straight -chained hydrocarbons increase with increcnse -~ o

the numbesr of carbon toms
3. The isomers of the straight -shained hydrocarbons which are branched are lower

boiling points than those of the isomeric normal hydrocarbons
e.g. n pentane b.p 36.2 ©
" isopentane 28

neopentane 9.5 C »

o, e
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Chemical propsritics of alkaness:

The glkanes arce less than arc most clisscs of organic compeunds and for this
reason, have bzen called paraffins(little affinity ) ordinarily, they Treact with
only powsrful reagents or under conditions of high tomperaturc and high pressurc.

Inaectivity with aqueous roagentsi— Mothane and the other members of the alkane series

do not rwact with water solutions of zcids, alkaliss , KinO or other oxidizing
agonts and the usual laboratory reagents. This lack of ac%ivity is associated

gppa{gn;ly with their non-polar charactser. High tempecratures, strongly elzctro-
L e [S

phylic (electron secking )reagents, ot hoth are usually required in order to briag
about any change in tho structurc of the alkane molocule.

Complete Uxidation (combustion) The alkanes burn in air or oxygen with the formation

of 002 and water .

Here all thc C-H bonds zre troken also the C-C bonds are broken and 002 is
formed 1in addition to watexm

CH4 + 202 ——————— 902 - HZU + hoat

2C H, .» + (3n+1 ) 0, ——-— 2nC0, # (2n+¢2) B0 + Hoat

The hea$ generated is very large , that is why methane , bdbutanc , and other
petroleum products are used for heating puposcs and other similar purpodes where
high energy is roquiread.

An insufficient supply of oxygen leads to the production of so00t formaldehyde

(BCEC ) , nd qther products.
Ce o

+ 0

Hg , co,

o + H20 + 241 Kilocalori per mole

C
2 e A
or it is wpitten as 241kcal. /mole

Not. : The quantity of heat lidterated from the burning of difforemi isoperpic alkanes

differ slightiy.

Hulogenation: (or substitftion of a hydrogen ¥y 2 halogen )

The replaccenment of one or mors hydrogen atoms of an alkane by a halogen
ocuurs very slowly ia the dark ,but more rapidly in sunlight , O by artificial
ultraviclet light. (u.v.,)

Ecaction of methane with a halogen leads 1o all four possible prodmots:

He o C et s

VH,, - 12 HC1 + thGl
+ CH2012
- GHGl5
+ CC1,

Primary , Secondary and Torti.ry H droj.nst

grimary or 1° . shon th. H-atom 1is attached to a carbon atom to which
only on¢ other carhon 1is attached <¢.g. in the CH4 herc the hydrogen atoms are i)

also in CHB-CH} here also 3he H arc

Sucondary Hi—atom or 2° H-atom when the H is attached to a .2° garbon ahom

gc.ge OCH,—CH —GH3 herc the carbon atom present in the conter is 2° lecausc
it is at%dce&

to twe oOther carhon atoms. And the H attached t» this carhon is
called 27 H—atom.

10

»
¢
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In"the same way a 3° H-atom is found in  isomyiman= C -
g isobutane o

herc the the C~-H are 3¢

.

boqausa tho ocarwon here is attached to threc C GHS—QH‘¢ CH}
I J

atoms 053

Tha aotivity of 19 m-atom differ foom the 2° and 3°

2® H-atoms ars replacod more rapidly tkan 1° also 3¢ is replavd more rapidly Lav

e e

U

ﬁgohunism of Halogenation of methanes

1- Xnitiation' atage: Consists of the dissociation of meocoular chlorine in’o
/

¢l-atoms . Much wnergy is reeuired = to rapture the covalent bond and this SnoTgy is
supplied when the Chlorin: moleculcs absorbs a quantum of light cnerpgy

C1:01 + radient energy -~ 5 01° (free radical)

2:_2532&522}9n g%a S, A Cl-atoan which requires an clectron to fill its cuter shell
gollides with methane waore it takes up 4 H-atom and displaces & mothyl »radical.

HPE-H e

+ Cl —eppp——=— CH + B-Cl

g frce~radical

The mathyl radieal , in turn upon codlision with a pkleoulc of Chlorin’
displaces a 'C1°* atem with the formation of mgthyl chloride. Thoso staops wan
we popedted until somc reactions rcmeges one or both of the active froe Tadiol s

H c. hv .
2 BT CELC1 + © (The ©C1° and the CHy  an 1104

froo radicals boraut “halr
odd olectron)

3«Psgiple termination rcactions:

2 0 e ©13C1 + ©oONTEY

2033 — C2H6

CH.”
3 01

4+ energy

———— CH3Cl + onoriy

A chain of recaetions is terminatel by combination of the free radical® w4 bhomselm
, usually on the walls of 4he reaction vessel so that the energy liberatew “ho
formation of thé bond may be dissipated , or by the exhaustion of the weac™ X
naterials (sometimes the roaction cannot ko stopped until we get CCl.

Calorinatisn of a compound containing a 3° carbon atom,

Gege isobdutanc

C
H3 & pH CH
0H3-QH—033 & ¢1:Cl ———— CHB_;_éH3 % yﬁz_c_éﬁszL
ol igorutirl Chloride
2  s-parts tortmbuiy s ohiexide Geparts
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in this ®eaction we have 9

| ‘ we 1la also have one

1° hydrogons i.e¢. nine chances for the reaction

mag. M i.ee onc chancd for the reartion

| wo can sce from this that the 3° H—atom rcacts faster than the 1° with thoe ha legen

{ ' Bramination of alkanes
¢ - although less vigourously
o leading to the explosion

procecds in somewhat the samé manner as chlorianation
.Jodinc dous not react while Fluorine reacts very vigourouly
of the rcacting vessel.

eliisnial stop (3) &(4)

Florine may be made to react by dilutineg it with nitrogen and by tke us< of
speeial appara®us which removes the heat of the reaction wery quikly

' Pyrolysis of alkanes: (oraking) When the paraffin hydrocarhons are paaed through tule

St l DRt Loy tubes heated to 5o0o0-80o0 °C , a thermal decomposition (pyrolysis) or craking occurs

whereby the larger hydrocarbon molecules are ovroken into smaller moloculese.
! In an alkane there are two types of bondss (1) the C-C bond and the C H

LG4 : Here the C—C bond is the more casily broken .

The amount of energy required to dissociate a gascous moleoule A:B into the
fragments A° & B° per mole is callcd the bond cnergy . In ethane molcocule
o the C-C bond cnergy is TTe7 Kcal/mole
SLi whereas the C-H " OR.2 &Y

Hence , the pyrolysis rcaction, yielding ¢thylene and H2
to procced by a freoe radical mechanism a8 indicated below:

y may be expexted

(1) CH3:CH3 + heat —m™ 2 CH3

(2) CH, :CH, % CH m——— CH, + CHy —CH,

(3)  CH e UE. = B &

repeat themslves many times

Overall roaction :

‘ CH,—CH RpEeiaie

3 3 0H2=CH2 + H + CH

e 4
we get mainly ethyleno, some CH4 and H2

Pyrolysis of propanc

we get (1) i
23 propylene 2
”?'m at 500°C

o (2)

. sthylene CH
i ethylen + 4

Hws Pyrolysis of octane

octane which is a larger molecule found in petrolcum upon pyrolysis it gives:

upon pyrolysis (1)
o) Cgli6 £ N
s ) 2 C H
4 10 - G4H8

Uty S (3) T e
N N S T = T o )
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In petroleoum refining the oracking process is very im.ortant %o for it makes
possible the production of gazoline from hydrocarbons of lessédr commercial wal
which have higher molecular wt.

]

N g T

Isomerization : Conversion of one isomer into the other , it is of importancu =
) manufa cturc of high quality gazolinc which is uscd as a fuel fo cars ctec..

¢e.gs Conversion of n-butane into isooutane

66 AlBr HBr

CH,-CH,)-Ch, — CH 3,
2 ! 3 - B2 3 pe Isobutane
1 n-butane Trace of alkens
{ Dehydegenation s Alkancs may be converted into alkenbs when passed over e far
J catalysts at temp . of 500-T00°C (the catalyst may be either
Crylo ,V,Titanium )
GH3—0H3 e e CH2=CH2 + H2
CH3—GH2-CH3 : LHB—CH:CHz - H2

propylene
Su59505885 50055505005 355933885555955855553558585
Cycloalkanss : Herc the alkanes form rings of the general formula CnHzn whie"

isomeric with the alkenes which have the same general formula ¢.g.

cyclopropane ;
¥ prop BeDe =34
cyclobutane
. 12

cyclopentane 49.2 *C
cyclohex: % - P
yclohexane 80.8 ete

i

l

o gy A'Iﬁ
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§ UNSATURATEER EYDHOCARBONS  §
Alkcenes or olefins

The slkenes are characterized by the prosense of a double bond between two
WL carbon atems whih is indieated in the .nomenclaturs of these hydrocaruvons
s BT Ly the endinf cne_
- G -
The guneral formula implics that the first member of the family might be CH

msthune , out here the ocarbon atom has two unpaired clectrons i.c. wo have
s o radica. 1l which cannot oxismt as a stable ... ontlty becauss of its valonce s
LES _ . Conscoquently the family begins with ethyloene CH2=CH2

+

£
TLSTHTG

MNomenclature of alksnes 3

et B 1~ common names : The first four have common names othyle ne , propylenc, butylune
= amylene

2-Therc is als6 the derived name c.g. for propylene we o6an a say methyle’hrlen

3= 1UCa System (most important methcd of nomenclaturs )

In applying the I.U.C. system to 1 hydrocarbon that has a doubde “PHd in a side e
chain , the name is sased upon the¢ longust chain that contanis the douvle bond

~Priority in numboring of the carbon atoms is given to the side nearest to the

double btond

OH,-~CH, ~C-CH~CH3

T 3
v ol B vy Soouli "
.
2-Ethyl-3-mcthyl-1-butene R.ire the 1 1-butene means that thse doubls
bond eximt at carbon itom numoer 1

% CHerH-GH2_OH

3 CHz—uHmOH—CH3
-'i ‘_P o -
Beay 2-Butcne
LU Ce Obmmon name
Adthone ethylene
. ' : Propune propylene

A a in common namss, the
butane bu*ylene

: position of thc doubl: bond is
pentene

. o - b Jv o

hexene indicated vy alpha , bei., .
heptene ; instead of 1,2,3,
oetene
nonenu
decune
methylprapena isooutylene
i-Butene alpha~butylone
2=butung beta - bugtylens

sionimanic strusturs of the (alkeness

The two boads are not -idontical in the doubis bond. One of them is er i e
vond cut the second one whi ch asoconsist of a pair of electrons are mowo likoly
to vé found avove and below! the plane defimed vy the two carbon and fousr
hydrogen nuclei ,

[£48

- ‘.J¢‘:/'12‘ék-kﬂ aiﬁ_j' uféi%W*ﬁil¥£\ | . _ g - | . _' Yiovry Yig
.;.__,AW#'W’W . - \\B&\‘J e : _ B
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® Org. Chemistry T 13
‘ ﬂactually in two sausage—-shaped Tregions lying above and below the two carbon nucloi-
]

The lattor pai of glectrons can 0O sttacked more casily than tho ordinary
by electrophylic (slectron-sceking reagnets)

, In a2 molecule containing a double bond, the atoms of the molecule arec somwhat held in
. fixed positions so that rotation of the double bond , though not entircly prohiblied,
but definitely restrictod i.es it is not so casy to rotate

Summery 3

(1-) The double bonds restricts rotatdon ind make possible the eximtence of_ois
, and trans isomers
“ (2 ) In chemical reaotions , the alkones are clectron donors (lowis Bases)

Cig-Trans or geometrical isomcrs - Beoausc of the restrivted rotation at tho doucle
bondjn an alkene molecule Certain alkencs may exfist as two distinet typos of
molecules called cis-trans or geometbrical isomers

cege 2-butene  1is known in twa isomeric modifications

OBy ¢o-m O ~C-E
: ¢ ~CH
cH,  C-E H-C T
Cis=2-~Butenoc
Trans-2~Butene (I.U.C. nomenolature)

In alkanes the rotation around single bonds is casy and very small amount of cnergy 8
is required. whilc here when we have a o double bond, the amounts of energy
required to convert one form to anothor are ordianarily much higher than that
available to thc molecules at room tomp. ( and in the abscnce of irradiation) . Thercfors
those isomers were isolated

Cis-2-puntene trans—-2- pantone ois =1,2yDichloro~1-bmomocthanc

trans mnn LLLLE nn nn

Some general metbods of prepadation 3
(1) Cracking of alkanes
(2) Dehydration (removal of H20) from alsohols by the action of conc, H S0

2774
oonc. H2504
02 H. OH —

D 032-CH2

wthyl alcohol othylene or wo¥hene

Sone general physical properties s

Lthylene is a colourless gas of a ¥ sweotish , slightly soluble in water
. . Pr.opylenems and the threo outylencs are gases 2lso under ardinary conditions

'l i 10 O are liquids

Lo

.~ upwards are solids

‘henieal pro posriles ¢

Sinec th2sc compounds contain a douvle bond, they are vory reactive compared
. +5 the alkanes and try to ssturate the carvon atoms which have the doublo tonds.
]

Sy r’£:ﬁ§i;f€ﬂii1!_- ) | e 48
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1) ©Oxidation :

(a) Combustion: Alkenes burn in air with a luminous flame. The unsaturatiéon of
the molecule results in a greater percentage of carbon in the slkene than
in the alkanes of the same number of carbon atoms , pnd het particles in the
flame produce increasedd luminosity. That is why the flame appears luminous
whereas in the burning of methane or butane we notiee a non-luminous flame
(e.g. flame of a bunsen burner) '

(b) Baeyer test for unsa’turation: Any unsaturated molecule will reduce the
colour of . — a dil. solution of KMnO4 with loss of the purple colour and

the appearence "of a brown ppt of I-'LnO2

: COLD . 2
3 CH,=CH, + 2 KMnQ, = f HIQNse s 3 CH,- CH, + MnO, + 2hCH
Purple L] L] P
solution OF OH browm ppt.

ethylene glycol

This is the first step in oxidation ; if we use hot conc. RMnOJ+ solution ,
complete oxidation to 002 and Mn02 takes place. :

2) Addition of H,: In the presence of pt or Ni catalyst, the olefins add

hydrogen and form paraffins (alkanes) with the evolution of heal

/ Ni catalyst
CH2=CH2 o-Lee . CH, =CHy =+ 31.6 Keal.

3)Additien of Halogens :

OH =EH: AN BrBY | meemsmsoe CH -CH
2 yellow solution 2 & {

Br l
ethylene bromide :

colourless solution

(FZ'Cl add to the alkenes more rapidly than bromine . I, gives a reversible
reaction B
L) Addition eof HBr (here the Br . addds to the carbon atom that has the

the lowest number of hydrogens)
Ch2=CH2 R B L eeemri CH3-CH2 Br

ethyl bromide
5) R Addition of H,S0,

here the 0S0. ,H adds to the

CH2=Cd2 + Hgboq ______ CHB-Cﬁa-OSOBH C atom witi“the lowest numbe
of KWy PO EE a8

ek
e 7~

This is the basis for the removal °~° wneatyratsd  hydrecambesrc S0
6) Polymerization of ethylene

i t
ethylene and other coupo. ' *hat contain a double bond Las the 52%11t¥, o
react with itself or with othas ke e T e aleed med ~AnTOY

polymers (see book , chapter of orgs chemistry)

with more than one double bonds  €:E ealled dieri_

Hote : There are compounds _
a dsuhle bani o

when we have two double bonds , trienes . whon we howe whps

-

o "“R- % -
o
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| FETRCLEUM & FETROCHEMICALS

Fetrol was known for a long time . In ancient history it was used in Iraq
as a building material (Babylnians or Assyrians used bitumen which is one of the
derivatives of petrol for building) . Also some of the Indians of North America
used to collect and sell the oil or petrol ,as it is sometimes called, from the
wells of Fennyselvania. i

No one however seemed to have realized the importance of thiis oil wuntil
it was found that paraffin oil could be made from it . Then when the internal -
combustion machines were invented (e.g. cars , aereplanes ..) , petroleum became

of world wide importance.

Ietrol and its products is not only impottant as a sourzeg¢of fuel and lubricuante
but aj;so as a raw material} i.e. foom it we can ¢t prepare many derivatives
such as plastics , synthétic rubber, drugs , etc...

Origin of petroleum: Natural gas and petrobeum have bemn formed over the cours

of the ages - by the decomposition of organic material of marine origin (sea
plants and animals ) and these decopposition prosucts has accumulated din porous 1¢:-*

formations on earth pockets capped by rock. when a well is drilled through
the cap, natural gas escapes and , for a time , oil may be forced to the surface
by pressure . After the pressure has subsided , the oil mast be pumped out of the we.

It should be noted that the constituents of one oil well may be different from
that of another but all contain saturated hydrocarbons and other products.

Constituents of petroleum:

1- Natural gas: The gas at the wecl head contains not only methane , but also

ethane ,propane, butane, isobutane and vapours of low boiling-point liquids
:pentanes, and hexanes .The hydrocarbons of three or more carbon atoms are
easily liquified by ccoling and compression and are thus removed from the
methane 1 and ethane. Fractional distillation of the liquid so seperated, yields
commercial quantities of propane and the two butanes that are used both as a fuel
and as raw materials to prer: other products .
In addition t¢ the hydrocarbons , natural gas may contain §a§
(compare coal gas which also contains this gas ) also natural gas contains
_Helium, —ﬁé .
H,S must be removed because gases containing it (sour gases ) have a bad odour
also they corrode the apparatus used to transport the gases . \When a gas is
burned and it contains H_ S, ,50 will be formed from the reaction and the rooun
is filled t with this polIsonous gas .

For these reasons H2$ has to be remeved from natural gas .

He which 4is often present to the extent of 1 % or more, is removed by extracting
plants from which the He supply may be obtained.

Natural gas as supplied to house s and used contains :

about 82-87 % methane
6-10 % ethane
1-4%¢ %  propane
1 Je butane
1-8 %  Nitrogen (these quantities might sometimes differ a little

bit )

EEHEQTOR FUELS: The production of motor fuels from petroleum consist of several
steps ¢

1--_fractionation: The first operation in the refining of petroleum is a fractionl

distillation by which the cride oil 4is separated into a series of "fractions "
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or'cuts" haviag different Tu.ses of buiiing point . In the distillation
UTUE e '
process each portion of the distillate is collected between those temperatur:s that
have been found to give w.,ut products best suited to various commercial purposes,.

The fraction that distils between the initial boiling point - T0=°C Petrolsum ether

" 1 n " o 1" " 58-200

“I‘

is gasoline w-iiuu

-t'a L.
"200~-300 °C " Kerosene
11]

" "
above 300 distillate or furnacg
oil

oas oil

light lubricating cil
medium lubricating oil
heavy Ilubricating oil
s ekt e e : at the end oft the distillation , a residue of asphalt
susel e swslondey! lorphEnlledt ohd WL LOLIBTUGY JENLLN 98 SR LI SUO BT el or coke remains in the still
Crude .etroleum is first passed through petroleum refinaries where it is heated a
: o salasar 8 oFn: Bsipgeeass oi Lio sbivs sdé fdoldw ywd rolesllidaib above 400°C most of it is changed +to vapaur then this is passed through the
aaolbtosxd) do  neitss 8 ofogr bedsgegss £f LIo fractionating column where the vapours go up from the lower part of the column.

Here the heaviest vapours condense first (e.g. a fraction which boils at 300°C
will, as the vapours ocool a littles bit, condensc at the lower part of the column
A black residue which is asphalt and tar and sometimes ocioke remains is the still

(stills distilling apparatus) . The lightet rorti.ons of the vapours are passed to

other fractionating +t: : columns where they condense at the temp . listed above
This method is v called " fractional distillation!

I When the heavy lubricating oils are chilled y paraffin wax and vaseline is
depositcd. After the removal of vaseline, and paraffin wax y the lubricating oils
are washed with selective solvents for removal of the sludge forhing materials

Il Desulphurization : Fetroleum distillates often ocontain H.S and other Sulphur
containing materials such as R-SH (mercaptans) whioh have a bSd odaur and cause
corrosion of metallic contai .ners(remember that st is a reducing agent)

The H,S and some of the sulphur derivativ es are .remeved

1l by weashing
with NaOH solution

The remaining sulphur derivatives are convert ed into the odorless ;

hon-corrosive dialk.yl disulphides by treatment with NaQPb02 (sod. plumbite)
in the presence of S

R-SH + NaOH ————w RSHNa + H,O

R-SH + Na2Pb02+Oé J— E-5~5~R + PbS + 2 NaOH

The Na.szO2 is called Doctor's solution and this process is called sweetening

IIT _Cracking and reforming:

The gazoline obtained by distillation of petesleun,

. _ p.S _ i Jbeiw vd aoidstliRde: _oallad "straight -run gazoline" is a pour motor fuel and also is insufficient
Fihoee i o v odnL DOTm ' ; &= p d in amount to meet the demand. Increased quantities of gazo line are gbtained by
the_cracking process (see reactions of alkanes ) by which the larger hydrocarbons

contained in the "gas 0il" are broken into compounds having 5-1o0 carbon atoms per
molecule.

Keforming : 4fter the oracking the product is converted from continous—chain
hydrocarbons to branching structures which have higher value as motor fudls

4 method :Pass gayoline under

pressure rap idly over a catalyst contained in a heated
steel pipes .

The time of contact between the gazoline and the calalyst is 15 seoce.ds

: Catalyst
or stright —chained hydrocarb.ns ——-

h 15 seconds

branched chains

B

— ———
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ating:

non-knoking -

Tests on pure individual hydrocarbons in a motor desighed especially
for the purpose reveal :

That continuous-chain hydrocarbons of branching struoture are relatively

an evaluating system was made : since n-heptane knocks badly it is rated as zero
) while ‘en-octane has a high "antiknock" characteristic
and it is rated as 1oo

If we have a sample of gazoline and we want +to know its qualityi.es its
octane rating, we compare Ii%s antiknocking qualitiss in the test engine with that
of a mixture of the two reference hydrccarbons ( n-heptane and iso-octane)

If the gagoline has the same an*i-knocking value as a mixture of T5% isooctane
and 25% n-heptane, tha® sample of gazoline has an octane rating of 75

Other hydrocarbons has been found recsntly that are worse that n—heptane, whereas
some have been obtained which are better than n-octane. e.g. n-nonane has an
vetane value of -45 while 2,2, 3-trimethylbutane , an octane rating of +116

r . 4 " r o
2l LPan i i o e e R R P S T R T

{y” ¥ i - N e o
e Ty o e B OTROO0TLEN Dol sk w el

i

ERPOO8HE The addition of tetraethyl lead to gasoline gruatly decreases knocking and permits
the use of motors with higher cogpressi~n rativs than would otherwise be possible
The combustion of gazoline containing tetrasthyl lead produce a deposit of oxide
which may roughsn the cylinderwalls ir the engine. Hence ethylene bromide (02H4Br2}
and ethylene chloride along with a red dye are incorporated into the . $hr1l Fluid
gazoline in order to remove lead i. the exhaust gases as lead halide whiech is volat
volatile at the temp. of the combustion of tne fuel.-

Nots 3 _Synthetic fusls: In the time of war y various countries particularly Germany
; have been forced to develop methuds of preparation of synthetic fuuls to
supplement supplies of petroleum products . The raw materials of the synthesis
of fuels have usually been co&l , hydrogen and carbon monoxide.

Fetroleum products other than fucls:

i~ Lyclopropans : used am anesthetic.

2— naphthas * velatile petroleum fractions that are widely used in the dry-cvl
cleaning and varnish industr:es

3~Liquid krarrafin (Jliqui- pe’rolatum) or ui neral oil : made from the fractions
boiling between 330--390°C

It is used in cosmetic creams, Halrdressings, It is also used as a laxative

4-Lubricating _reases : used to lubricate the machines
5—-Petrolatum (-aseline)
?—:araffin wax for making candles , coating papsr
=~ Other derivativis ...

aAw

e, k. oot «2trochemical Industry is beooming mors important every
P .TROCH.IMICALS. =
_ i L day beca:se many products can be mads starting with petroeum
i B SO D b e e, Sl bt L as A raw material ¢.g detergents ;, plastics , synthetic

rubbers ., drugs . sto..

Although petrelem , accumulated in the earth throuzhout the .ages , is of
animal origin, it is usvally s.lassified as a mineral resource and paradoxical

a8 it might se .m , we now obtain .o0st of our organic chemicals from the
mineral kingdem-

N * In the new type of gaz2lins which contain molecudes which has an high
Octane rating , thers ie na mans any u2ed to adl lead tetrasthyl.

VT

s © B RS |\ oriber ~ e
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dAlcohols

! Are derivatibes of hydrocarbons with one or more hydrogens replaced
by CH groups. Thus we can get monohydroxy alcohols when one H is replaced by CH
4lso we can get dihydroxy- and polyhydroxy- alcohols ;

We are concerned here with monohydroxy alcohols.

General methods of c.. nomenclature :

1= I.U.C. As in the alkanes but here the ane is replaced by ols ee«g propancl

C, H,0H

4 2t

here the position of the CH group should be given a number e.g.

~B-cH_0H ca.-88cH
CH,-C-CH, 0 3 "c .

CH3

CH
2-methyl-1-propanol 2—methyl—2~prcpgnul

we shall have " methanecl, ethanol , propanol ...) In propgnod , there are two
isomers 1-propamol and 2-propanol

¢~ There are other type of naming we cqn say methyl alcohol
ethyl alsohod

n-propyl "
isopropyl "
n-butyl o
isobugyiy "
sec~butyl "
tert-Butyl " ,... these are common nz
amyl alcohol
names
isoamyl "
when the chain is longer we use the I.U¥.C systen
Freparation of alcohols:
1- Hydrolysis of alkyl halide:
CHBﬁCHZHI + KOH —————— CH3~CH2~OH + EI
CH, -1 + KOH  ~eeeeeme- CH.I K
3 13 + LRI
2- Hydration of alkenes by the use of H,80,,
HCH
CH,=CH, + Hy80, =mmmmme- CHp CHy=050zH  =mmomen CH5~CH,OH
H

ethyl alcohol

' or ethanol
The unsaturated gases from the cracking stills at oil refinaries provide
large quantities of materials suited to the production of the alcohols b hydration

' ‘Hydration (i.e. addition of a molecule of water to the double bond) can be
J accomplished by the use of acids (ordinarily HZSOQ) .

An alkene by absorption in H,SO , forms an alkyl hydrogen sulphate
which , in turn yields alcohol by hydrolysie.

3~ alcohols by fermentation: Ethanol CZHEOH may be obtained by fermentation of

.

R ) VI TN "
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10ls continued

of glucose :or other sugars

c.H..0 zymase enzyue
61276 = mmemmrmeeeeee > CyHgtH +, CO,
(aq) (aqg) (g)
glucose or fructose

If we have sarch firs® the starch has to be hydrolysed by the use of another
enzyme called diastase:

Diastase maltase

C.H,.O e O R e
f 610 ) + n H20 e e 1 e 1:10,12}{,_.-..0,',.i e 2n C6H1206
n 22
gluso se
Zymase
Z3UCOSE  immmiimnie C,H_.OH + CO (same equation as above)
2 g 2
alcoliol

The alcohol may be separated from the water by fractional distillation where
we get 95.6 % alcohol ( ethyl alcohol is called simply alcohol)

Commercial ethyl alcohol has a concentration of about 95

absolute ,lcohol: Can be obtained by distilling the alcohol with lime (Cal)

Physical properties of alcohols:

Alcohols exhibit H-bonding that is why they have higher boiling ;points than other

| derivatives e.g. methanol has the lowest molecular wt of L all the derivatives of

methane but has the highe st boiling point . "his is due to molecular association
or we can say it is due to H-bonding existing between the molecules.
l Thet is alsc the reason why methanol and ethanol are completely miscible

with water 1n all proportions.

The soblubility of alcohols decreases so rapidly with increasing ..lnutber of .
carbon atoms e.g. n-hexyl alcohol (}611,1 CH dissolves in wyter to the extent
of only 1% et 20C . Hexyl alcohol ana those higher alcohols in the series

consist mairly of a relatively small portion of the molecule. The alcohols
illustratee *re re the rule that like dissole like . Those of low mwmbers are solub
soluble in water ©but the higher members are soluble in organic sélvents only

Chemical properties of alcohols:
As an example of alcohols we take methyl alcohol or methanol

1-Reactions_of alcohols as acids °* meyallic Na added in small pieces to ethanol
reacts with the genile evolution of hydrogen

2 - y . .
I C%B CHZOH + Na 02H5 ONa + H2

sodium methoxide

?he fact that one H-atom in the alcohol molecule can be replaced by ha is
an imp rtznt point in the prcof of the molecular structure of an alcohol.

The paraffin hydrocarbons have no reaction with Na ; hence the H attached to the
Cxygen atom 1is the only one replaced.

3 The alcohols are extremely wegk acids and itheir salts are readily hydrolysed
Y water:

- +
C_H_O Na
275 8 HOH  ———————ee C.H_CH + NaQH

Ta also reacts with methyl alcohol but the resctiom is slower that Na
G —— e —————
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2- Regction of alcohols as bases: The alcohols way act as electron donors (bases)
in reactions with acids or with PCl3

a-reaction with acids : Alcohole react with organic acids such as acetic
acid (CH,CCOH ) also with inorganic acids shch as HCL

)
CZH5CH R T S e e e 02H5Br + HZO
Ethyl bromide
H,COOH ====w==- CH,COO H
02H5CH + C 3C H Czyg 300 02H5 4 20
alcohol acid ethyl acetate ester water

In organic chemistry we have the word ester whenever an alcohol reacts with
an organic acid the product ig called an ester . Here the reaction is reversible

we can easily hydrolyse the ester forued by'the addition of an acid

3. Keaction with phosphprus halides

}13 + ROH ——— RX + H3PO3
€efe PCl3 +302H50H -------- 302H5 Cl £ + H3PC3
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More than half the chemical industries of the united states is based , at
least , in part , upom polymerization processes. 4 large amount of products
ranging from baby bottles to autowobile bodies or motor boats are being
manugactured from plastic materials which = are one type of polyumers

Folymerization: Consists of the chemicah combination of a large number of molecules

of a certain type called monomers, to form a giant molecule called a polymer.

Depolymerization: Is the reverse of polymerization, it is the dissociation of a
giant molecule into n units of monomer by a chemical or thermal process.

Polymeri zation reactions Zccur in living tissue such as the formation or the
building up of cellulose and starch from simple small sugar molecules in plant
cells . Also the process of digestion in the body is a process of depolymerization
stach is broken up into sugars ; Froteins are another type of polymers which are
folind in plants and animals . They are synthesized from awino acids which are
the building units of the proteins . Sowe proteins are also depolymerized in the
stomach into the amino acids and the body makes use of the amino acids 1liberated
to be used as building units in the body (or some amino acids are oxidized furthk-r
to urea and other products where the body gets use of the energy liberated during theu:
reactions..es )

Folymers may be .., mup

1= Linear: MeM=M~M=M=M, . «

where one type of molecule reacts with itself to form long chains ¢« These
glant molecules that sre formed are called _llacromolecules (macro : big )

eeg- of such linear molecules: Folyethylene ; starch

(in polyethylehe the monomer here is ethylene
in starch the monomer here is glucose)

E-Linear Co—POlymeI‘ H w8 L = A=l AT e s e wua

Here we have two small molecules which react together forming long chins e.g

nylon

3~ Vinor cross~linked polymer $ HelimM¥aMalmMali=l=lim  seas
' 1

X pd

' U
}':‘P|'1-IJi-I".""I‘l-I\‘I—I‘i"'J-'i""E‘l-lvi— “ne éa

e.g. of such polymer is vulcanized rubber where X represents -5~ atoms

s

b- Folymer with massive cross- linking e.g. urea-formaldehyde resin which
is a type of plastic which does not breszk easily

It should be pointed out that these are ideal structures . (i) &(2) may
well have branches on the chains and the chains are certainly not ... ... °7 straight

v

There appear to be at least three principal arrangements of linear polymers
(1) 4n extended rod-like arrangements jce.g. polyethylene

In polyethylene, here the polymer is in a rod-like molecules. +‘he rod-like
uolecule§ in polyethylene pack together in an ordered manner(like uncooked
spagettl in a box ) ; and the resulting crystalline polymer resists distortion
when heated to temperatures below the mep. (about 140 C) and also reésists

"N the solvent action of common solvents.
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(2) A randomly coiled arrangemé&t (like a tangled string) e.g. bulyl rubber

The polymer assumes a randohly coiled arrangement , one polyuer chain becoming
intertwined (intermixed ) with other chains .

Thus the attractive forces between the chains are small , and the polymer has a
a fluid deformable character . The - a, idfvisu, AL . molecules can uncoll when
the polymer is pulled and they return to the randomly coiled arrangement when

the stress is remeved . This gives the polymer a rubber- like characteristic

SOME EXAMELES OF FOLYMoRS:

—— T ——— - ——

(a) Nylon: the name nylon has been applied to the plastic polyamide which
may be made from dibasic acids (acids having two COOH groups) and diamines

(molecules having two NH2 groups

Other dibasic acids and diamines yield polyamides in a similar manner and the naw
nylon refers ta the general group of such prnducts rather than to an individual
substance (i.e. there are many types of nylon molg@Mles but all consist of

one general structure)

It is also possible to prepare such polyamides in which different dibasie acid
and various diamines are interspersed in the long 'polyamid® chains

Thus 'nylons' of widely varying properties can be produced.

The long chained molecules hBave a random arrangement in an undrawn nylon-fiber
byt the moleculeS: become oriented into approximatelK parallel positions by

Brawing the fiber to several times its priginal lengt

Mechanism of the reaction taking pahace: In the polymerization reaction a H -atom

in the NH group of the amine combines with the /OH of the COOH group of the

dibasic afid (containing two CCOH groups ) to form water and the two monomers
srelinked together.

then the', process is repeated and we get long polymer chains .Nylon is used to :
make great many things from sheerest hosiery to large gears of uachinary ,

General reactions :

1
HOOC~R-CCOH + Hah—R-HHE —————— ++¢eCO=NH-:~R*+ NH-CO=R-CO=NH=R'=~sss
polyamide
or simply
~CO=-1H~- =NH=CC= -CO=-NH - R

e.g. Nylon-66

HZN-(CHE)G-NHE + HO-CO-(CHZ)A-COOH + HaN-(CHa)G-I\iHZ ----- -~ Polyamide +
H,0
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1ITerylene | (Dacron) It is a polyester ( monomers are terephthalic—eacid and
ethylene glycol) It is a new synthetic fiber. : | ' .
In additi¢n to wrinkle-resisting property, and dimentional stability, it id .
resistent to moths, mildew and abrasion
It is used mainly in clothes.

! III -Flastics: this is another group of polymers.

There are two types of plastics
(1) gggrmnglastic: which are affected by heat. On heating the y lose their ri i 2

o T
.

rigidity because there are no permaneat bonds between the chains and so, on heating

the long molecules will move about and the distance between individual chains will
increase Hence the materinl becomes less rigid and soften readily with small

increases of tempreture , as only small amc. uts of heat energy are required to cvczu.
overcome the wealk attractive forces. Cn cooling the movement becomes less and the
material becomes rigid again.

These materials are thermopl,stic ( softening and hardening are reversible)

(2) Iaermosetting_ This type of plastic is not affedted by heat It is useful

—— e

in many fields of industry. In this type there are multiple crosms~ linkagers

That is why they do not soften when heated or a large amount of energy is

required to break these cross-linkages where the compound decomposes completely
vee MeMaM-M—M-Me  saeae
L 1 1 L] '
4 A A4 4Q A Multiple cross- linking - resists defomation by heat
- e 0w .FL‘E“I“].-M‘M-M- *a e

Examples of plastics :

---------- i {Styrene undergoes linear polymerization yielding the thermoplastic
polystyrene ( affected by heat).
To decrease the themoplatic cheracter another compound is added to it in
very low concentration such as divinyl benzene ; this is added in small conegrtrativa
with the styrene prior (before) to polymerizathdion . This results in the formation
of crossll- linkages between the polystyrene units.
Uses: Folystyrene is widely used for rigid insulation and for molded articles . 1

It is not affected by water that is why it is also used in bath materials

IT - Eﬁrspex ( It is methyl methacrylate polymer )

This type of plastic is hard and clear as glass . It is used for making
optically clear plates and b}locks, lenses and machinable castings and forus
It is a colourless transparent plastic which is sold under the trade
name of ' Ferspex !
The polymer is of linear character; Cross-linkages between the linear
chains are almost non-existent ; hence the polymer belongs the te the thermoplastis

group and softens whién heated : it may thus be reshaped as desired.

Note: Some polymers are decomposed by heat , others by chemical reagents

Cther types of polymers : Carbohydrates ., Froteins, Silicones ...
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1- Lnoose lox;est contin.,uous chain which contain the double bond

2~ Instead of using the word alkane we use the word alkene 3i.e. the name should
end with ene e.g. Butene

3- The numbering of the chain is from the side which gives the double bonds the

smaller mumber.
L~ The double bond is nawmed with the smaller number of the carbon atoms which form the

the double bond.
5~ Side chains are named as in the alkanes g B

e.g. CH 3 2
s CH
2-methyl~1-butene L 3-methyl-1-butene

<
v

2:?—CH2-CH CH =C_C—CH3

CH3-0H=C-CH3
y 2-methyl-2-butene
CH3

Folymerization of ethylene: Folymerization means a condensation reaction where
a small molecules condense forming molecules of very large molecular wt.

e.g. ethylene polymerizes in acid medium p forming polyethylene :

R CH :CH
- d 2% L
CHy=CH, - watimmme Ciigm & Hy ~=mnfomni-
doible bond is opened
CH2=CH2 +
wa N , CH,~CH,~=. (CH,~CH,) = CH_-CH
CHy~CHBCH, ~CH,-8 H,  =memcomemmnee G - 27S%2% 2772
4}
= B

CH; ~CH, - (cCH2~CH2)n—CH=CH2

polyethylene

This polymer is a very important plastic.



«Cateulations basadfhpon such bombardment exp. as have bggn described, sheowed
that whirces atomic redu are usually of the order of 107" cm, the nuclu of the

atoms Are of the order of only 10-12 - 10-13 em in radius. On the basis the
volufie of the atom is greater than that of the atom 1012 times.

From caleulations based upon additional data from this saue scries of
cxp. Rutherford showed that the number of positive charges on the nuclcus of
an atom is at least in many cases scmewhere near one = half the =atomic weight
of'the element. The number representing the position of an element in the
periocdic system allowances having made for vacant spaces had previously been
given the Bame atomic number. ficne in many cases this number is about one
half the atomic weight. Van de Brock made the suggestion in 1913 the atomic
nuuber of an element ie equal to the number of positive charges on the nucleus
of its atom. This hypothesis was soon confirmed by British Physicit Mosely.

Mosely stowed that by bombarding elements with cathode rays, X - rays of
charccteristic wavelength are emitted, If the square roots of the freouvescies
of these waves are plotted against the "atomic.number"” straight lincs are
obtoined., The importance of this work was that it gave precision to the idea of
atomic number which represents the order of the element in the Periodic table.

Mosely's Law established the conception that each elecment difﬂpré from
the preceding one in the table by one nuclear charge & hence by onc clectron,

THE NUCLEUS
Fositive rays =~

In 1886 Goldstein found that in a tube having a perforated disc as
cathode, if the pressure is not too low, ceclored rays may be secen to emerge
from the side of the cathode opposite to the anode. It thus ap.cars that thcee
luninous rays move toward the cathode rather than in the oprosite direction;
2nd that they must therefore c"nsiétOf positively rather than ncgatively charged
particles, Moreover, studies of these particles by methods beyond our scope
indicate that they are not all identical in nature; unlike thc electrons which
uelke up cathéde rays these positive particles have charges and masscs which
vary that where as the cathode rays actually start from the cathodc these
nositive rays originate in the space between the two electrodes. Thesc facts
support the now well established view that these positive rays consist of the
nositive residues or ions which are left when one or more of the clectrons are
% nocled out of an atom or molecule of a gas in the tube by the strecem cof
clectron from the cathode. The study of such positive rays has becn of pr&found
importance in the development of the theory of the structure of the atom.

By the use of methcds similar to those prevhously employed in the study
of cathode ray particles, the ratio of charge to massle:m) was dcteruined for
the particles constituting the positive rays obtained with various rc¢sidual
gases in the discharge tube. The largest value of e:m for any positive ray
porticle was that found when hydrogen was used in the tube, This mcans, of courss,
that if we assume the charge (e) to have the same value in each casc, the mass (m)
of the positive ray particle obtained in the hydrogen tube is less than that
for any other gas. Careful study has shown that such is indeced thc case, and
that this positive particle is one of the fundémental particles of matters. Ite
charge is cqual in magnitude but opposite in sign to that of the :zlcctron, and
its mass in 1836 times that of the electron or 1.0073 atomic weight unitss this
special type of particle has been given the name proton . The simplcst of all
atoms, the hydrogen atom, consists of a prcton and an electron.

CONTINUED P.5
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THE NEWTRON & NUCLEAR STRUCTURI
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With the single exception of the isotope of hydrogen having a mass
of 1, all the atoms have more units of mass than of positive charge in L
their ruzluit is therefore evident that the nueclu of these atoms must
contain fundemental particles other than protones and in 1932 the ¥
English physicist.J. Chadwick discovered a third type of fundamental l
subatomic, He was able to show that the highly penetrating radi.’' “on |
emitted by metallie berylium under bombardment by alpha particles ,
consists of streams of particles having a mass of approximately 1 atomic ’
weight unit (1.0087 a.w.n) and carrying no charge. This type of parficle
was given the name neutron . Although the internal structure of the |
~tomic nucleus still remains a good deal of = mystery, the hypothesis '
that it is composed of protons and neutrons is now fairly generally d \
accepted. £t is accordingly assuned that an atom of approximate atomic
weight (mass number) A and atomic number Z has a nucleus composed of Z
protons and A-Z neutrons. According to this véew, the nucleus of the
isotope of lithuim of mass nuwber 7 consists of 3 protons and L neutrons,
while the isotope of hydrogen of mass number 1 has a nucleus consisting
of 1 proton only, whereas the isotope of hydrogen having a mass number W
2 has 1 proton and 1 neutroniin .the its nucleus. Thus we see that the :
nuclu of different isotopes of a given element differ onlyin the number
of neutrons they contain; the nuclu of all isotopes of a given element
have the same number of protons. (the same positive charge) and the
atomes therefore have the same chemical properties.

20SITRON

American physicist.C.D.A.nderson discovered in 1932 that when cosmic
rays a form of electromagnetic radiation apparently originating in
interstellar space and having very great penetrating power, were allowed
to paes through a sheet of lead, two types of particles were obtained.
L'rom the photographs of the tracks they produced in a cloud chamber under
the influence of a strong magnetic field, it was shown that one of these
types was the negative electron with which we are familiar. The other tyre

was soon shown to have the same mass as the electron and the same smount
of charge, the g¢harge in this case is positive, however,and these
particles were named positrons.

More recent research on cosmic rays suggests the existence of other
nuclear particles and in particular a meson. This has a mass of about 100
times that of the electron and may be positively or negatively charged
or uncharged.

Another nuclear particle is the neutrino which has no charge and
oratically no mass.

THE PERIODIC CLASSIFICATION

The first classification of elements depends upon the difference
in the physical and chemical pronerties, classified as metals and non -
netals. It was found that this classification is not sharp. Tries were
ade to classify elements in amall groups depending on the similarity
of chemical properties and its relation with the atomic weight.

ik TRIPLEL CLASSIFICATION

Dobereiner ( a Gemman Scientist in 1829) found that elements that
“re chemically similar can be classified ingroups of three elements.
~hen the atomic weight of one of the three elements. When the atomic
Jeight of one of the three elements in any given group is equal to the
rithematical mean of the weights of the two other elements. Such a
croup is Li (70 Na (23) K (39% "

g0 that -Na =11 + K = 7 + 39 = 25
SR 5
also C1 (35.5) Br (80) I (1265)

Br =Cl +1 = 35.5 + 126.5 80
2 2

Continued p. 6.
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>, The atom consists of (i) the nucleue 2t the centre (ii) and system
of electrons in motion outside the nucleus. The mass of the atom is entirely
concentrated in the nucleas, the volume of the atom is the volume which contains
all the moving electrons.

THE ELECTRON

-~
AN

One of the most important steps in the development of the theory of
atomic structure was the discovery of the electron and the determination cf its
charecteristics. The first experimental evidence that electrical charge is not

a continuous flufd but made up of discrete particles was obtained.in 1833 by
Micheal jaraday in his studies of the conduction of an electric currcnt by
solutions of various substances. It was Stony 1874 and Helmholtz 1631 who first
clecarly understood their theoratical significance and stated the principle

of the atomic nature of electricity in 1891 Btoney proposcd the nauc clectron
for the elementry unit of electric charge.

0f 21l the studies involving the electron none has becn more fruitful

than those concerning the rays which emanate frop the cathode (the negative electrod

when an clectric discharge is passed through a tube containing a gas at low

pressure and hence are known as cathode rays. At ordinary pressurcs gases are
extremely poor conductors of electricity and a very high voltage is therefore
required to produce a discharge through a gas between two clectrodes under

o

thesce conditions. 27 ° : ' - v

. If the pressure of the gas in the tube is deccreased however the
conductivity rises rapidly. When the pressure has been reduced to the range of
0,01 to 0,001 mm Hg, the tube is filled with an invishle radiatioi, the presence
of which is indicated by the fluorescence produced where it strikcs the walls

of the tube er a fluorescent screen placed in the tube.

boiosAb g

The invisible rays have the following properties:

1, These rays proceced in straight lines from the cathode indicated by
the faet that an opaque object in the tube causes® sharply defined Bhadow iR

khe Ftldrescemt at the end of the tube apposite the cathode.

2. These rays have a mass., If a small paddle wheel is placcd properly
suspended in the path of a thin beam of the rays, then impact on the wheel
causes it to rotate.

3, They are deflected by an electric field.
4, There are deflected by a magnetic field.

All of these properties as well as may others indicate that cathode
rays are composed of negatively changed particles of appreciable mass. When it
became apparent that these particles are identical with the clementary particles
of electricity postulated by Stoney, they were called electronc. It is important
to note that the nature of these cathode ray particles is indepcndent both of th2
gatuze of the metal used for cathode and of the nature of the residual gas in
he tube.

Metals have a tendency to emit electrons under the influence of
dectromagnetic radiation, this phenomenon g~ known as the photoelectric effect.
Only a few of the metals show this effect under the action of visible light
but many more exhibit it when jrradiated with electromagnetic rqdioation of
shorter wave length and hcnce higher energy such ultraviolet light.

THE CHARCE MASS OF THE ELECTRON

The ratio of the charge on an electron to its mass was determined in
1897 by English J$J.Thomson by investigation of the behavior of the beams of
elcctrons in electric and magnetic field. Such a calculation is possible
because the extent tp which a beam of electrons is deflectcd under these ]
conditions depends upon the charge on the electron, its mass and the velocity
whth which the electron is moving. The most recent work ingicates that the
ratic of the charge to mass of the electron is 14759 x 10 coulom/gnm =
irrespective of the source of electrons.: * " CONTINUED 3. i 3
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Mr/Miss 's Class Record
Marks for Courses in Progress are bracketted,
Current Subjects for whicoh no marks are available
at present are marked (x).

Marks for subjects marked (na) are not available
to this School.

1

School : Frank Iny Shamash
Forms Intermediate Secondary
School. School. Average
Prep. | 1st| 2nd | 3rd | 4th | 5th Number of
quivalent ! P.G periods
to Ameri- | 7th 8th! 9th | 10th | 11tH 12th s - per week
iork g
\ can Grades in the
Subjects Years 19 19 19 19 19 19 different
Attended {19 19 19 19 19 19 years.
No.of years
i done in |
each form
1 ‘ Dimenke Baccar- [Bacca-
. laur-| laur-
| eate eate
b Exam. Fxan.
ﬂ- 1st.

] Semes~
Lo ter.

_Arabic Language 6 periods
_English Language &0

s French Language g

<! Bible 3 2 M

~ Arithmetic % n

Arithmetic with Algebra 3 )

Elementary Algebra 3 "
.Plane, Geometry 3 N
TGenmeral Math. (Arith.

Algebra & Plane Geometry) 7 M
“Arithmetic with Tiig. 3 N
“TAlgebra with Trig. 6 "
TSolid Geometry 5 N

maLtuwal Science L "

Biolcgy M

Hygiene [

—t

Zoology & Botany

Physics with Chemistry

Physics

Chemistry

Civics

carere LA S5

Status of Iragq

Ancient History

Islamic History

Modern European History

Geography

Social Sciences (Civics,
History & Geography).

Arabic-English Translation
with Islamic History.

Economics

Eﬂé[lsﬁ Eang‘%ge & Lorrespondence

rcial L

“Business Methods

~Bupfness Methods & Commercial Lgﬁ
~BOOR=-KEeeping & z

o SN PN O NN 0 PN rofroiro| = Fpafanpoinoto

jEgial _feograpny !
ge mark in all subjects
[=}

udents in class

A‘E%l—m class : .
ng mar rawing 1s opcional) { :

II‘N
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Other Examinations passed bythe above candidate:

1. Iraq State Baccalaureate Examination for Primary Education,in June/
i and September 19 , passing with distinction and/ranking 1st, Lth.etc.
: among 20, 28, etc. candidates from Frank Iny Primary School/or
3 w Menahem Daniel Primary School/or School in Baghdad. This
I examination is, in standard, equivalent roughly to the Common
% Entrance Examination of the English Schools or to grade 7 of the
‘American Schools.
¥ 2. Certificat d'Etudes Primaires Examination, conducted in Baghdad by
a special commission from the Lebanon, in May 19 y
4 ranking 1st, 3rd, etc. among 20,28, candidates from
/ ? Frank Iny School and 4th, 6th, etc. among candidates
ﬁ 4 from all Schools in Baghdad.
3, cCambridge University Lower Certificate Examination in English for
overseas students, in June/Decemberid , ranking among
% candidates from Frank Iny School.
W 4, Brevet Elementaire Examination in French, Literary Section,/ or
o Scientific Section, conducted in Baghdad by a special Commission
\ g, ' from the Lebanon, in May 19 , ranking amnong candidates
‘f i from Frank Iny School and among candidates from all Schools
] " j in Baghdad.
N ‘r 5. 1Irag State Baccalaureate Examination for Intermediate Education, in
x‘ June/and September 19 ranking among candidates from
‘ 3 Frank Iny School and among candidates from all Schools in
@ o ‘. Baghdad/or Iraq.
€ 6. Iraq State Entrance Examination to the Fourth Secondary Form, Scienti-
t fic Section, in Mathematics, Physics and Chemistry, in June/and
.- September 19 , ranking among candidates from Frank Iny
}“ School and among candidates from all Schools in Baghdad/or
Irag. His or her marks in this examination were as follows:
| seceasesesd in Mathematics.,
;Qﬁ s ssanisessds i Physics & Chemistry.
. ‘ 7. London University General Certificate of Education Examination in the
\ following subjects:
i £l %Mark or Grade obtained Subject Level Date
{ - Classical Arabic Advanced June/Nov./Jan 19
t (Arabic was Ordinary
8 originally sat at
- (A) level)
! B - (Oral) French Advanced June/Nov.Jdan.19
i : (French was Ordinary
y originally sat at
1 (A) level).
1 - English Language Advanced June/Nov.Jan.19
1 Ordinary
- English Literature Advanced June/Nov.Jan.19
‘ 4 Ordinary
{j - Pure Mathematics Advanced June/Nov.Jan.19
| i Ordinary
| \' - Applied Mathematics Advanced June/Nov.Jan.19
Ordinary
| \ = Physics Advanced June/Nov.Jan.19
y Ordinary
i - Chemistry Advanced June/Nov.Jan.19
Ordinary
Lo - Additional Mafematics Ordinary June/Nov.Jan.19
,' Y .»% E Further Mathenmntics Advanced June/Nov.Jan.19
| ot
- e R
1 e O, - . e Steme



FRANK INY SCHOOL
& SHAMASH SECONDARY SCHOOL

Pl

Date: 7 7

Note:1. Highest mark in both ordinary and advanced level subjects
is 100. Lowest passing mark in ordinary level subjects is 45.
Lowest passing mark in advanced level subjects is Lo. Marks
from 30 to 39 inclusive in the advanced level subjects are
considered a pass at the ordinary level.

Note 2: Highest grade in both ordinary and advanced level subjects el
Lowest pessing grade in ordinary level, as wekl as advanced
level subiscts is 6. Grades 7 & 8 in advanced level subjects
are considesred a pass at the ordinary level.

Note 3: Gradec L, B, C, D, E and O are grades of pass in descending
or“er of merit for ordinary level subjects. For advanced
level subiects, Grades L to E are passing grades in order
of merit. Grade O in advanced level subjects, is considered
a y»=ss at the ordinary level.

The above shod:nt took the Scholastic Aptitute Test and the Achieve-

ment Tests @iven by the Collece Entrance Examination Board of Box 592,

Princeton, iI':v Jersey, U.S.A., administered by their examination

centre in Laghdad in lferch/December/February/May 19 . His or/her

marks in these Test were as follows:

Scholastic Aptitute Test (SAT) Achievement Tests

Verbal tiathsmatical English Advanced Physics Chemist-
Math. Ty

800 800 800 800 800 800

Note: Highest mark is 800, Lowest mark is 200.

The above cariiirts Fas slso passed the Iraq State Baccalaureate
Examinaticn for Sccondary Education, Scientific/Commercial/SectiOn,
in June/Sepherbesr 19 ranking anong candidates from
Shamasy Sccondars Uchool and among candidates from all
Schools in Baghi:d/iraq.

He/She is now zligible for entry inte any higher institute of
University st-ndard in Iraq . or . He/She is now eligible for entry
into the Collese of Conimcrce or the School of Economics or the
College of Literciure of the University of Baghdad.

In additior %tc the above, Ur/lfiss
sat or will be sitting in January 19 or in June 19 for the
London University G.C.E. Examinations in Physics, etc.

at the ordinary level and in English Literature

at the Advanced level. The results of these examinations are expected
to be announced by ihe British Council in Baghdad, sometime in the
first halrf of next October/April. The above candidate has high hopes
of passing in all of them.

Prior to his/her joining Frank Iny Intermediate/Primary School
in October 19 ; the above candidate/Mr/Miss
did six/seven or years of Primary Schooling at/the old-
established Alliance School in Baghdad which was united with Frank
Iny Primary School in October 1951,/or/Frank Iny Primary School,/or/
Menaher Daniel Primary Schocl.

(cont*d.p.'5)
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While in Frank Iny School and Shamash Secondary School, both
of which are under the same administration, the above candidate
distinguished himself/herself as a brilliant student of very good
character,/or/was always diligent and of good character. For more
than one academic year/or/ During the academic years October 19 -
L June 19 s the above candidate was appointed by the School as
‘ﬁ the monitor of his/her class. On more than one occasion during the

' different stages of his/her studies in these twc schools, he/she
was chosen by his/her classmates as the exemplary student of his/
her class, and was accordingly awarded‘a prize by the school. He/

' She also won many/or/other school prizes in different years/ or
i He/She also won school prizes on different occasions for excellence
in his/her academic work.,

His/Her/hobbies at School were sports: mainly swimming or
tennis/or/basket ball, social service and dramatics. At one time he/
she was an active member of the Schocl's Bulletin Committee.

At present Mr/Miss

is attending the Fifth/Fourth Form of Shamash Secondary School/Third

Form of Frank Iny Intermediate School, and is doing extremely well/

or and is making good progress. In June 19 he/she will be sitting

the Iraq State Paccalaurcate Examination for Secondary Education,

Scientific Section/Commercial Section. To judge by his/her Secondary

School record, he/she should be able to pass this examinition with

distinetion/satisfactorily/ or in due course, or he/she stands a

good chance of passing this examination. He/She will then be

eligible for entry into any higher institute of University Standard

in Iraq, or and in case of passing, he/she will then be eligible

for entry into/any higher institute of University standard in Irag/
= The College of Commerce or the School of Economics or the College

of Literature of the University of Baghdad.

Mr./Miss is physically and
mentally quite fit. I recommend him/her for/admission/higher

= ;// R\ studies to any University &broad as an excellent candidate/or
F AR D S without reserve/ or as a fairly good candidate.
- v
4 Mr/Miss is supplied with
this certificate at his/her own request.
Should Mr/Miss be admitted to an
\ institute of University Standard, he/she might be able to pull
\ * along successfully.

: :
g A.S..OBADILAH,
for Principal.
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TO WHOM IT MAY CONCERN

This is to certify that Mr/Miss/
sat successfully the Iraq State Baccalaureate Examination,/Scientific
Section,/ Commercial Section,/ in June this year, 196 , having obtained
the following marks in the different subjects:

i s = o TP

Subject Mark! Marking System followed in
the Baccalaureate Examinations
for Secondary Education:

Arabic Language..esaess P S 1. Maximum mark is: 100

2. Minimum passing mark in
each subject is: 50.

B gl sl NG NB T se s cvs s s sideids sinis
BOH T G GO OMETIITA | o sis a vialsie visevainisies ainta

BE Ay 8 ZO0NOEY s sias s-ab s in masiaaios s 3. Honour mark in each subject ;
is 85-upward. |

Algebra & Trlgv ® 8 9 8 00800 Ee 008 L0 0008 'LI'. Average mark in all‘ Subjects’

qualifying for admission to
the University of Baghdad
is: 67- upward.

NI B COR e el i ok 4 bis 5 e aleinie ke eeie e

BHYELCE " o voaisie ainis sisin #0070 o siniaraca sias ais o

Arabic Languag€ssccssarssssscvsessses
English Language & Correspondence...
Business Methods & Commercial Law...
Gonmercial Arithiiebiic. wew s wmissesisss v
Gommercial GeograDhy ss e vevisese seas
Book-keeping & Accountancy,ceessscos

IO GTEOMAT BN T8 5 o o alatin s 4 alls lv et u o sisisbiel 4aia) &

7 | o bal lout of ( N e el o .
7l

!; RO of students in clasB...ees cseenivs

’ﬁx Average mark in all subjects.eceeca.
e Benlcl of student An claEBe. see cos annrs

o am = S W TR e S W A s e ey T N T A e = W W S am e s e e W W g e R W e e

,

While in Shamash Secondary School, Mr/Miss/
was always diligent and of good chargcter/ distinguished himself/herself/
+as a brilliant student of good character. His/Her punctuality in attending
this school is noteworthy..

_ I recommend him/her for admission to any university abroad/for
. higher studies abroad as a fairly good/ as an excellent/ as a fair
‘}@ﬂndidate.

He/She is supplied with this certificate at his/her/own request.

A.S. Obadiah,
Principal.

o
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PEYSICS

Introduction :~ We live in a world full of natural phenomena which glways
repeat themselves before us affecting either our senses of hearing or our sense
of sight, or our sense of touch, etc.... . Man since the very primitive ages,
could not but try to find explanation to those phenomena. Living beings, ani-
mals & plants, for example afford a good souyce Uf observation and a subject
for study to the biologists. Similarly phusists and chemists are engaged tu
present explanations to the different phenomena that take.place on matter, such
explanations that can be accepted by the human mind; and thereupon to make use
of these inferences in our practical life, to construct machines, to make medi-
cine, etc.ss... for man's good.

But Physics is that science which is to give scientific answers to such
questions as the following :-

Why does a falling body move wiht an increasing speed ?

Why duves an aeroplane fly ?

Why does a stick seem broken when part of it is immersed in water ?
Why does a boat float =»'.'le a stone sinks ?

How does an electric bell ring ?

How does a wireless-set (Radio) operate ? €tCececescs

The answers to these questions and the like come under the science of
Physics; or in other words, Physics deals with the behaviour of matter when it
is under the effest of external force.

Importance of Physics: The study of Physics is the story of man's sléw
release from the ignorance, fear and superstition that surrounded and engulfed
him in former times; and his gradual development of the conviction that he him-
self can understand and in which he can, to some extent, control the world and
his destiny.

The study of Physics is indeed of enormous practical importance for the
daily life of every man. It, at the same time, goes far beyond this. It has
taught man not to fear his surroundings but by understanding them to control
them, It has taught him that by scientifically examining his superstition he
can banish his fears. And what does this scientific method involve ? It in-
volves refusing to conduct our lives according to prejudice, emotion, whim, or
superstition. It involves that we do not give judgement until we know all the
facts. There is no study that gives a better training in the use of the scien-
tific method that the study of the elements of Physics.

Properties of Matter :- Matter is anything that occupies space and has
weight; and generally has the following properties :-

(a) It occupies space.
(b) It cannot be destroyed.

(¢) It can be divided to a limited cxtent. For instance, if you take a piece
of brick, and start crushing it, yov will be able to make it into small
particles like powder. If you go on crushing these small particles, you
will reach a stage when you will no longer be able to crush the particles
any further.

(d) It can be found in different forms, or states, such as solids, liquids &
gases, Examples :~ iron, water, & oxygen rcspectively.

(e) Matter usually affects one or more of our senses. Examples :-
The table affects our sight.
Chlorine affects our sense of smell.
The wind affects our sense of touch.

Three states of matter :- We stated above that matter can be found in dif-
ferent states, and these are as follows :-

Solids: These have definite size and shapes, e.g.: The black board.

Liquids: These have definite volumes but have variable shapes, they will
have the same shape as the shape of the vessel in which they are
contained, e.g.: water.

(cont'd. P.Z)ooooovoo
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: bt . . ' . ; ; Gases; These have variable volumes and shapes. €.g. Air. They will always
NANLE RALDW sBReBORORY IAIUISR AAML LA : v & wi SOLYSHDOTIEL have the same volume and shape of the space they fill,
BR98E TP Yo JuLresd To ss2ned Tpo weddis Wol 4 ] £o ARV ISBMYN J0oqer o
ySORP R Iia gy L -l e i e ke 20 gt o S (digte | { A uatter can be changed from one state to another. Fopr imstance, if we heat a
we ITIY “.' - 04 .., ] ':L'-.--.J JBUBMOO b 3o ‘ i b} ot =3 _ ot hipot piOCO o Tao (SOl’id), it will chang.@ into water (1iquid). And if we heat the
ool el AF;I?:U ; oY TN S wEeman Ton ruEhn _ ' water thus formed it will start to boil and change in to vapour (gas).
| R w8 mdntbes . brs Bia 0] [ i ' e 13 y A
PRUSCAR D0 GAR.UE-WENS GRS SEEBDINGE 3 - " & to.Ldwie $asasg : We give the following names to the fifferent changes that take plcce on
AsE 0F saquetads bas jhaln asmyd add S B b - _ L the statc of the matter.
~Ih fan ot Jsankdosm Fouvisngs oF o3 i [ wuo -l Lo aaany Us
sis e DD L OIRE ’. 1. Melting: When a body changes from the solid state to the liquid state.
S aftitaslse ovim o L L ¥ 2T - ceytd Juf ' 2., Freezing : When a body changes from the solid state to the liquid state to
(e ; e ke ¢ the solid state. It is just the opposite of Melting.
%. Vaporization: When a body changes from the liquid state to the gascous state.
pd _ L+ Condensation: When a body changes from the gaseous state to the liquicd state.
3 T et 4 R . - ' It ic just the oprosite of vaporization.
'\& If you consider a piece of ice heated on a fire, you will have the
‘ ‘. following changes in order: Melting and Vaporization, but if you consider some
s rapour cooled down, you will have the following changes in order: Condensation
i \ and Freezing.
v 1 3 J LW M i [ ’
ol MEASUREMENT
' 4 o L . . . M Ve i "l. - ia . ]
ys bues bebouotins S tiianoque bas taal ,9908%OR%L ani MORT sasslet wd In our daily-life we always come across such problems; what is the length
SEFaEvHEes o1 o o¥a Favadh I bl Bl i@ ¥ damteY xl , of a room? What is the weight of a certain body? How long did somec one live?
3 : i i o % f J In order to overcome these difficulties we must find certain means to give
Jakdac Ea clear answers to the above questions. This means is the.adoptation of Mcasurement,
Measurement is therefore the finding of units for lemgth , mass and time.
v l l There are two systems for Measurement.
s s o s b e W OES SRR BURTRERINE SR 1. The British System: Which is adopted mainly in England and in the
' (BRSNS, 5 SVERNLY Foo3 . : ] 100 07 BaLw o, : Dominions.
: ; s { wy by o . =
; 3 D %f fie Units of Length: The British Unit of length is the foot (ft).
=z
. 1 \ % feet (ft) = 1 yard (md)
qEODD 3 : er _ ~3 zeiduM 1o msiizeqoad 1760 yards (yds) or 5280 ft = 1 mile.
1 BNIINADEG BRAROT ' e Sl e Led 1 ft. = 1 inch.
o : # i ] 1 i 2
b Unit of Mass :-
d ; 4 E wt ; s doked ' The British unit of mass is called the pound (1b).
. r ' CESReS 2240 1bs = 1 ton.
f c. Units of Time:-
- : ' The Unit of Time in the British System is the second.
: 60 seconds = 1 minute
Faad ol 60 minutes = 1 hour.
#o Bdoaiis BEiw onl Z.  The Metric System:-
: @ : M 3 SIS This system is used in France and other parts of Europe., It is more
widely used than the British systemn.
; s a- Units of Length: The unit of length is called the metre which is
. equal to il of the circumference of the Globe at the Equator.
. : 40,000,000
Continued. e _3.
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2~' i Lre le~imatre (drm)
5 °f 2 netre ‘= 1 decimeive (drm

1 " o - TR .
?Bf“of a nmetre » 4 centimetra (on)
WE%B“f a rtetre = % millimetr {ma)
10 metres = 1 decamelrs
100 Y = 1 hectometre
J00Q ¥ = 1 kilometre

1, Units of Viulgist s--
The unit of wedah® s ~2dled the Gran fem) which is the weight of 1 cubic

m of disi-.lled wated at R (Centigrade)
1000 gm = 1 kilogreu (kg)

W N gm = 7 milligran (mgm)
1000

Uaite of time - (The same¢ as in the British System)

)

Some useinl relations belween the British & Metric System:
anch = 2.54% cm .

T30 = 4% kg

1zallons= W4 litres.

Emiles = & kilometrcec

DENSTTY % SPECIFIC GRAVITY
15,0 3T v “iinecanm of wood and wnother of iron we find thut the vol.
wood 18 bigger than that of ivon, In Like marner if we take equal volume of

wood & fron, we can find *he' %the irou weighe much more than the wood. The reason
for this difference in volume iz bverause the subic c¢m. of iron weighs more than
tke ~ubic ~m. of wood, and in Physics, icon is rclled DENSER than wood,

We rthercfore have the word DENSITY whi~h is the property of a matter
whirh lel%e us how much a uvnit of wolvme «'~271: weighs or is mass per unit vol.

In Mctri. Zystenr the DEASITY is the weiga® of a cubic cm. in grams; while
in Britieh System it is the weight of a cubic feet in lbs.

I{ we take a body of aluminiumw having a volume of 100 ¢.c. which will be
found %o weigh 270.0 gnm,, we find that every cubic om. weighs %%% = 2.7gm./c.c.
which is the density of aliuminium in Metric System.

We can thus say fhat -

; Megss
Density = Framse——
Velume
And 1f we give the symhols :-

L fer Depeily. V for Valume, M for Mass.

We san write the foliowing formula :-- D m‘%(for both Systems)

. -

In oxde: ind %W d=ngt .y . { uuy #olid, we have to welgh it
first, then we must firnd its volume, which can be measured easily 1f 1t is a
regular s0l*d su-h as a cube, a prism; o sphere, €iC.ceee o

The yeivnmes of such a regular soild is easily calculated if we measure its
jimsnsiois  But how can we obtain the volume of an irregular solid? We all

1

realize tnat as a sgolid 18 lowered into water the level of the latter rises,

{Gontinued p.l*.) so0o0ean
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If the water is in a measuring cylinder, i.e., a glass vessel graduated
to indicate volume in c.c.or in cub.in.,and a body is lowered into it
until totally immersed, the change in reading of the water level will
indicate the volume of the solid. If the solid dissolved in, or reacts
with water another suitable liquid must be used.

b. of Liguide:~ To find the denesity of a liquid take a vessel of given
volume (called specific gravity bottle). Weigh it empty; then fill it
with the liquid gnd weigh it again. '
4.--.:.'0 e .IJ o .0

The dlfferenge in wéight gives the weight of the liquid. Dlvide
thie weight by the volume of the vesse, you get the denﬁ;ty.

c. Of Gases:- ‘ '

B gn
e

3
Take a gldss sphere provided with a tap. Fill 1t Wlth the gas and weigh
Then evacuate it by an air punp and weigh again. The différence in the
weight gives the weight of the gas. Divide this weight by the volume of % 4
 the vessel which you can determine Dby welghing the amount. of distilled , WEW
water which fills the sphere. . ' ;

To compare the Densities of some well-known mattqrs, we_pavé -

- Water + _Aluminium = Lead

1@]/30' Q.‘Qﬂl;c C. % R 1 78 SQTL/O Gy a F s
62,1 lb/cu. ft 168.75 l'b/cu i S 6 A 1b/cu ft. iy

Ve notice from above that alumlnlum is 2.7 times ‘denser than water
and this is true. in both systems., In physics we call the number 2.7.
which is the ratio of the densgities of aluminium and water as the
S1ICTRIC GRAVITY of aluminium.

.+ SPICIFIC GRAVITY of a matter (x) = Density.of Matter {x)e
“ Density o ater

or: Density of Matter (x) = Its Specific Gravity x Density of water or
more generally we have:

B
— =5

b Specific Gravity'= Mass of a certain volume of a substance
flass of the same volume of water

-

Or in words: I} is the ratio of the mass of any volume of 2 substance
to the mass of an equal volume of water.

4 _

s -....The Specifie-Gravity is abreviated as £.G.

{

) In order to find the Specific Gravity of a substance we must have
a volume of the substance and an equal volume of water we divide the
weight of the substance by the weight of water to get the £.G. of the 1S Yo
substance. P

g Of all solids platinum has the highest G.G. while cork the least. ¥ ;

: Of all liguids mercury has the highest §.G. while ether the least.
3 Of all gases chlorine has the highest S.G. while hydrogen the least.

"orlked Examples. bl

! 1) A rectangular block of wood measures 100 cm.x 40 em. x 15 em. If it 1| |
weighs 48 kg, Find its density and its specific gravity. Thé volume \

= of the bloc& = 100x40x15 = 60000¢c.c. : o

i ’ B of the block = 48 =z 1000 = L8000 -gms..

I ‘.."' ""“tc D = }-LBEJQO = g’l‘l / 0000 ; L
o4 [lelele)s) : : PR AR * . i L T 4
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Solution :-
Wt, ¢ water = T0.22 «+ 20,12
= 50.10 gm,

- }.-‘ & -5
L= O - »
4 h

& Wt. of liquid = 95.27 - 20.72
But since v lume »f liquid = volums -f watcm.
5015
, #o 5.6, of lignid = 50,9 ~ |
Examples L
¢h 3 1, A Y~ttle fille? with water weighed 10Cg. The *~ttle empty weighed 20g. Find the
capacity of the bottle in subic centimelires ?
o, A flask h1lds 2520 g. of giycerin when filled. What is the capacity of the flask?
SeB. 1526, _
3, A 10-c.7, graduated oylinder s~ighs 19.43 gm. empty and 155.89 gm. when full of
mersury. What is the density of meroury ?
- ) 4. A rectanguiar block of wood measures 150~m.¥40cm.x14cm, If it weighs 67.2 kilo~
‘“-. ' i grams, what is its demsity °
/ 5. Find the weight of & column of mercury of height 30 inches & cross section 1 sq.
i inch ( $.G. of mercury = 13.6)
’ / : 6. A bohtle weighs Xgm. Ful! of water it weighs Ygm, Full of milk it weighs Zgm,
T : Wha* is the dc.zity of milk 7
" T Find the S.G. of salt solution fr'm the foll wing data :-
Y : Wi, of b ttle -~ 20,12 gw. Eotuls - water, 70.82 gm, Bottle + solution, T1,72gme
y ' - 8, A4 vessel filled with an cvorflow pipe is full of water. A piece of rock of weight

1001t. & spenific gravity 2.5 falle int it., Whal weight of water overflows and
what volume does it cccupy? (Dansity of water 62.5 1bs, per cu. £45 )s

: 9. Find the densiiy of a mixture containing 40c.c. of water and 60c.c. of oil of

: . ; - S.G. = 0.8

10, A picce of stsel wire of leng' e 24in. and or-ss-section 0.2 sg.in. weighs 1.12lb.
What is its speoifis graviby 7

11. A T tbtie weighs 40gm. when empty and 1%0gm. when filled with water & 139 gm. when
fillel with equal volumes of water snd 1. Find the density of the il ?

12. A ™ itle weighs 15gm. when empty and 151gm. when filled with mercury and 33gm.
wion filled with salt s-luiion. Find the density of the sclution ?

1%. Bxplain h-w the specifi~ gravity of a liquid can be found by using a specific
gravity b Ytle. A specific gravity b ttle weighs 40Ogm. when empty and 240gm. when
filled with water. When 260 gm. «f sand is placed in the bottle, which is then

filled up with water, the total weighes -f the t ttle and contents is 400gm. What
is the speocific gravity of sand 7

14. A specific gravity bottle weighr 20gm. when empty and 70gm. when filled with water
Sand, woighing 20gm. is put in%o the empty bottle, whioh is then filled up with
water, the total weight being 82gm. Calculate the specific gravity of the sand?

15. A closed glass flask weighs 72.59gm. and it weighs 72.01gm. when partially eva-

cuated. It is then opened under water and 450c.c. of water enter the flask, Cal-
eulate the density of zir under these conditions 7

j

e FRESSURE IN _LTQUIDS

A8 F. LIQUID PRESSURE BENEATH A FREE SURFACE.

i ’ s Lod I Definition of Force :~ In order %o 1lift a kil gram of mass we must use an upward

4 | : ‘ push or pull. The sree’es ¥ = mass, the groater is the force which we must use. Also
pr| \ ' if & body is moving we can bring it Lo stop if we use a push in a direction opposite
g . ‘L ¢ to the dircolion of movement of the body. This push or pull is called FORCE.

Force is therefore defined ns: haything is capable to move a body from rest or to
bring it to stop if it is woving.



oo s

Unit of Force: In:the british System the unit of furce is the pound which is

the force required to 1ift, or maintain a mass of 1 1lbe. In the Metric System
it is the gram which is the force required to 1lift or, maintain a mass of ‘gn.

Force beneath the Surface of Liguid:-

When a liquid is contained in a vessel, it exerts a force on the base of

ot e ot o et e e

s e e e e P o S e 1 B g e o et

If we imagine that a vessel contains water to a height of 1cm. then oncan
area of 1sq.cm. of the base, there is a weight of ‘1gm., or a pressure of gnu.
per sq. cm. Lf the vessel contains water to a height »f 2 cms., then every
square centimetre carries 2 cubic centimetres of water or two grams. The pres-
sure will thus be 2 gms/sq. cm. Now if water is substituted by another liquid
of higher density such as Mercury, then the force exerted on the base will be
more.

Fr-m above, we can conclude the following rules :-

1« The pressure ié directly proportional with'!the height of the ligquid.
2. The pressure is directly proportional with the density of the liquid.
Theref»re if :~

P stands for pressure,

D stands for densify of liquid.,

H stands for height of column of liquid.

Then, we have P=HxD.

If the area of the base of a vessel is equal to (A) then the total force
(F) exerted on it is equal to the product of the area times the pressure per
unit area. iy B PAL

WO.RKED EXAMPLE S :-

9&//& liquid of S.G. 1.7 is contained in a vessel having a base 20 x 30 cus,
If the vessel is filled t~ a height of 15 cms. Find the pressure & total
force on the base of the vessel ?

A,/ Since the units are in the Metric System,

D= 8@ x 1 = 1.7 gn/fcoce

P = Bxx D= 15 x 1.7 = 25.5 gn/agscnio

Area of base = 20 x 30 = €00 sq. e,

F=Pxd=255x 600=15,300 gm:
s 15.3 Kgne

(cont'dspo?)on-\ opt e
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Level of Liquids in Connecting Vessels: It is a faniliar fact that when water

( is poured inte a tea-pot it stands at exactly the same level in the spout as in
f : the body of the tea-pot; or if it is poured into a nunber of connected vessels
like these shown in the diagram, the surfaces of the liquid in the various ves-

sels lie in the same horizondal plane;

\

EXAMPLE L

1, Find the force on a horizontal surface 2ft. by Lft. submerged in water,(a)
to depth of 2ft.; (k) to a depth of Lft. 2
2. Find the pressures on the surfaces of the preaeeding'proﬁlem ]
3, Find the force on a horizontal surface 10 cm. sq. submerged in water to
depth of (é) 10 ema§ (b) 100 cm.; (c) 100 ms 2
4. TFind the pressure on the surfaces of the preceeding problen .
5. A standpipe 100ft. high is filled with water. Determine the pressure at the
bottom in pounds per square feet and in pounds per square anch ¢
4. A hole 5 cum. sq. is made in a shipis brttom 7m. below the water line. What
force in kilograms is required to hold a board above the hole ?
7., Hew high is a column of water that is suppgrted by a pressure of 5 Kg/cmz %
8. The area of the bottom of a tank is 100 sq. ft. The tank is filled with
126,000 1bs. of oil ( S.G. = 0.8 ), Find the pressure in pounds per square
inch on the bottem of the tank ? |
9. What is the difference in pressure in the water pipes on two floofs of a
building, if one is 12 wm. higher thén the other ?
10. If the point of a lead pencil has an area of g%aina. and you push it against
a piece of paper with a force of 2 1bs. How great is the pressure ?%
11. The trtal weight of oil in an oil container is 28 Kg., and the area of the
b ttem of the container is 70 cmaﬂ If the S.G. of oil = 0.4 gn/c.c., what must
be the depth of the o0il ?
12. If the water pressure in the city mains is 70 lb/inz., how high above the

town is the top of the water in the standpipe ?

Pascal's Principle

Transmission of Pressure by Liquid :~

Let us imagine a vessel of the shape shown in figure (a) filled with water

up to the level (ab)., If we assume the upper portion te be 1sq.cm. in cross

{ : BBCtion' (COnt'd.P.B)o-...5.---.-..‘-..'

TS T Tt L . AT | T T T Vi e

=l .
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the tube, the pressure on any sq.cu. of o T e W Lex
the interinr vessel will be increased _—*______—_: -:‘-*_::—:_ '_J,:‘_ J,_:\{/'. J/‘_:L‘J/'

- P.8 -

increase
in pres-
sure due |~
to addi- fﬁ

tion of "
1 m A

Then because the density »f water is

1gmn/c.c., the force with which it pres-

|

Y
NN

ses against any sq.cm. of the interior

iy
(AT |

surface which is (h) centimetres beneath

v
V)
i)

the level (ab) is (h)grams. Now if we (a) |=- (

_ b
Jid=<-1-11

~—

'.".""
‘1"

add 1gm. of water (that is, 1 c.c.) to

'.‘i\ti

1 L
!
|

by(d). If we now put a weight of 1gm. on the surface of water through a plston
as in figure (b) the same result happens., It is to be noted that this increase
of pressure of 1gn. per sqg.cri. is not applicable only on the base, but on all
the sides of the vessel as well, and the pressure on every square centiumetre
will be increased by 1gnm.

We therefnre arrive at Pascal's Principle which states :-
- The pressure applied anywhere to a body of confined liquid is transmitted
in the same magnitude to every pnrtion of the. surface of the containing vessel.

1kg. 7 7 i
Applicatisn of Pascal's Principle :- Y ET- QOG/44>
[/ /"8

Consider a vessel of the shape & A A Ll[l

oy ——

shown in the figure. If the area of the

cross gsection nf the cylinder (ab) is

=

SN i

18q.cn. and that of the cylinder (AB)

is 1000 sq.cn. a force of 1Kg. applied E==T= =
to (ab) would be transmitted by the liquid so as to act with a force of 1Kg. on
each square centimetre of the surface (AB). Hence the total upward force exerted

against the piston (AB) by the 1Kg. applied at (ab) would be 1000Kgs.

HYDRAULTLTG PR ESS

O i e ¥ i | g A 5 . T T 85 S i e S o v S e 4 o SRS s A . e S

which is a useful mechanical contirivance in which the pressure cf water acting
on a small arm A is transmitted equally

to a large plunger B (Pascal's Priunciple)

and since the area of the plunger is

nuch larger than the arm, an enorrious

force can be exerted by the plunger for

the purpose of pressing bales of cotton

or binding b-oks, etCesosn: »
(contidePeY)eavcococos
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4 Advanced Level Time allowed:
Mathematics 1 Three hours
Pure Mathematics

Specimen Paper on 1968 Syllabus.

Answer 8 questions

(1)i. Find the values of Afor whizh the equalicm in =
2= sl D08 P e 1),
where:i_gé 1. has equal r .. ts and find, also, the range of values of)k
for which the roots are real and unegual,
If one of the roots is four times The. giher, find them.
ii, Find the positive values of x and y which satidfy the simultaneous

equations,
lagk x + logy =2

x +y =12, ;

(20%s XIf x& and higher powers ~f x are neglecied, find by how much /1+x
differs from 1 + 1 = - 3 _ * and heace evaluate 1010 to five decime
al placess. 3 3

ii. Prove by induction tha* 6 is a fact r of m(n + 4)(n + 5)for all
positive integral values oﬂﬁo

(3)i. Express in the form x + iy

(a) (3 + 2192 -1),

(B) (5 + 28)/(e ~ 1),

() (1 = 1/3)7,

Show the complex numters (3 + 2i) and (2 - 1) on an Argand diagram
and on it show how the results to (a) and (b) can be obtained geom-
-etrically, '
ii. If P is the point in an Argand diagram representing the complex

number z and 1f ln -1l=2|a - 2', find the locus of Pe.

(4) Prove that the equation of the circle on the line joining the pedts
(x1, 313 and (xa, mz) ag diameter is

C(x.x)(x - x) + (FeT)F - T) =0 | ;
0 is the origin. A the fixed point (a,u), where a is positive, and P -
a point on the positive part of the y-axis such that the angle OAP= 8.
Q is a point in the first quadrant such that PQ is perpendicular to AP
and equal in.lenght to ¥AP, Find the crordinates of Q in terms of a and
© and determine the locus :f Q as . varies.

Show also that as © varies the cirele on AQ as diameter passes through

a fixed point on the y--axls, and find the coordinates of that point,

(5) Find the equation of thq&hord j-ining the points (ang 2ap) and (aqz,
2aq) on the parabola yg = hax,

PQ is a chord of this parab T pessine *hrough e focus S(a,0). PM
and ONare drawn perpcndi~ular %o the line x + a = 0 meeting it at M and
N respectively. Prove that

(a) PN and QM pass through the origin,
(b) MN subtends a right angle at the focus,
(c) the tangenté to the parabola at P and Q form with SM and SN

a rectangle. one vertex of which lies on MN,




Page 2
(6)i, Find the limit as © tends to 0a6f

1T =y sos 2O o

1 e —— -

1 -~ cos ©
ii. A and B are posili®e acute angles such that 2A =~ Bs:ll;r-
i «If tan B =1/239, find tan A without using tables. ﬁf

344, Show that cot (@ + 75) - tan (@ -75) ='#§9§§§g“2“6‘

(7) Find the general solutions of the equations
(a) eln® 7 @ - sin® 6 O = sin® o,
(b) S5cos 2 © + 12 8inh 2 & = 9,
(e) 3co8 2 © + 6in 0 = 1 =",
(8)1i. State De Moivre's theorem and use it to prove that
gin 6 ® = sin 2 O(Qcos2 8 - 1)(40032 & - 3).
ii. Express the rootsoc and B of the equation x2 - 2x + 4 = 0 in the form
r(cos © + %bin 8). Hence obtazncﬁf and)g and form the equagion whose
roots are ‘é and/a

Q)Y I () = —--w-“——" and £f(1) = 0, find f"(x) and f(x), the dashes

denoting differentiations with respect to x.

Show that the graph of;(x) has only one turning point and find, cor-
rect to two decimal places; the value of the function at that point,
stating whether it is a maximum or a minimum value,

Show that f(4) and f(5)have opposite signs, and draw a rough sketch
of the graph of f(x).

(10) The curves ya = x and x°

= 8y interoa4’ at the origin O and at a point
P, The tangent at P to the first curve meets the y-axis in H and the

: tangent at P to the second curve meets the x-axis in K. Prove that OP
4 bisects HK,
Find

(a) the area between the two curves,

(b) the volume obtained by rotating this area completely
round the x»axis,



rage Advanced Level ‘Time allowed:
Answer 8 questions Mathematics II Three hours,
Pure Mathematics

1e (i) The rth term is ar +br2, where a and b are constants., Find the sum
to n terms.
A series is of the above form, the sums to theee and five terms respec-
tively being 180 and 690, Determine the fourth term.
(ii) Find the real factors r:f_xl+ ¥ x2 G

Sum to n terms the series whose gth term is St 3——:-1-.
a4 4+ g

(i) Show that, for all values of x and y,
xa + xy + y :> O.
3.7 L L
Deduce that (x + y)(x * 5 ) N Pl 7 s
(i) If p,q,r and & are positive numbers, prove that

(p + q)'g—;—- + —2—} >/\/4

il 1 1 1

(p+q+r + s)g e ;;;;:16.

W09 s

and that

(i) The equations - 5
bx" - 2x + 1Mx + 10 = O
and

12x3 + 11x2 + 2ix + 12 =

have a common root. Find it.
(ii) The roots of the equation x3 +pPX +q=20 areo(,ﬁ yand 'X .
Find the equation whose roots are
(a) )67 7)3 -i-CNi)'3 (0(-1-18)3
(b) ‘" X, 7 ol R
ﬁ = Y= I3

L, (1) XIf = cos—g— + 1 singzu. expand in ascending powers of x,

(1 + :v:)3 + (1 +wx)3 + (1 + wx)Bn
where n is a positive integer,

(ii) Solve the equation (1 - 2)3 = 8(1 + 2)3, expressing your results in the
form a + ibe.
5. Prove that cos?75 =*f§:}%-- and that tan 75 = 2 + »/3,
A right pyramid has for its base a regular dodecagon (12-sided polygon)
of side 2a + The lenght of each slant edge of the pyramid is 5a .
Prove that

(a) the inclination of a slant face to the base is cos-qtgzafgé"ss

(b) the inclination of a short edge to the base is
-1&./6 +4/2 a

A2-EMES.

If § is the angle hetween two slant adjacent faces, find cosf .
6. P(a cos®, b smnﬁ) Gnfa cos . b sin@) and R(a coslfy, b sinff) are points
on the eilipse -§~+——§ 1 such that PQ and PR are chords through the foci
(ae, O)and(-ae, o¥ respectively. Prove that
-%—E =e cos=9—§—g and that tan -g— tan —g;= cot® -g-.
N is the foot of the perpendicular from P to the x-axis. QR meets the x-axis

at Ty and C-is the centre of the ellipse. Prove that the rectangle TC.CN
is constant,

®
cos -




7. Find the cquaticn of .the n. faa _ i »““i
rectangular hyperbcla .xy = 02. o
P is a point on the hyperbola and P' is the o}positegeﬁﬂ of

the diameter PP'. The normal at P'meets the hyperbola again at

Q. Find the loci of

(a) the centrcid of the triangle PP'Q,

(b) the midpoint of PFQ,

8, Find the couordinates of the point of intersection ¢f the lines

— e — I

and find also the equation ¢f the plane containing these two
lines.

N
: —lfr X = 1
9.(1) Differentiate sin i ————— with respect to x.
L

(ii) Findu/icos 30 sin” © d®, where n is a positive®integer,
(iii) Bvaluate = 5
Psec” Pdo.
0}
X

10, (i) Find the maximum and minimum values of s and disting-

uish between them,
(ii) Show that the values of x for which the tangents tc the

curve y = X co0s X are parallel to the x-axis are roouts of the
equation x = cot x,

Use tables to find the smallest positive root of this equat+
ion and sketch the graph of for - 8
n sketc graph of y r }ﬁsgsgfft
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Formula of Pascal's Principle :-

—

LE = Bténds for the force od the small pistﬂn;
F ’stands for.the force on -thé large piston.
a the area of the small piston.
A the area of the large piston.
é = the pressure on tpe snall pistonj
the pressure on the large piston; and because these pressures are . ‘u .

and % =

: 3]
equal: :. =

WORKED EXAMPLE..

Qe The piston in a hydraulic press have radii 2 in. and 25 in. If a weight

ﬂ% ; ,'{ of 30 1lbs acts on the small one, what 1l-ad will be supported by the other 2
iﬁ Ka Area of small piston = T\ £

i = Py = 4R nt

ﬂ. . Area of large piston = 4} RZ '

= 7T (25°) = 625 TX in°

Pressure per inch square on small piston = é &= %%F’ and this is equal t~

the pressure on the large pist-n, :. Total force an large piston 3~

0 _30x 685
o x 6257 = 2 F222 - 1687.5 1vs.
F

R ey g
2 7 - , h-

W [
=l

Or applying the formulas:

=i
W
£ 0 g
& E ot %35
" v SRR B -

BEAMPLE  E& I

1. Two pisfons of a hydraulic press have areas of 2 and 70 in2 respectively.

What force applied to the suall piston will overcome a resistance of

35000 lbs on the large piston ?

'2. A man exerts a force of 50 1lbs on one pist n of a hydraulic press whose

area is 0,5 ina. What pressure does he cause in the liquid ? What force

does the liquid exert ~n the other piston whosg¢ area is 6 in2 ?

3, A bottle full of water is closed by a stopper whose area 1g 5 cmz. The

area of the base of the bottle is 40 cm2. When a ferce ~f 27 lbs pushes

on the stopper, what is the force caused on the base of the bottle %
(_cont'd.P.'IO)..uu
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Formula of Paséél's Principle :-

-

If f stands for the force of t.e srzli fiost A
F stands for the force on thé‘large piston.
a the area of.the_small piston.
A the area of the iargé piston.

= the pressure on the -small piston;

o

and%:

equal: :. §‘= 3

WORKED EXAMPLE..

Qe The piston in a hydraulic press have radii 2 in. and 25 in. If.a weight

of 30 lbs acts on the small one, what l-ad will be supported by the other ?

A.  Area of small piston = 7\ rg
= PR = % W 1
Area of large piston = i R2

7t (252) = 625 7% in®

n

Pressure per inch square on small piston = é‘: %%F' and this is equal t-

the pressure on the large pistcn, :. Total force on large piston -

30 : A 625
- x 625 T = - 4687.5_1bs.
. ¥ W £ F ¥ gl
Or applying the formula: ol > = >
7 R™ 7%
Eg P
j = 'gé'g 3

: . k25 Iy 30 18750
b FEEERLOR - TS WgBRLo iRes

— = ——

EXAMNRLE I 1.1

1. Two pistons of a hydraulic press have areas of 2 and 70 ina respectively.
What force applied to the sumall piston will overcome a resistance of
35000 lbs on the large piston ?

2. A man exerts a force of 50 lbs on one pist'n of a hydraulic press whose
area is 0.5 ina. What pressure does he cause in the liquid ? What force

does the liquid exert ~n the other piston whose area is 6 in® 2

3, A bottle full of water is closed by a stopper whose area is 3 cm?. The

area of the base of the bottle is 40 cmam When a force »f 27 lbs pushes

on the stopper, what is the force caused on the base of the bottle 2
(cont'd.P.‘lO)..uu

the pressure on the_large piston; and because these pressures are - u !
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!\ GENERAL CERTIFICATE OF EDUCATION
\ EXAMINATION
\\ January 1965

Ordinary Level

ADDITIONAL MATHEMATICS (3)
THEORETICAL MECHANICS

Two hours

——

Answer any SIX questions.

e S

Credit will be given for the orderly presentation of material:
W candidates who neglect this essential will be penalized.
L\ 411 necessary working must be shown.

Take g as 32 ft per sec per sec.

\ \ 1% Forces of magnitude 1, 4, 3 and 5 1b wt act along the sides AB, BC,
CD and DA respectively of the square ABCD in the senses indicated by
the order of the letters. AB is 12 inches long and the line of action
O\ | of the resultant of the forces cuts AD produced at X. Calculate the
A\ magnitude of the resultant, the angle its line of action mekes with AD
?'I and the length of AX.

2. ABCD is a square uniform plate and E and F are the mid-points of AB
and BC respectively. The corner ERF is cut off and the plate freely
suspended from A. Calculate the angle which AD makes with the vertical.

¢
; 3, A non-uniform rod AB weighs %20 1b and hangs in a vertical plane supported
6T b by two strings AC and BC attached to a peg C. AB = 10 in., 4C = 12 in.
' t and BC = 8 in. 1If, in the position of equilibrium, AB mekes an angle
of 30° with the horizontal find, by drawing or by calculation,
N

|
t \ l (a) the distance of the centre of gravity of the rod from A,
t (b) the tensions in the strings.

r 4, A body of mass 15 1lb is on the point of slipping down a plane when the

l§\; inclination og the plane is 250. If the inclination of the plane is
reduced to 15  find the least force, acting parallel to the plane,
necessary to move the body
ol (a) up the plane,
} (b) down the plane.

a speed of 120 ft per sec at an elevation ©. If tan © = 4/3 find how
far from the foot of the cliff the stone enters the sea and the direc-
tion of flight at that instant.

\\ 5, A stone is thrown from the top of a cliff 112 ft above sea level with

6. A car of mass 15 cwt freewheels down a slope of 1 in 20 (i.e.sin_1 1/20)
at a uniform speed of 20 m.p.h. Find, in 1b wt, the resistance to

motion.
|
\ ' On reaching level ground the engine is switched on and works at 15
horse power. Assuming the resistance to motion to be unchanged, find
L3 the initial acceleration of the car.

i 7. A bullet of mass 3 oz is fired with a horizontal velocity of 1,200 ft
\ \ per sec from a gun of mass 70 1b. If the gun is free to move from rest
A\ find its momentum and kinetic energy as the bullet leaves the muzzle.

Y If the gun fires 250 such bullets per minute find the average force

5\_\ required to keep it at rest.
A 8. A railway truck of mass 10 tons is travelling at 30 m.p.h. on a curve
} of radius 300 yards. If the rails are on a horizontal plane find the
\\\~- horizontal thrust exérted by the rails on the truck and state its
_\ direction.
L\ If the distance between the rails is 4 ft 8% in. find how much the
-~ outer rail must be raised so that the lateral thrust of the rails on
.‘( the truck is eliminated.

— - T T ——
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10,
1.
12,
13
14,
154
164
17.

18,
19.

20,
21.
22,
23.
2h.
25.

26,
27+
28.
29.
30,
310
324
33,

She

35

3.6.

37

Terms used in Arithmetie

lacdl  aenziudl e lodba)

To ceunt

Number

Figures= Numberals
Symbcls

A concrete number

An abstract number
Numeratisn

Notation, (to denot®)
Naught= cipher= Zero= 0.
One= unity= a unit
digit, (plural, digits)
The decimal system ’
Unit's place

Ten's place

Hundred's place

Addition
Sum= tetal= sum-tetal= amouny
The sign of addition,is the plus sign(+)

The sign of equality, is (=) read equals

Subtraction
The difference of twoe numbers
Complementary addition
Subtrahend
Minuend
The sign of subtraction,
is the minus sign(=)
The difference or the remainder
Multiplication
Multiplicandg
Multiplier
Product
Partical Products
Factors
The sign of multiplicatien,
is the cross sign (x)
The commutative law in addition
& multiplication,

Example: 5+6= 645 ; 5x4=4x5; a,b=b.a
The Distributive er associative law in

additien & multiplicatien

Example: a+b-c=(a+b)-c=(a=c)+b ets..;

c(a+b)=ca+ch etc..,
The factor Law

Example: a(bec)=(asb)c=beCeas, etcasa,

Multiplication table

( Ve ane ac ) aadly
Juas ¥
fEJ‘——T
Jsy —¢

(e Sdeg &) ) Gane Vs o
(@eladl eIl o ) Gamgdl o upmw wus
ﬁq;U|_, ala~sil Ly
(.g gj:u‘ ) fBJﬂlf J‘u\ﬁyl \,J*_..._,‘h o N
o,a.ﬁjl__':;

34¢jﬂl_.1.

(b Lnes ) a8p oy )

QIJAJL lhﬂl_ﬂ ¥

JL»QlZ;b__\r

e hladlas, g

el s,y o

d B

pasdl Juole y

(+) 2l e YN L B PERYY
(=)csluedl@dary g

oy,

v b dolec g uas e G,
gttt panaly o Iy y

carhell —y v

(=)o 3 s o? orhladl v,

ol l‘,;l.,golﬂl el oy g
ol vy

- gpaadl Ly A

ai gpiadl v q
eyl ool

o lgndl g v

(x)L)LnJl gmuf.,.-ﬂﬁu}ls_\"r

Huédhep&Jlg;'J|d¢¥‘chB-—Ti
tixo=ox{to+1=1+0 :Jb
Bl ot
Soradly paedl $ aiel st B —v o
(et ) e ey 1 J G,
doe (..Jh'f"*’("""-” o
codlearld (e
s Jlardalyndl 95B v q
Ixes o st o b (2 x) x|

padl Jgus iy y



h2.
L3,

L,

L5,

L6,
L7,
L8,
k9.
50
s
52.
53
Sk,

55
564

574
58.
59
60.

61.

62,

63.
6.

65.
66.
67.
68.
69.
70.
7he
72,
73,
74

(p.Z)

Proving by nines Il LBl dandl aens Gl ool A
Casting out the nines ' e lawsdt blul oy ¢
Proving by elevens vy sl dbazul deadl aows ol ol g .
The continued product of three ;Sl,! Jolgs @l oy ook met 3
or more factors. |

Power sgadl g ¥
The second power of a number or the - O aadleope ol O dad au il sgadl gy
square of a number. X

The third power of a number or the o aadl canSe ot waad w1 9gdl g ¢
cube of a number.

The fourth power of a number 9 and aayl 1 ogadl o
The base of the powerdgill . luwl .

Index or exponent Z,EJ!WI_U.}H_;_-I
Involution sl el gy
Evelution Jeaedl chesal A
Division dawsdl ¢ 4
Divident f}...i.Jl sy ¥
Divisor als r,.é‘-” wst )
Quotient widl b gl oyl oy
Remainder Aawid! L:,SL_._..:, ¥
Dividend= Divisor x:quotient + Remainder X aals r}....‘.é..li =f3"“§'°'“-'"'°i

P S L | g"aLg +L«.§J| E)L':"
The sign of division (+) or (/) (/) s\ +)dauidl@ade 00
5:2 (read 5 divided by 2 (v oo ght el LI tanwat
or 5 over 2).
Brackets o l,i': N Eisy
> is greater than (Example: 5>3) E' 4-, :)*:..'{‘ e {(=oA
{ 1s less than (Example: 3¢ 5) Toyr : ) Te piel o
Length, area, volume, capacity, - ;'&.n..achr_-_n.p.ch'&.-:_Lu.Jh O PR | I
time, angle. .'&,‘_.,ljJI;o._;Jl
One chain=100 links= 22yards vy =dids ) oo =tanldlaluldl )
9,k

One,, fuglongs, 10 chains= 220 yrds. = ° IR RET 7‘; i g‘)-L’-)”‘n‘L-—T ¥

One fathom = 6ft. pll =3l LBy

One knot= 6080 ft.= one nautical mile = asldl o) eV ¢

one geographical mile:(admiralty mile) LS 1eA

]

11

the length of one minute of arc or the equation

One mile= 5280 ft.=(1 English or statute a1y o YA = sl el o
One league = 3 nautical miles. ! ‘““""l 3 '”“""‘“3'“ f'i""ﬂl—'l—l
One hand = 4 inches C‘L?‘?' ¢ —=1Y
One pole = 5§ yards ‘:-'IJJL‘ o}‘. ::...'a.,-..ai-”__"‘j\
A leap year : M'M‘—m
One dozen = 12 units Gdeg VY = CJ.'U"’JL—'Z:'#J""JI—Y .
One gross agyY ) Y ﬂrJ”jJSJ‘-—Y'I
One score : Pdmg Yo =YY
One quire e L =YYV
One ream= 20 quires = 480 sheets ef papers By9 LA =g MY L



76,
77.
78,
79
80.
81.
82.
85

84.

85.

86.
87.
88.
89.

90.
91

92.

93.
9k

95,
96,

97
98-

99.
100,

101,

102

103.
104,

105,

(¢v-3)

Denomination,

*f9% =Y 0

Example: Reduce £5 3s 4d. to the same rﬂ!)d ¥ 3)&53~MJ~H5‘495

denominiatirn, the pence;£5 3s 4d.=

5x20x12+3x12+4= 1240 d

oo deloggs i Ll y oy
:)buuam'!swl

Ll 0y1o=Y0+)oe+Deee=10+0 ¢ XV +0+XT + X0

Multiple

Common facter

Consecutive numbers

Even numbers

0dd numbers

Prime numbers= primes

Composite numbers

Numbers prime to one another
(Exi b 13y 2854 49)

Twc éomplementary numbers
(Ex: 25+74=99)

Divieibility by a number
(Ex: 39 is divisille by 3)

Ascending order

Descending order

Factoring = resolving into factors

Highest common factor (H.CoF.)
Greatest iommon fagter (ch F.) )
= Greatest common méasure (G;C.MI)

= Higﬁéé% Sommén di¥iser (H.C.D.)
Miscellaneous

Least common multiple= lowest
common multiple (LoCoMe)

Hirnt

An Tnteger = a whole number

The Integral part of the number
(5.51) 48 (3)s

Fraction

Vulgar fraction= common fractien

Decimal frgction

The Numzratsr of a fraction

The Denominator of a fraction

Proper fraction (ex: _1 )
—Eg-

Improper fraction (Ex: ZE )
1

oslae Y Y

@i by
ailns olasl A
gy sl v
Gy olasl A .
adol wlasl A
aadyl e ulasl A ¥

L%rW‘JJLﬁpIJnk [PEIEN TS ¥ oolasl Ay

(L8 eYo eyt et s Ji, anlyl
Mooy Las o 9% Lpsgasee 010 as A €
«(R9=Y¢+Y0)
LB o M) v s Ganid LB _po
(Y Lﬂsana5J|
o late (s 0 = O uslad S A
Syl s = L8 Gess —A Y
Jalgadt JI dadosd A2
S & sl daladl p g
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A mixed number (ex: 52:? BN LT Jas =(o ¥ 'V )La) LS)-“S Sy o ¥

Reduction of fractions

Cancelling the common faetirai
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from the numerator & denominatcr of a fraction, “diﬁ

The reductl n of a fraction to its
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110.
111.

112,
15
114.

=Pk o

.) Comparison of fractions 3-S-“ iy le —
7. The reciprocal of the numBer 3 is q 3 ) ( ) ) 9. (1') o andl cglis —y &

A complex fraction (Ex..—'g——) V )L.;S,,,,.S_1 s A
¢ — i

. .

Continued fractions Ex.: 1 ——1----—ll (A RO JPS'“-'I -9
b+ c+ X
d —_—
3
Terminating decimals '3,,._:.':.1.-1"&._0_.&-:.“),..511_\ y e
Recurring decimals (Ex.: 8.'3; 0.4'9.':1) '3.95..!-“33).2«“..1“)5“5-“_\ 1)
.9 {T’f:o 3\‘ )Lw)

Decimal figures ( qr&aJla»h.llwrb Y1) .a.,,).u.a.ll &, ‘.11__1 L ¢
Decimal places ( Artadl 3B Gue By Y1 sae ) aedleshdl oy y
Significant figures (Ex.: in =~ ¢ e +¥T1Y 9 andl s ) Tpganadlp B3l 1%

the number 0,00$67 the number {%u—-—’-” o5, BV wny adas p3, ‘Jj *» v t“’)‘”
3 is the first significant figuire
after the decimal point).

115. A pure circulator (Ex.: 0.6) (- . AN, ) 'a,.-w-_;”d,us_} Yo
: 35 Yoo Yf% S s 1 1
116. A mixed circulator (Ex.: 0.7327) ( A% :; EU} ,lesﬂ% ‘—_‘ 1
117. The generating fraction of a r:curring S
fraction (Ex.: %is the generating fraction )#SJ‘ gt ) ¢ )9
of 0.3) ( .y T L.-)j-‘-“;L,‘a&Jl
118. Approximation (Ex.:0.734=0.73 - logruse Y= ¥ L s O ) weisll A
correct to two decimal places). o ( QS pis Ol pe el L;“
[
119. Error ] . s Yy ¥4
120. Absolute error . gis-i"-“ va‘-“ = UJLa-H hedly 7o
'21. Relative error (Ex.:the relatiive _,w--“ Lhaedl Dt ) U.._Jl thedl vy 7))
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133.
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5+3+8+18* ( Y +A+ Y + 0 - ¥ 1 M) Janadty v
Average=mean (Ex.:7= % ) 3

i Ma & %o :
Ratio (Ex.: % or 2:3) '(T 6 ¥ 3‘1‘;_: Rt
Proportion (Ex.:g=§ or 2:334:6) 3‘—%_ ol L ) i) 11
) (Rss«¥2 |

The two terms ¢f a ratio o dpadl tae vy
Antecedent . f e —) TA
Consequent ¢ dpsd] .,7”3--\ Vi
The extremes (in a proportion) ( e LS u" ) oby Iy
The means (in a proportiom) (el 5 oIty vy
The mean proportional betiween two ' s u-‘-'-f"."‘-“'L-"J‘ Jruwgdl oy v ¥
numbers
The third proportional t¢ two numbers O 9 dnd G bz led Vel Ly v
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138.
139.
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141,
142,
143,
14k,
145.
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147.
148.
149,
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151.
152.-
153
154,
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156.
157.

158.
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6. Inverse prepnrtion

P.5

The fourth proportional to three numbers alas! @l wa‘(“_qy‘—ﬂ“ 1
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106 YY 0« 8oy g
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Direct propurtion

Compound proportion
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gy.hzﬂ P*mkﬂl__17A
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Proportional division
Partr ership

Percentage Aggtad Gty ¢ &
Profit cogdl =9 €9
Loss Z)L...«:JI_‘ %9
Rate (71 NSl o) el (31 (5 WS ) pmdly gy
Taxes cshall y ¢ ¢

Japund Q@A'-—J L0

%qu'Lxﬂ‘—~}i1

CL Al g ) et @ JWILT, )y g
) + dtJ'J*L = alendl oy €4

Simple interest
C myound interest
The principal

The amsvni=the primcipal+the interest

Per annum Wl = L}Jﬂ—i &1
Discount r..up"'aJ' = t\.af‘r:‘-!‘_‘ O e
Nominal value of « diraft “JL-O’S"U Aepenas I dagid| ) 0 )

WSl LN Ay o §

Present value <f a draft

Shares " WAt ) O Y
Stocks (JL-” oy el e 0y e gy de L s ) H.ml__\oi
B:nds w e mYoo

f“f"“'g|’l‘l:' = ,_',’..";lu.-”_j o
r,“hui f‘:‘; -—1 oY

Shareholders

Dividend (eash shareholder's profit
from the total profit)

The term "stock'" is applied to the
capital of a cumpany. any portiecn

of which, large or small, may be bought
or solds

The meaning of the expression "3% stock

at 102" is thal a company is paying a divi-
dend uvf 3% on ite capital or stock, £100 of
which is at the time selling for £102.
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162,
163,
164,
165,
166,
169
168,
169,
170.
171
172
1754
174,
175,
176,
177
178.
179,
180,
187,
182,
1834
184,
185,
186.
187,
188.
189,
190.
191,
192,
193,

194,
195.
196,
197,
198.
199.
2004
201,
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P.6
Terms used in Geometr
g PRt S NPCW | PO P !qu
Axionms
Postulates
Point

Straight line (st.)
Broken line

Curved line

A plane surface or a plane
A golid figure

Space

Angle

The arms of the angle

The vertex of the angle
Adjacent angles
Vertically opposite angles
Right angle

Acute angle

Obtuse angle

Straight angle

Reflex angle

elgwty =1
o leg g0 =) 1)
alis v

et bz ) ¥
yui'.n b == i

Orsehas ) 10

Cotume Tl =) 1T
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ghadl vy A
ao ey 1
g ety

ay A ovh =y v
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2oladl gl y vo
LhﬁéJ‘iﬁlﬂ‘-\YT

oo LI | i D7 LS S A
waSsad ) g0y YA

A perigon (ads= ) f5|35 i.n a1 31 oy v

A vertical line

A line perpendicular to another line

Degree (o)
Minute (')
Second (")

The three dimensions (or magnitudes)
Lengths, width or breadth, & thickness
Two angles of the same magnitudes
A plane figure
Circle
Centre
Circumference
Radius (plural: Radii)
Diameter
An arc of a circle

A chord of a circle
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5,810 S =14 ¢

Semi~circle [ AN <:".na.. —)40

To bisect *J%?Q__1&1

To trisect aally QY

The superposition of one figure Lt ‘5‘-:143',*23 JSs wls JS2 Bt =1 A
ug:n an2ther

Two figures are made to coincide
with one another
Sector of a circle

Segment of a circle
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207
208.
209.
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211,
212,
2135,
21k,
215,
216,
et
218,
219,
220.
221,
222,
223,
22k,
2254«

227
228,
229.
2304
231,
232,
233,
234,

2354
2364
237
238,
239,
240,
241,
242,
2h3.
24,
245,
246,
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Two congruent figures

Straight ruler

The compasses (a pair of compasses)
The protractor

The squares (Set square)

Proposition

Theorem
Problem
Corollary
Given
Data ﬁ_JLﬂ-n | , unknown quantitiesde-!'ﬁ'-l‘:w”
Required to prove

Construction

Proof

Q.E.D. (Quod erat Demonstrandum)

Complementary angles

Supplementary angles

The perimeter of a figure

The area of a figure

Rectilineal figure 4
Triangle

Quadrilateral

Polygon

An equilateral polygon

An equiangular polygon

A regular polygon

in cquilateral triangle

An isosccles triangle

A scalene triangle

The vertex (plural: vertices)
92_%_322%&5}2____The base of a triangle
The height or altitude of a triangle

The vertical angle of ant%igggiées

The base angles of ant%ggggi%es
A right-angled triangle
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An obtuse~angled triangle ol s il =TT Y
An acute-angled triangle ,‘1.5‘,-‘-5,}“ ol adio Y YA

A convex polygon = dowo gl =T ¥
A concave a8 &.L:g i X
An oblique triangle (Gt ey 5! ayld) ole) g UCTLN P, i

Hypotenuse Gl g8 ‘h-“ “*l-w-“yg Y X
Median sadl UB -‘::-w}an‘ pg-w‘-—'i' S ¢
The internal angles of a polygon il adedodt Ll dioy g g

&hauituldiqf'“»wio

b o)y Il Al €1

The cxternal angles of a polygon

The side opposite to an angle

4
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. Eﬁ-&?. The six parts of a triangle | Pl ey
’ 248, The sides of a polygon & ,!.g',_JI;L.}L_;)l —SCA
249, The perpendicular bisector of l.f.;q:;....hé.‘a.;,li Joerdl v €1
a line.
250, The foot of the perpendicular JgarndloBee =Yoo -
1
251, The diagonal of a polygon &'1‘*'7’“‘]!‘){"5 RN
!

252, Parallel st.lines ajlone o bpitime —-Yo ¥
- 253, Inteesccting st.lines anb B e lftue YoV

) Il ¢ - - - . - . -
4 o i 254, Concurrent n 1f 948—'3 adaas < 4#-9){:-9 < lagfiie 70 €
; 255+ A transversal &-l'-"E —Yoo
256.A1ternate angles dolos Ll —vot

; 257, Corresponding angles (exterior interior o fdin . ¥ L
. angles on the same side of the transversal) ool bl —Yo
z W ' 258, Two sides & the included angle 3ygamadl Tl ate s A
/ 259. A parallelogram &)Léﬁl u’-jb:a e A
260, A rectangle Jabomadt oy e
261, A square &y@“ -7 1)
262, A rhombus omaadl ¥ 1Y
263, A trapezium or a trapezoid O yode aad =Y 1Y
264, The intercepts of a transversal &*’B‘fé:—u oﬂtbj-&b-‘-” ”}'.‘*\“ —¥1¢
between a set of parallel lines 'igjl}'inc--l I

265. Projection (or thogonal = w Al BB g la
= right-angled). (Gl o =118
266, To describe a ecircle=to draw=to contruct '5_,3'-! e
267, To produce a st.line (or to extend) f‘?:‘a:"""“"]‘ ApaS gy
268, Diagonal scale G;L'i—jif\“;ﬂwiﬁ* —5¥ 1A
269, Dccimal diagonal scale _,L:.r-”ﬂuﬂw U;L’@Jlr-“f“uﬂ‘ef’-ﬂ a0 B
‘ 270+ The ambiguous case Gaged il gy,
» 271+ Locus (pl. loci) L;“J-"-(*“ Jewdl —yv)
Ly 272« To plot the locus e g‘”*‘-“-‘é‘“ J-W'Jlr-‘“_) —TYY
: 273, Concurrent lines ; Tas g ahis @'5..:3){-‘2:  lagiiwe T YT
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g il | . i 2764« Conrdinates (z‘;[‘_,_,_y] olay ¥y elilaaY _yy1
sl ; | il ot = _ 277« Abscissa (,_-:,l- N 9o u’-‘U"Ei) ‘._.,'é.ﬂ (.-.;""L:" —5YY
279, The x-axis (the horizontal axis) = Lgud! jaom =¥ ¥4
280+ The y-axis (the vertical axis) elolall gen —-YA S
281¢ The origin Jeo Wil v
282, The four quadrants . '4—%—“3‘(!1.- p! | [
283, Concentric circles JS),J‘:‘W“. Slhu YAV
284, Major & minor ares in a circle 3510 S o Yy WSl A€
285. Symnetrical about & line ﬁwwheﬁgl Lbl._-;,) s Lj‘s_._, S vk
286, Axis of Symmetry M) GRS
287, The line of centres of two circles onsyst wl}f',,.ji_l_-,_g. —YAY
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203,
304,
3054
306
307.
308,
3094
310,

. A circle inszsribed in a triangle

The inscribed circle
A cyclic quadrilateral ((auws’yy o 85N
Terzent to a circle

A

« A& secant of a circle

p- 9
A circle circumscribed about = *triangle ads £y vk g L)
Circum-circle de, g8 ha
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The point of contact uuL&J‘aiﬁs
Circles toveching each other oledl Jalall e plwlae st
internally or <xtcrnally.
; 1 G = B, Ay 7 T TS I ek SRR
Geometrical analysis (i femina S e )2 e SR
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Direct common tangent to two circles { 5 L) oafte ome ol | ol
S I » ” »
Transverse " n " " " (‘5 ) 3
Pentagon Guatnal |
Hexagon v e |
Heptagon &*“J‘
Octagon bt
g :
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Decagon - '
Pos " 1y *
Dodecagon Lol e as 3190
Quindecagon _ LLLoJ.E;¢m¢&Jigd
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The ex=cenires of a triangle sluwl b als

The pedal or orthocentric triangle

A line divided in medial section

A G IS Aot diie slad) 5.
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. The orthocentre of a triangle Ulsg:..l.‘:..‘iu.,;j) o.. o.]ﬁ,:l_ll % das Y1 UE)L." s
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Internally or externally Gpwtd ! s Lal Jul.ﬂikjnpﬁiﬂmfaudu

» B line-~segmcut %at harmonically

Similar figures

~ Solid Geometry

, Co~planer st.line

288 152 Bt i i
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Skew lines obliz Hldtw - ar ‘33.....“ & l...,J t)lng-‘l.um

Solid angle

The vertex of a solid angle

. The edges & the face angles of PIDPEIE

a solid angle.

. The plane angle of a dihedral

» & trihedral angle

» A line oblique toc a piane (O Igas _ws) aﬁzm.ii % R L R
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3%1, A cuboid or a rectangular solid 2

3%2, The prism oade —N' YT

L
it Lusl _yyy

28, A polyhedral angle
s A polyhedron

3%%, The base, or ends of a prism
%34, The lateral or side-face¢e of a prism o) sledlasg ¥l vy g
3%5. Right or obblique prism Jole ol B ol Yo
3%64 The p§ramid r.).bei TR |
237, The lateral & total surface of a pyramid p-e-U-Wb el e luadl iy
3334 A tetrahedron WS N 2929 dngl 90 pas VA
239, The height of a pyramid 5r_—__“_._fJ|&ﬁqﬂ ey 4
%40y The slant height of a regular pyramid rrt-” g.:h;-“f—_&_)}f.l 2Nk »
341, The regular polyhedra aﬁE;LJ‘fLMJ?ﬂ‘ wfEie )
342, A truncated pyramid gole oy LY
343, A frustum of a pyramid AL ppd v LY
34k, A right circular cylinder '&..SEJIE,,)El._;JI'a,;I}hM W v ey
345, The cylindric surface T L T Lt 3
346, The generatrix of a cylindric surface g"}L‘“ﬂ' C‘I’“"“ ] i-f‘:‘“r::“-':ﬂw‘“ —{ €1

3"“7. The
348. The

clement of a cylinder

directrix or the guide

I geadi gl Jd Wb v A

et - l b o
349, The right circular cone rsudl|JJlelebafbmJ S
3504 The prismoid 1 ATmmi :ﬁf B o
251« The section of a polyhedron CaﬂwJ e mr8e Y0 )

352, The
55% The

conic sections

sphere

354, A great & asmall circle
355, Spherical distance between two

points on a sphere

356, The

role of a circle on a sphere

‘a..Lw_»:.Jh.:lsl[ﬁJI R 1
S oy
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35 cha Gl onn 5 oam Sl wadl _yoo

U0 s gl S s IS o
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357. The polar distance «s oo oea 3N le Gagan s ",r'lut-‘ .__g-*-’-’ e Yoy
358 The spherical ang’le . ;-.'.'..z_g @”S“F:@l‘}ji __'f' o /‘\
4 '—‘-., A cwad rawk ( .J'{_-r-k- % & \A ) - j]'f e - T 1-.!:.:.-!'! L 1
360, The fpherical polygon b t taa S s ¥

361, The

spherical triangle

3624 Polar triangles

363%. A bi-rectangular.triangle
264, A tri-rectangular triangle
365, Symmetric spherical triangles
3664 Spherical degree

- et bl Ly
bl iy g
C):::ﬂjl)'“ r&l’ﬁ i Y
LigHl 2B alhe T E
bl B S Bl o
By, aa, Wy

LJ/L(»-” e
367, The lune - Eia ey b
‘wjﬁ’_:i abasi! 1A
%68+ The spherical excess e o 1
asinladl a8/
369, The Zone E ]

3704 A zone of one base

371« A spherical segment or a frustum of a sphere . X
3 e g a»l,]l'é..tsﬁ.ll-.:.h'aﬁx:aﬂ cJae =YY

saslysasb elo shi gy
EﬁUSlllaiﬁJi__gfy1

2+ Th b £ : -
37 : ¢ cap of a segment of one tase (;ipdlﬁLki“ ey
37%« The spherical sector : |
274 The spherical pyramid Uﬁ;n‘ﬁffJ -yt

375 e The

spherical wedge.
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| Terms used in Algebra
3??&%:@15 dgmedl wguadl oy vy
278, An Algebric Expression S yldle ¥ YA
379, Sirple Expressions ((dely am @) dhaguy dpen wolie —yy <
230, Compound Expressions ((Soly as e 2SS Bole) WS G ol Ao
281, Monomial, Binomial, Trinomial, Multinomial g e muad) gde aalydl uadl g0 v A
dg el a3S ¢ g ae BN

z_ 2. Coefficient " . et Jelaw —vAY
233, Literal coefficient Fro dalae —yAY
284, Power .3’5 A
285, Index (pl-indices) or exponent$ u.,}!l o Y
%86, The base of the power Sgddl el A
287, Becond or third power etc.. WL g1 quledt Bl k pdl sal) asdldly Gl G, Wl Ly Ay
788, Square root Ml)ia_-” - AA
739, Cube root WS::JI',..L-;JI —V A4
2904 Fourth root e, asdl Ly g
2014 Positive & negative terms le#JEﬁ+&yJ‘ 49de' _——
%924 Iike and unlike terms zwmx,—“‘j 'a-f-:ua-'in-" Jg sadl vy
%293, Transposing & collecting like terms Lpmio Aoy Ltz | "‘.9""'"”&“’-‘.9 '-’34"-“ s ray
Zz94, Algebraic sum (5 putnd | pand | Juole ¥4 ¢
395, The dimension or the degree of a ternm JhJ‘aa)J - 10
2964 The degree of an algebraic expression GU??J|J'JLJL2&)J -1
297, A homogeneous " (0o ly Gony 0 (e 009 Ao e Y aie e il oy Y
398, To solve a problem by inspection ‘l““)l"-"” Sponay Lo o ‘Ji'}.._ll Jo A
%299, To remove brackets u"?mu‘j‘ s L
400, To insert a quantity within two brackets VRPN . S | TR, SRS
401, Equation dolas g0y
402, Identity Byllae —g .y
L0%, Sides or members of an equation o uladl 15,1'-\ s ¥
4ohe To satisfy the equation WJolandl Ghey —g g
w3%. To verify the solution of an equation Wolacdl don ey —¢ 00
06, The root or the solution of the equation ol Jo Gsbﬂ‘u ";’l""ﬂbi‘f‘ —f e
427+ Linear equation bj3‘“ aay Wl e dolas —goy
L08s Quadratic equation 4l = = = e=feA
409, Cubical equation asJedl = = = —_f e
410, An equation of the fourth degree 1‘*14‘ = = = —{) e
411, To transpose U*"-‘*”‘J)J’ u-“‘-i)-!" O Wy e Jay g1
1124 Formula (pl. formulas or formulae) sy = 08—ty ¥
“13. The guadratic formula aebtdlis, W e dolandl o jppmws gy
k1L, An equation in one unknown ety Jggotne 13 Wolan —g) ¢
115, An equation in two unknowns g = = —=f{)0
416, Simultaneous equations awleYola gy
417. Solution by elimination W ded) Gyl Wolandl do g1 Y
418, Solution by substitution gl = = = —f1A
519, '&,é).c_“aﬂdl.n...“ -ty 1
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A pure quadratic

An affected or gn adfected quadratic

To make or to complete into a perfect square
The remeinder theorem

The factor theorem

A surd or an irrational quantity
Rational quantity

The order of the surd

Quadratic surds

Entire surd

A surd reduced to its simplest form
Like & unlike surds

To rationalise the denomenator
Simple surds

Compound surds

Cinjugate binomial quadratic surds
Abstract quantity (e.g. ratics)
C.mmensurable quantitises
Incommensurable quantities

The duplicate ratio of a:b

The triplicate ratio of a:d

The subduplicate ratio of a:b

A ratio of greater inequality

n " 1" 1955 "

SR " equality

Continued proportion

Variation

Direct variatipn

Inverse variation

To vary inversely

i i jointly

Series or progressions
Arithmetical progression
Geometrical progressions§

The common difference of an arith.progre.
The first term LG " i

The nEg term or the last term " e

The sum of the terms of the progression'
Arithmetic mean

The common ratio of a geometrcal progression
Geometric mean

An increasing or a decreasing progressinn
An infinite series

Harmonical progression

A real number

An imaginary number
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4564 Diseriminant saandl 1 280J1
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g « Combinations G gzl
%9, The binomial theorem o et 5 0 gy b
470, Pactorial 7! = \Z, vl =ty gbb
471, The expansion of (a+b)® o(‘?' + 1 Sl il ei,ii.
472, The general term in the expansion of a Cx\-"-“ S ‘3]3& g’ rl-“-” aell .

binomial

k73, Logarithms O K N
474, Common logarithms dobadle Ly, B Ul
475, Natural logarithms Gl =
L76. The characteristic of a leg f:‘()l’j'u (Trak.»-” 9 uadl
477, The mantissa of & leg ( pl., mantissze ) = Gydadi®iell
478, Augmented logarithms ot iy gl
k79, The four-figure tabile ' i.,‘,..‘.‘..nJh,u"l)..lecJJ Jgluadl
48g. The difference eolumnm Gl e s
481, Interpolatiom Sl o lus Boles
U482, The antilogarithm F«u"’-u et o uadl
L83, Scales of notation & s o) g
ifL, The common or denary seale of notatiom 4 da) 5 ptiad Obﬁ"‘”ﬁ”’*"ul%ul
" 5e The radix of the scale O el v Ll
L86, Radix fractions (1o N mioelalald j5u8) g L | g5
487, Radix point (wmj}wb—!"h‘) g L W1 23, B
428, Exponentional series g Y1 L 1gzd )
489, Annuity Aygiuw and I
Lo+, The amount of an anmuidy Gyl Lad w1 alos
401, The present value of &n“mn;lit‘y gy was wl) Gt Lo Gail
422, The number of year's purchase of an annmuity M-'“W'-Ew oo
493, A free hold estate — s
L9k, A constant el i
495, A variable eile =
496, An absolute constant Blh, cul )k
497. An arbitrary " L Mool gt 1t
498, A function iy
499, The independent variable glo'}!‘ pamiiiad |
500. The dependent " i =
501. Graphs 4 ! Jsa Yt
502, Bar graphs i bV e M dasndt JBs)
503, Broken-line graplis '&,_Jl,.,.ll‘il...i'..“.‘:}l-:‘é-.“ -
504, Circle " e lad i 25t !
5054 Curve-line " s b | inia)! ‘J’BL“-""J‘
506. Squared paper (cress sectiened) elage o |r_..3.J! G
= 7, Graph of a fumetiom alal l‘f‘l““"” JLall
%500 A linemr function of (x) oo I am, Wl e () alo
509, A quadratie " "nom Wbl = = = =
510« The parabola "@Ig‘i‘.‘iéﬂ:‘l
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The / ellipse
The hyperbola
Maximum & Minimum velues
Infinity
Asymptotes

Rectangular hyperbela
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Terms used im trigonometry

Trigonometry
The trigonometric raties er functians
The generationm of an amgle

The initial side & the terminal side
of an angle

Clockwise rotation

Counterclockwise rotattion
or anticlockwise rotation

The fipst,second,thind & fourth quadrants
?liy To rotate or to rewolve

"y Sine (sin®)

Cosine (cose)

Tangent (tanR)

£ 5. €otangent (cot®)

- 529, Sccont (sec®)
5%0, Cosecant (cos®)
5%*1, Tebles of natural functions
532+ Solutic: of the right triangle
L. 53%, I " n " leque-' "
f 534, The law of sinem
535, The law of cosines
536, The law of tangents
5%7. Horizontal & wertical Cempenents
538, The resultant force
539. Inaccessible distances
54*, Trigonometric equatisns
S54Tie . identities
S542. Relations between the functions
of an angle
543, Circular measure of an angle
544, A radian
A vector

£..ty, The directed line

Simple harmonic motienm
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SIGNIFICANT DIGITE
“iernificamt digits of any number ary the reliadle or »eccruiry
digits ~ digits which tell the dgree of accurae¢y of our measurement or
estimate; and which must be retainedWhen we change our decimal system
of units,

Any number is formed out of one or more of the following digits:

O %08 % 4.5 b 7 8B 9
The digits 1 through to 9 in any nunber are always significant but
the digit zero is not always so. The follecwing cases must be carefully
studied.

(1) The zeros to the left cf approximate numbers are always insignificant
They are there, simply because of the particular unit of measurement
we have chosen; consaquen!ly they are not important in that they do
not add to the degree of accurauy of our measurement and can be eas-
ily dispensed with by a suitable change of units. For exauple;

75, 0.75; 0.00075

The zeroe in the last two number: are insignificant. Let us suppose

:that?5 represents the diniance between two points in cms.; then 0,75
represents the same distance in metres =nd 0.00075 in kms,;, In each of

the 3 cases the degree of accuracy of our measurement (i,e., 2 signi-

ficant figures) has not changed, the zeros have been gdded to the

left of the number because wz changed our decimal system of units

from cms, to meters and then tu kms.

(2) Zeros in between two significant digits of a number are always signi-
f'.tcanto
These zeros are an intemral part of the number and cannét be omitted
by any decimal chaage f units; e.g. “he distance between two points
to three significant digite is 309 metres; changd the units to km,
the distance becomes 0.205 kms. The zero is still there, change to
cms, and the middla O is still there,

(3) Zeros at the right of a whole number may or may not be significant.
With experience and common sense, the student will be in a position
to tell which is which. THe follewing hints, however, are helpful:
(1) If the number is the result of ccunting, the zeros are signifi-

cant,i.e. the annual salary of the Us8. President is $150.000
or the annuai allowances of the British Queen is £500,000, The
zeros in these two numbers are significant.

(i1)If the number indicetes a measurement or an estimate, the zeros
at the end arc imgsignificant €.g: the distance of the moon to
the earth is 232,000 miles: it is obvious that this is not an
exact number; we have simply rcunde? off our msasurement to the
nearest 1000milcs. Wiz nuamher is corrcct to X elg2ificant figum
res only.

Again when we say the estimated prefil of a business man during
the year to come iz &7500, this figure cannot vc =vact as we
have simply estimated the profit to the nearest £100;3 the zeros
are; therefcre. insiguificent and the number is said to be
correct to 2 significant digits.

(4)Zaros to the righ* of the deeimal point are always significant; they
are important, otherwise there wenld nct be a point in putting them
there, €e8s 27,00m, meane that we have carried out our measurement
accurately to the ucarest cm; this figure im, therefore, correct to
bsignificant digits. On the other hand 27 is correct to two signi-
fieant digits.
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