National Center

Tar Surrlbubum Divalopmeni




% sribagd I ]
Ok Sy
R National Center

Ll QLS - pwli) Caall

T ol Ll

T
(R FEREA DI
(SO VR P PR | e
b | afe = o sl Ao e

(Geza) (g2 S0 " mlls ez aliy

¥ ALl 5 aglaT) itaght 3,00 1 pALIN
Y bl Bl e ST L oSO s oSO L sl e B S A
O 06-5376262/237 () 06-5376266 (C) PO.Box:2088 Amman 11941

ﬁ @nccdjor @ feedback@nccd.gov.jo @ www.nccd.gov.jo




T (R PN T - KA VRN S P (PN U RO KV P o (VRPN DN P | PSS PP i

{2022/48) 5 el iy A1 g ] 3200 2022/6/19 5 654(2022/4) 5 s §pesbill 1 el b1 58
#2023/2022 ool alall i oy 0 2022/7/6 s

@ HarperCollins Publishers Limited 2022.

- Prepared Originally in English for the National Center for Curriculum Development. Amman - Jordan
- Translated to Arabic, adapted, customised and published by the National Center for Curriculum
Development. Amman - Jordan

ISBN:978-9923-41-486-6

= # 1

= TRt
ﬂ:.a."u.ﬁl- “.:?:ljk_ilﬁ.MI

s O [ =l sl atys 2
v".r.ﬂJJlﬂ.;g\ :-J-J":l'_:‘-l.l ':-_.Li:ﬂl...s_;

(2023/5/2563)
375,001
peabiall g ol dloudl Sl gy
e S L e L ,,'i-‘il‘_.,_.-_;il'i_a.i_?-.._a:ﬁ’ e il e lluE Sl Gl

-

2073 4% L
.= (86
2023/5/2563 ).,

.'E_::I;_h,"'l | .'l"lf,"_-!l _-_-__.L_U-__., fi .'IIE_—'IIJ-"II ‘:"I_,I_,l':"JI' ! 'IEI;EJI _."!# .'II ::.‘Ib'u,!'Jl

{3

ey T s b o ] S Rl TR TN ] P R A T
.w;.ll_'..{d.ilﬁ:llél_; it R R R ..A_'.'ll-'.li.,-T_E.AJJLTJ-_J = bl B el LS Al Lesely
= = - = P ko = & 3 G .

All rights reserved. No part of this publication may be reproduced, sorted in retrieval system, or
transmitted in any form by any means, electronic, mechanical, photocopying, recording or ctherwisa ,
without the prior written permission of the publisher or a license permitting restricted copying in the

United Kingdom issued by the Copyright Licensing Agency Ltd, Barnard’s inn, 86 Fetter Lane, London,
EC4A TEN.

British Library Cataloguing -in- Publication Data
A catalogue record for this publication is available from the Library.

#2022 /21443 (i 2l 1aY) datll
F
#2023 /= 1444 welb i



42
[T

L

i 2 o e bde e o e ek i e s

o el Bl g0 3 S B
e gl s 11
e T AL £l 22

DY P R - R R

RN TS, & X T

s el iy Rl -5 e

e L 5 i g g R oS 511

i) 3 e Sllae 12 oyl
s G e a8
b

i i






=gl
e N
44284l
ol amdg s ¢ 3,V Ol 8 Lats aal e N Lailghl L )Y il O] e E5al
Ll yadl -:-L_:LL'.J'I Cdod LF'.E ‘I’"-‘L"-‘.'IPLJ 5.:.::7.”'6;'-_';; & 3 aladls »r?.‘&U.JLJ.r_J..L:.:l L;‘.L:__a.l-l Jﬂ;..” L EE&J.:.QJ\J
;.:_1;-;_.._';“__'-: |'|n1!|.7-u=-..j “r..h_g.uuwur-l.n. SLL;LPH.ML_!.- {--I-L':"rllh-"ﬂ
_‘,.‘_‘:..'L‘..I-l ol glgas .;J.._.uj.q.r'l atbtadl ez L;;G‘_ﬁ.zll Ladall Sl 1 T N |:1.;-—1: \._‘..ll.ﬁh i :La;
%..L#ﬂ' ...'.Jll_.‘..hl] ;,..: EJG:III}- n.;.l_..p-U.Ll'll Jll_:.n-u EJ.!Ln.rlll [-..:,ELnla.rlllJ J..‘._u_!n.“.?-rj] r.:hL.-‘..aJ] (-::ﬂ.'t: [t 5:.".'..;" :L‘;-__:
el H 2o gl o o Ll O] $Cale 2200 321 Lol 559 el Slae ) bles 3
ez Lgtsl ot 2 52 5 L oln s cp slall Lolnd) Y1 s plall S Y1 oyl G Ol s ol
“- | -—‘..-..--,.*_;L.J.:‘..H.F-Fluh}n-q'_;- e m TLIJ:F1JJ[Q.E.I'H-L1\LQ.“.E.§1ALJ1J-JI.L§!£
'HuL.J#.a.Li.JLJ%.—.:J]M lrLLJ"njjbuM1JA&LhJJJ‘A&-LMUR ‘_;.hq.rl'Lll.n-.il — it
LL_.-MII I..‘h i L:-a.-.ilh..ﬂ‘:lin.l' -:I..LI.L‘F- u.ﬂ‘ J q—e—l __:,. ﬂ._u.J.:.Jll 4..-n_ILI.-]'I F _‘_E'%W ‘;J.Llill ;.J.I:L'“- i‘!:':.nj
uLL:....-..l ‘_5,.1.| 11JSE%WI£JJL#| _li-')}i..d.r r..l.l.ll uu@l'ﬁﬁfﬁ|r|mu Ln:_..'-l"n:-llllJ
L-?_.‘a uﬂ.ﬁru..-.nJ.I ....n.SZ.H it "n._.-'Ln..ﬂu lnu -ﬂ....le.ll}'ln _:.J.ljll: ;1.,1;[]: ;""L'Ejllj Lﬁ-Ju.!Jh-QJHJ ,Ia_:J'.JI EB.U
Ll s calondl Aol o lem e padl Gl 3 g ol Lol s LT i >y e LSO
..TJ_;'L'.:-J..HIJ cilals --Sz]:‘_m"“ may: :T-ELJB:.;&]J -.JJ...&”_,..?:.-IJ-"' ;#JJ_.LF.I'] L-ﬂ-l‘l n...JL"_:.h r,..:!.l ;..l 1.-‘5'1.“ 'Lé.'LJu.-.ﬁ- [
q..q.!l.-.H.a.‘a-'}‘m.]'l __J..; j '|4.:-..i..¢.]'|~.JL.....5F|-L_;L- t-'-hJ"J.i:-L-.J:LL;J.JI.aJ1 Lamllizil H.ﬂ‘.;n._ld-.llﬂ..l.-a.!h!'l
h_.}-'i! ‘51_,..::: .1.]::_3.:..&.:..” Lalall 5.._u_’_‘g-..‘jl ._,J.rr I....‘LEJl E_'l.‘-‘;uo'w; Ll _L_-,-J-"-E} |...“.AL_...£:_:5J'| C...E:J-_f vebuai Yl
L eilondl al b vgb e LlL) el A B e
Al i 6l ] r'-*‘“-*"‘”-‘*‘*";_, Lol s Lo oS A LSO Al 5 e s,
"5';“'"1"}1 g3l - \ijLf.l .'.!-l aldall {:::-u.‘.'..; .._‘.JL‘_Q'l dalasiala %Jaqﬂ j3laa L;" ol u-'LF“ iJLl| ey
J;:E_g -.5.:5_‘.5'1 ,j;_f..-"..u ‘__;i:-l_‘.? i s el ..._.A'l.ﬂ'l J.u...a.- AE g elaiz Yl g -.f...:-‘_.r'l;..n A 1o Jd dﬁ.ﬁ« r,..g:fpn'v'j

COSA 5 Sl el e 2 (s

(5



4
|

\..u._‘_feuﬂ..j'lﬁ.h.m%]a;_.ul.-u..ﬂmkﬁﬁamtklﬂﬁgib“hm?uuwuﬂl '.i:-..!'
A g adas e Adlall aelad oIl

Cilraied il as stiadl Lolgdl ULl aluaY) ._.;u‘;r..._ml H.nL-un.u,_.JL_‘ﬂH.LhrJ.ﬁ.uJ'I iy
-..fll Lo uub‘u@]whﬁ'}wum] ,,_L._Jl. il gl s .-.J.-J1u...‘:-—1..;Lb|.--...l-1...u.|n...d..Lu..[|
ciladadily ;,_..J;.._u Sl Ma IV g ede wxal ezl ol By o g smaldl

4
Sl Jaallls
G_a'a.;J aekd b s L



---------

: E £ - g z
] T = ol LT I i I o [ s il wfa = 1 1 s|os el 1 *el vl e

y I B TR E S L= o 25ail 2o} asl o A et 8 ool 1ol BLESST 1 LSshs L) —
o Fe R i = riien e g L3 5 £ [ =

: j ;.. <S¢ 54y I | [ s JEEL g 11 O R R - | '
i fy il oo™ g sl asl L ._,...ll. A sl Lad 1.| r-‘h| : -...__.|
) Lo 2 - e e . E = -

‘.L.,.ﬂ..l... -L......._!l..‘__:_J_,_ -P |



N
dalal) 5 il

Loalall 23 mall Goo 1535 23l £ Ll Q0SS
(el pLs¥isl~ PSR JE PO (g
el sl Pl s e Sl

el Sty slaaiz N de & attal
U e

T N P SR B SO
Lo mall i 3 el 5 adall Lmgrell
el SN olles ks caR L
Agheal s Lotodt 2 0t 5 Lyl
A Ll Tslsl 20l 28 225 1 <
F * = £ - 2 . .
'P-H‘JE*EJ—AJJLJJL;LPLAJ,J&JJ-!J&C;J;H.EH
Sastodlpalall g8 Cilisen 3 5 alal S
x.uﬁj‘:'fhcb_,dbgp&ggﬁw

oY) e e S SO [0 o

ﬂ v . A __ E%@‘éﬁ@\éJﬁ:i—é}liﬁ‘
. f ' L 3 e B & ) &
LS 5 LSt oy bl o tlas

N



s

jgﬂicﬁcfg.duébbﬂt%.}ﬁ)ﬁhhlﬁ

L 52N s 3ol

or 33 oot 8 e ¢ A 26 B LSanl ST (3) 8 (gl b 55301 e i (3)

B 3 e (D3 G

Lokl Sl )

e & il e JS,.JL_JLU._#H—

3 5 g Franzdll sl AN SN o ,.a.b-._H—

S sb Lajg.zﬁhh.l.::...-.._lh_: .q.ipaJ..a

ol s

1)

1cml+at Jscu. Jabrwsld 2 2L i s ,_SJS -3 1 12)

J.aue“\'-.:-l(,i;-j.._.-,m 5 2 L.,.,.-:ﬂstﬂ o celall ,.Jm(ﬂhﬁm;ﬁ L uf‘ &
adsds 3 e ol 238 S iy 5

g

I!!I.'o-

;;;'ljﬁﬂ .'hé ;EEJLJAl%JJJ-;Uhﬂﬁ

mal el J.,;'.Jqu.JL;;a»:..-rsI;—Jl;,af;‘:‘lt,,.u|;a.;::awxfu‘m}ié__‘ﬁ A Wl 4 |
q—LLi-'le:llJ'l—‘-\ij-'ML"lh.'Jull : ""11l..:1 Lgadr.bu|fkd.hxmif-jhl”u_$
.Jl.d_s‘;lu_h_,_m_—u 1.13'L,‘s| _,Js : umjm_,ﬂ _fLL_u_,i,;L 5]
Sl L_;J..;;LI{QL.:..:?-LH{E}L}.A.«'}LM ...:L.EYH ,.a;-..m Y @
ﬁ_n_;l.u.utm L'}!1L;ch.ajumww .;-AL;J; Sl WL@J.:.._ ﬂ.L.,J_m..Lu....ﬂ.a.m
u_......'l-u'_')ll.*u_jj:a 1.& Llll.i'.ﬁ“g)hﬂjh:.u._&_’ga
I 2 2wlS ..:.!-"" (8]

P [PRNES]
{L.m'ilmL,n.L;L._tr._.Jl{_HSLI}Lg..u_.J..M_,—MEL_ﬂ L.:.a.—.iunLﬁ.JﬁLmL....ﬂ,;..ﬁ._,n 1
Al s gl ot LaJ ._-..JJ; ] #}ijldju.u_ﬁ..m.‘,“_m 2

a-‘:‘I-JHMIlJ-IJLF!.mu_.]J_"‘ JU‘P_vn...'-Jl _&wdakl:‘ji&_‘u.‘l .-:.'L-;’-.Jt-ﬁﬂ!l 3

#
F



Scientific Method Asalall 4xagiall

L Scientific Method il ioegiall U354
A Loall s 3l Lakall ol o] fpo e g U3
alj_sgshtuninj;ij.uuﬁ,j_;g_nw_.a,u
Al b )55 o) L3 Lalad) syl
thL.ﬂ;ﬂjlaMJduﬁwu;unu_JL.ajﬂ|d&Ldr
*i-br-ﬂ-“f-:eiﬁ:fﬁvp—ﬁ-d-eubbﬁ—_#lagﬁ
- Tl d BT T
gmu];L“Y!JlYHJLLQ?QM;LﬁULMf

3
La il

as ol Hlesd

alall Lol S et (1) :151:'1

uwjaJl

m&\qﬁ";
N e ol it

ozl o Amalal __,.Q_.JL
e
alall Sl e

sl i

ol Zoegiall ol ghast (35
J5 el g S -
- ReS) Lt ]|
Bl o 2t G B T -
ﬁﬁdldﬁ..‘,nu,m*ﬂﬁ;u Jq;hi‘--
LSt 3 Sl et o -
AN (R WNCH IR RV
Lowgradl 131 3 slalal) 3 g 2550
oS o

: Aoduahlo quaslabl 4

Scientific Method Zeelall Logtal!
L Sall

T

Observation

Hypothesis :.....a sl

Theory E._r Al

Prediction ;;:Jl
Mg =

C10)




._.-_:f..l.-l!f:ﬂ_._i.ﬂ
LQJ&JJ.EFLLI }h_,.njj

Pl & 1*_

:.-...J-li."l ,_ﬁ-u:.la:-‘-r..-.n |;.-l

.h.a_n.hl__;t__;;i_..;

.j;;jaa 7 Tm?.,-JL.&.' (3) Mr

) Observation and Asking Quesﬁmim -\.Lﬁn‘iLi;'a 3 ll:r‘)'l.a.h

ilss 2 tObservation Al Sl el Lol a1
plaszaly Lo 8 alky Gkl olhesll ol l0-Y1 G s
2inef N3y Leghgey Tados Gelih S da ghoy 5 ¢ Sl

¥ » e
Al g 85l el o jn elde s Ol all 53 el 2 e ool g0l Lt
’ 3 Sl

(R Py O gmuuuw_.p‘_‘,_-ul_bwqt@
Qualitative Data n..f..r—_f:JI ;..n'l.;L::.'i'I o IR PRCH | S | S T |
W5 s it Mg ool g1 Jto e s allal o 555 A

18at A SUL a5 Quantitative Data 1450 SULI
3 .a.Ju_h,:,“mJﬁ“p_,..,.Ja J.a L3

Le tuIJ_a.q n.u m Lgalaszol 5 bl s 1.|_3.J.| u_.d-u
(2) JSa T alenYI Ze ke C,L,._,m;_

Szl OF o 3505s) el B ol il a1 45 3
LT By b gn s LY & im = 2N BN o 5
cili> al okn 255 ymal 30 53] ) 2T g peae b _.uu,_lw
& pokzey il a..L..:1;,,M.-5Lc.:FJ Loz ,.:mJL.J EER
ol .1.-,-“ LlaY| fsace,? S Maal 5 e Canall :,’L.':.["ﬂ
1 EH ]

wil -

Forming Hypothesis <5 il -:.;L...a
UL ollas Sl Flalall pasey
iElal bl Sl ) 1S 5 L
ibrl;;aﬂypathesls ST | PR N |
Ll S5 Cade e i il
b,.__]l-ﬂ._...au..._ﬂ T, Lé...-»‘.-...a_,.n
st Of mu,._-.f?;tuﬂguﬂ Lals
,.5,..L.p1 a 23 Jf-u ~|...:.ﬁ’

(3) w!"’““'“ JL.J- n.gL..._a'}‘! ‘-Z;:"J"'*‘f

Wk

_}J.?u u.JL....IJ!



' & j.‘ :
Prediction ‘“ ]

*E L [l i R L [
L-J Predicﬁunj.::lh ela *.'._,;;;I QS.;.L:]}.‘J L2 ..:.11 o ;L:.:..

; F

i

..__‘lll.;:blld.._aju.’l a....jl.'l‘u_-u.a.a-—n~;.a£a_‘umrlﬂ.a.n ;.-'L‘ua

Bz ollalh |

it b
_}..L‘-u .u,_,]_p.ﬁ[ll e ._;L _}LHY] ,_u;_}..bu ML#Y' '._n-'u'_‘ ]JM

,_l:h e Ll:'.r"‘-.l.

&

IIJLH,_:\‘“ Iig_.-’:]";‘ l;_é:f.vl-ﬂ1 -:L'..w JI-'YH
a-;...pq‘jull_b.-"u.djll_ﬂ.u:—i Lﬁ-.,.u...ﬁbd'lhf-ﬂ.iun

_L*..Luu;.a.a-f_......

Testing vaﬂihesis fnd .E..H iL..;:‘-'l

Controlled i ssall ialall & >l 3 b ,.c-u:.l.pa...,a Al __,,-,..j

~_,F'.a.ﬁ._: _}JIJ_;:. Les elalall J..‘,.J__. Al u.:J_'ng1 ;;M +Experiment

J‘ 1 ]
1..._.......1-1 -Eé}'l.ﬁ- -.:&_‘..-r.';] ':"_....AJ_I!I_, r.g_rjﬁill__g @d,'l_‘

s s Jsaw 3l s ilie Laﬂi'-f e

_-

-L...J,:.-u-t.....r-\____d ﬁywuﬂmtwhm =-|,.1-—.'§|

,,,,,

3

,,:jr‘-"-.':-ll1 ....s'L. &l 3 _'aI_J_,

-s..q.Lw.lla..r.-.-....'iluJ....L..:-Luian.ic- s Sl $led Mg
t..a.m__;,lla;:*_]l e ¢Control Sample &zl & Lo ib padall
P

3 # & ;_ [ = P -
ok gl el el el Leudi Ay 2l 04

2.8y : o i
L';Jll.,.sr_a'i_-‘;'ﬁd....a;u._h_g_": :

;-.ﬂ.‘h'...L: = IEJ':{L.&JHE.S:J1QLHJJJI'-MFJ|M|I ETI;S".L:

s Jadl il 4] sl L3 5

Fh - s
Fre ot et 2 A M . e 2 ,_I_._,.-" - 1= 1 . - =
J..Li.rll L ‘._..5!- E:_lll.ujl UJS:-J Bl _,-H:‘l' ‘f-'_,-"“Jl 'J"""q"", ? .I'""E-'“'__ ll.__"'"

@) 2

Al uaJ&:LL&JlJ__,HJIJg_uJJ]mL_JUJm

a II!""""""'.- ,_\5:'1" _,.k_,-:—” '}I‘L“’EJL“'! ‘-,.al:-‘..nY| _J-"'-"'I-Jl,—‘l-.:llL...t&”I ‘

i el =Y

Poodpy i
a5 !,...zu... anadl

$ 5 » 3 :
Sl ol gl s g Sy ol g0 i

| "..q.q.l‘.‘ll J.a 1+ sExperimental Sample

2 e L
SEN 7 ew S bzl

12



gE I R ¥
J_-., =t ) d.a J oo =
3,40 (1000) sui 3 clss
el ol
;j:.'u,.;h s 57 20 o
el a3, (5000)
B D S T E T G

\j.,_-,.—'-.*—‘r! 1350 el il

\C

e i -

e L Tl

| i o uls’J._..a- el o S e 5l

Tk s .. . A s
J.:J et HL“’?J P FJ-’ _i.._.-...:.H_i_:-u ﬂ_uﬁ_,.l.!.t‘.ﬂlh
=y x

peass G LDyl ells A5l B
P | |
.L}.a:_._JE _’__._.,.J1 et Ll

' '

éjl:.ﬂ asal iu_-_-_“_" faesia]

Dependent Variable Independent Variable

-1t 2 di WP .3 A T
kt_ﬁ-,q!l. - Py d:l.: J]—_-“-'_J gEfTHJ._n.nJh.J e

= T

J:_..;:..UL:EJEI:,HI;J_H .EI'.':-‘}L!:} ..:.:1#.};.&.;&1_.:1‘,3 j”L.l\hl § _'aj.r
2 = ] i

b by LE o a8l S0l 5 o
3 g =

-.,.-l—:":‘-'— S ;Jijal E..JL-..'H e = ";,_? 3l asl {:.‘!.'L!.H Lo
N el i Pt PP (O N EDDRNS

DLW k0 SiEA s

A Al Sest (4 s

(5) IS Sl cLgautlss g~ ,all el B3 3Ly — 3500 l[._jL.J|§J__,_-,:.J@nJ.1u;T‘-f..:J

(137

unﬂqu_}%ﬁﬁn djﬂ_ﬁ/



LI Jazr 5 Sl

SV ol 5 A o el e £ H.,...a1 S of ot Ul B
610y Ly FRES ,...a.'}{ _,.,ﬁ. ‘!hﬁﬁmhuﬂglw'll

b Al el

ﬁ:,au,;‘;'lv.éif-:.::ﬂ o2 731 4 Sl Gxor i Spn e 23] ALl gt O dimy
SEV SUL Dot dets 130 a1 5,300 Sl

(a1 o ) b 1 Sz

il gl e «LLNI :._:_,.'1;5:- Ir= e sl ,__,-;:‘-'-: S 3l as] il A=l
Gniiis Bl sl e gl G pAnll Ol b B s L 2 AN
Bk Gy B 25T (ALY

(A & o) B A1 JLst)

_3:5: LJLH§1¢JJ:F.L1.L@L;JJLM ..#—.1) }."hl 1'!.1ji ,...‘:-n.t_.....-lld.l_a.a.ﬁ.u

...:._......_‘ﬂ :L:: Az ; Lf-j'l--ﬂ}'l-] ‘_;-"-'ll;"ll .._‘.;ll ‘f':J'-"' _,“5'“" ||’" d""l EL "-J_;"'E"'"' ?"LE' J"-.‘ =Us
s BV e sl
e lodl 1SS

Y ga 5 LY 25s g QJMQ}TLEJ{EE} Sl i 31 55] Slall 2

Al g ) slesYl

Hnuj‘}.ﬂ udedib1J;u}L1u "o Lo ,.}.-14,1_,5 11...11..;5“_“.:.,_,

gl A e e u.....:.,.l-.a..;L.p"b'H.:.:-—IL.._‘ o

l....n.l:.JLml:dl-:.L....- 3 kil

,Ju1uJ;memmmm1,fb 25 Lahuh,uwi|hﬁu
o 3lsa) ol 33 b oLLY ,.zu.rr.l.:.-u..u-.J;..r Al hncm;.g

1;qu1ﬂm]mﬁmﬁqa¢a})| ,¢|_.\J1L.;._.._H_J;L=.. gk

Jadls

HM‘wJJ.L:Ji _;_“L....-.-Il

h.JL,.l_f;.».}E_gum“w.L-...u 5 o i) _.Ma.*.luum._.ﬂ.m
J_.:.I_u_,.. ,.a..JH.J...nﬁ sLazll ll;..é...rlLﬂ“JJ.L1|._.ﬂ.L.'l-r.i f»..mu'l;._-.

pll Sadie b ._,J..._..1 ol il s 21979 5Le Loy G5

-

2 S
Sl " P T |t T B SPCTR -, W
R _.."":"J -| e 4._'1.-_| et a...:l_rzh_?- r;_-} ...-Lll

?,:,L.,s-jj'h;_.a*:lb-imlu1




Al S BLNE a0 (8) J5eh

G5 ol el
'f_‘—:__,"?"'” :tlll..l

] =
AV A A

it Al ist 7 oy
"—*—"‘!—':-‘—L:-'-.!—';"' rldl
Lol s o L
,_,;.Ll_m -Lnl..r- .,.:-r..._.m_U
J_p-i et |1 _A_l:-| gl
g".:rn'l‘u)rulu,.ﬁll;._nmu-

Sand e o 3l "-".r"-u
s i Gyl 2h o2 Bl
158 csl S5 is 4l
rm fﬁi s oll3 e
.L_n...aji,,_.;,;:;'}'l._m_: [ ¥

T :

., o

(157

Data Analysis o/ULJ! ;LJ.:'_;

Lol L o) G b e U [0 LN Jlond
el ol p Al 3 3 V1 e ke Leldond) S lsns 13 L:i.}.,,ml
ezl i) Fp BRI 55 &35 bt sl ol | [
Meh; 31 s A b o pminy ) 3 351 3

U1 b Tl By L ilaally Jonsl Ll e S
ompradl S e dan ol 2Vl A b plal & ol S e Jis
JBT e g g0 IS UL 055 el Sdl Loy g cialal

(6) sl

Conclusion E’::'L;:#\Jl

=

JJ.AL,J ez hJﬁJLﬁuim._.:uu_JLiu] Llow ,.“Ls.._;‘ﬂ_’u_.

L.éﬂ]JLbJ—i_Jljﬁu...:utLE:ﬁ_p Euiﬂjf .....'.\-...U

M:-J\CL;[‘_HL.LUan
P_E_;i ]._.‘l_;iun;GUIﬁMJJ:—1¢LnJﬁLJL“Aa~EZ;AIS1

njlg\ﬂujr_é___, ﬁ_«.LJ]Lﬁ.JJqLﬁ..J]J_aJJAJ.u_u ‘."L.!-«fj-uﬂ-":
l-*fit',;"“'-.‘;:}""’g_é"é‘:"‘

-E_: ;rn.jl-‘l.....a.d| L...:FHJIJSL.._.:-...HJLJ a.=.=-u1/



LT e )
B SN S
i ‘[ S i
el aclly

UL s slowil 3 & gl ]

:d..dlhliﬂ_gh:'n
25 el et sbadl b g samll 35 (o duin b E gl 6D
A TS 1 Lghe falan

Alalall 3l A ol 2l 3501 6D

]
f

LS Gt S Jal oall g il patall y Jonicall yasals L
Ay yaill ) ash Jawsa 30 éf.a_,f :Q1Jfﬁﬁhi::zu'ﬂi (4]
Ay a2 B 0 3ty 2l o 50T @)
Aadall L3 cliz ) 35 0
Bapa il el Ll b ahad 55
_::ILLLL;;JL., ALl o g 5l 5 e slaall ;e Sl ) mam 24} 5l I;..ua]- (8]
U Y s el Julast 2,15 3315l sl 28551 DD
] H Fk‘-u l
Fa el gl
A gall Ay g abet el gL i el s g3 D
e sanall 5 e et Al Brnle e :
25 dedied yeim Chuall Ll e Uette oz uat g Ln#;;u:jj,._ﬁ/
A fe Zugl i aladl gl

= ef = > F £ -
3_A¢9@1L_rﬂr_.j_.dl1 :_;_11L_;_l::_.1‘-_‘|_5:l..'aari_1ﬁl,\_nuaf :-"LE__’&].‘
ALl il g laall gL Sy ALl

sl ey b 1 (g g)

&

s ..j_gu_?__gLg_gfj_;uwwwu;_aﬂfgmynﬁi:ﬁuﬂs

sham V1 i 30 o lnallas bl Y oo s cleldos Llas ot s > 5 ST lghmaes Le 0L
it g e e ks g3 Loy UL 1B n -
A e e G KR e

A A “E
| -
AN

(16 _JEN

=

g e



SLalall Lovgrall Sanl Lusds ME Sl
.gﬂ!jkyﬁiiﬁjsqafddté_i_j.

O PP PR B P P PRy 9% SRS WS S T R A B

, f A (S s Al ada Fe 155 g

A Sy A gty ¢ el Zaallly ol 2ol el o
Gl St el b 3 () st 3T im0 1 En ranlell Sl i 8y 25
() Sl (o) Slacdly 1) Al () Slecd | gacinnal £ ol /1) priiies 503
oo 51 Ll gy 8 A1 2 V1 SE ol i 1S L gy 2
el gl o Bl s 20

= 2
@J:ﬁfulﬁﬁlhﬁﬂ;#m“ﬁ‘ ol s el 251 2 G560,

7



Biological Sciences 4glall 4 sl

Y |- Biological Sciences Egl.g-.'i’f ]"E 3—dall jf.a-}
u;:-_ad-l.»ﬁEL_;Jll fhhwd_;étp_!.d1 _i-,.ﬁli.‘t..ﬂ.j
M‘f#'?}}iﬁ‘btjiﬁ&:-iﬂjmj I.E—‘r‘n:-h
Ngaailast U3 3 Loy co) 8IS 2l 025
il 5 0yl Ll o 5 S 55 L giials
(8) jS..fJ! ;.L:JI gL, Li...::.u 'L'-'J; h_f:jl LEMU

[_:u;h—_.,tfi_-:; Pl Wl s fa S (6) IS 2

e

LS L Lol Ll 55

Lé,_mjlj_z‘_,tmgjlﬂ:%pplféﬁ_,*gns1

o8 e B ) 2 1

Slodl 83 g2 e 3 Al o Gl

2N E':L““ e

sl 3 L3lonll p ol Aol ] -
calds s OLIYI

335 &l bl slale 550 531 -
Ao ot b e L )

: hodbachlgualihl <€

Biological Sciences  &5Lowll 3 el

Botany <L ;.'_l.r-

Zoology O sl lf,_l.p

Microbiology &l elYl e

Magnification Power F‘Zﬂ'l :J:
I e

Resolution

by




"
&
-

-

Branches of Biological Sciences idladl p olall ::ug
.Zoology ;;I_,::-J!F.ls-} ;Bﬂtﬂﬂ}'gl::]'ur:lﬁ g (Bl daass 2 skl F_,.l.dlf_:c:.r
A7) Jﬂ..tﬂ ‘L] (Microbiology 43| LYl ;J.ﬁ}

Tt - " V-1 . - T ’
.Il.é.TEII:-_‘n:=dLJ—_'IPlJ-HJI' ] 1.‘;_!;-:‘:.'} 'ii.:-..!ll
= I (mdese L

-

s B e A ) e P L PR sl For T Pamimabtia e 5 gS s Pavcall el AL
= it o - & i - = - s LF = = e
N - P | hize & PR g S I 3 =
Ll e a2 Ll B RS et il s

::v..s.?_—-_: I_é.l-'rthl| ,:.:._7'_.':&_’; :q...,.l_F.J

ey

Ceneties T ;) fio

r——

b NS Das [l
oo s Tyl Lo o) S e

<

il
g

o Lt BB e A

bl

)

= '|.-"..,l 5 :|I - |.| TR
drreadl o Sowrgeaall g A el e

wssdl

(197



Importance of Biological Sciences iile! f' sl a.iq.kl

;Lé;'ﬁ[Lﬁaaan;‘lﬁfLanU:,ML;J| |
.z_,_,_,l_);.,_._L_,:,.,_,_._,I I_;i:-ll J\a.ﬂ| ufﬁ&l IL:H..'I-._.L

3 a5 ol hﬁéxlﬁ 1Lm|¢.Lﬂh,:JLmLmﬁrJ:.¥

i
=

;Ig: _J_p'l..a}'l ,.pd..;.g.a -....I.n_,.'Ln.a :La.p.q.l-...-'_v-. ~....4.L'I

5 .?—‘J”' ,r‘-J_Lw.l t»a ﬂ..:.uL_..:!all :a-}.ILnJ u._:_....m.ﬁ...-ll'_j ulLé.q.b ﬁlﬁJa.'llj Lﬁ?’-‘}u
bl e = VI ool (gl g iels ol g cslaSTI )

‘-m_?ﬁ l_;ILF- -.f.-.:-h..ill ::LIEI'-U -..-'.-:a".F-Lq.ﬂ 8 l.;.:a—\ll -'lll_} e

.._..-_?a.lll.-ﬂ f-|_4_w_l||{ﬁ:||_.._|1a:a|u_)_3|.ﬁull5;J|;-L._|.}||'I_3JI...J|:—L._~\1|| "
.(S)\_}S.iﬂ;'édcl;ngﬁd.ahl_rlpg.h:m'ljwl-}@‘h“l f.,.Lﬂl

-

SN sy e e Jo bl plad) Llour2(8) T2t
v

- ok H
a ﬁﬁ._"|-|| s

ARPRRY
Lo et ;'..—”J Aasl=

(g2 b Lo 3L
Y.JL«.I L,_EA,; 25

£ 3 Tk p el 130
:_j | sl ;.;‘x",_s: ke
s pealld ol 1 105

S el mally el

Ve

v 3

I;..l I.‘_L."I- ,_F- Ii; - i-u.l g_..,.._".'-]
gl [ o gLl ',L_:]

aall




isloel p shall gl ol s
._; paensis el g '& Stages of Biological Sciences Development

Loy U3 a3y ool St Rty 2380 e SLuSYI Szl

L.f?'i(’:nhll sJl| £ a % s F -8 ’ N L
9 ;:.q:.alr:.h,aﬂnﬂh.ﬂdual:;dﬂnw_aﬂhgumﬁmu
._j'l;r‘)uuru'lﬁ_a-mL.:J|ru.u'l ;J:.ou]Jw..Jllnal.m\J“I.Lm

:]_g.‘lm.;'?_jl“v-_:"-?f.ﬂ/ _}j.li::.r L-.u]...u‘ jh.n!i.f- li#.!-..u..lrll ,.F-J.l:-;.n.-'-‘l.éui._ﬁl.w.l‘ﬁ”h.ﬂ.!.w

G,
}:r
(

L.

- 2 A9) _‘_JLx.i..l'I Ji':.'-:'l LEJL::-J1 r_r“'l""l

; < pe.
.E.lJ_I..::—_IL:-_'_:Ln.I"_::_F.;Jﬂ.T '..:-—l_._..ﬁ {_9] fean

3 v

:E.#.I_-."ii* "-1_";...:;4.1 :-__J.._"L;..‘ ]
L Thaalad W | gaatal g od el cd Sl Lo g phanml) g semall 2780
II_-:.-_;_.;.Il_l 5—;-1_).-' ._-.l_i:L:-lﬁlli 32'1‘—-[.'—-'“ Tlalasns Y E-—;‘:ﬂ:‘;—;_:—}_ﬁ-;'—ﬂ I-j_-'_;.z_'t_ g.;:#.j| _‘___I,I._-_L.l.l‘;__';

A Y1 5 sl
BT _,. tﬂ_-l_.ll l'-;:..ul| -'I::—-:.'I . L3 ‘L.n_:r_| |.€_....4 | _:_5 l.-‘;_"..a_ :: L .".T' :‘é__l_\_;jl-.lj!! I_En_':h.l
Lg.ai_ﬁ:u__; ~ 'ﬁ_"n.._,; [ '.l'_:'-.ﬂ:l ._...;xl lti_' L "|_g a.i_r_"' _u_'n___ s r"=| “-—"‘—"..:.' [N 1:_'I|_-'|_._I_:_"t_|| o R Lt ol

! ﬂl_;ulJ ,_.a_-._u'_llu_-! ‘“,_A_:'.l ".I i_!:;jr_.l 4.::.',:_".:1.-;_'..::__'.:_3:]_’“& {4] j.-_a :_-:E

sdgathsy! 4 all § Lasdl
-1.3£J_£J1fj_ 'I;ej_.__.,_a.ﬂ_’nm I:j;;u'_‘__.._u_;a_..l.ulj.__;_:Jl s‘._.n..r.lr?-'_l_'.
1.,___‘_;__5._;_‘;1' '._.._'.-l .:._ul_g‘i_.} |_-.ﬂﬂﬂ.ﬂ,:||_"‘|_:|_j--_-\:-_' |._b-_'|_§-|__;_d|
-._1.j.:4._1_u |_j{1_1!.3:|j|_;._"aJ|_.J |_,.311}‘..:-_’_.u_§.l h‘l—l_rl_ﬂ_! #._..:u_.l_l_..al:-

Aalall (e all)

"'n. I.I.II-
"lI:_jJJ 'd._1 '|'=.r_|JrJ|_‘J_L|_l;_I_H_.-.nJJ.a.__.|_nJ ;-l_a_E-._l_J.JLL._.-u_u' w
_'ld-l_i_’n_lﬁﬂ_.,_". ._.-'._n:! _.;,_.a.:r_ﬂl_k __".I:r_br_ﬂ.a_ﬁ-._ﬂ_g...l |_.n.._i:= |_’|_|h_I:'-_J_"A. w

3

-'I.;..;‘E’I':._,\.;--J_.E..I;_I-_C-I_ndl_ﬂl'.él_u_ ___s.a_J_q:;.a ﬁ:n; @

T
_,:J_IJ J_s_a__JI_J.:_uI "]_JJ_.‘-_;_.J._a_l_J_ud:- i J.L'I‘,'_"u ]Jj_-ﬁlfzj":,"ii

.L..a_,.e i._a_._ ._J.:J ‘__‘gg_;ull ._n_._&- ,:n_..al ._.S. ..nln.l' -._J_J_:r___’r'l EEI_:E;L”
£ = t
_’_l.ﬂ_j- 1_;';; -_L'-_’__,.H__;_pla 11.4 u.:-._.-;.:u. -J_J_!'_J- _;u!-=_|£'- ._!;.n

“1‘-.,_"5_:“ 'Ia_._.u.. ‘:,_A-\Ell L....l-..‘I Loty I\l

. l._.u_'. *

;.."n;l_;'...-n-s.-ull{ E:—HJHJ:J)1J_11L,L1—I H-"'} I‘_L-.U,._,_-r'l._;l L_‘rul _ﬁ-...._?u'l
[:._'Tth“[m-'ielb'lakerta_._a__.! Al sl 215 ool J..E-%,:;_...;-l P .1_‘ as E—J‘«.;L.J:l-lr.lJ.!Ll

-

&

aciall i '3’....:_;. ,u"lhf'}".a_;.la].a'lr....ﬂ_ﬁ

217



Biological Sciences Tools 40luall 9 oladl & gal

‘_g d.a.l.a-;.......h|._1'l nJ'}'IJLrLLﬂ- JLP a...-L.:.-ar'l -l‘-a.Ll'_-l J...::. .LLA.*_I

'}'Lf-..n CT..a' ) _:.'.5 .E-"I_rn:-'- -.'.-'_:,éll_;_u' H.LQ ‘:fn._a.:‘:.‘{...-\h”__n ~.;_==-.:.|"|

ool 5al § sday 1SS daladi Slastuly ol cllall Lo
reledal Lgeaseny lLslandl o ol
Light Microscopes 5 sall alseall

: 1

;_,‘ ! - = - ] H iy e . J: e :‘
‘.h;J‘le.:g_'ll e ':___L....J| .d__.'l_‘,.ﬂ.lll -1._||.L| ‘-.;‘ ﬁ J_f.] E:_;J

_tn
1 J

£ S & . E
5ﬂ| .".a_,.....r_r-'l ‘.é:,:-;.?ﬂ Lgs o5 u"d...n_z 2l ..-E!i.-r_-m_l| sls oy gl
l,.;- I34s S \_-;.‘L“ g...f -nh!i ..!,.1-;.:.1"“ ;n.k:.-l dLowle S

& &
- __'i-l

.E.Lﬂ-|_g :‘«.:..:i: :‘«...A.Li:-_g LE'..-_u Ln..L..J"I ,.‘n..u_.n < 3._..._....*..” .._..IL...n.Ln.Ill

s 31t 2250 3 _fu A Teally it
‘L-'L-L.Al'ﬂ uh_.l.-h-:ujl-‘ll.dl_r_:‘_ ._ﬂ .q.]'ll‘_fl_..d.ill ,.e.ﬁ-nn.lﬂl.ﬁ.ﬁn...ﬂl..l
\_i"”‘”_':'ll ..a.'-uu_l'l u.LﬁuLnJIJ'}Ins-—u=a..a.l'|n1.1.!l.ﬂ-..a‘_..:.~u

E:I.”-.;;_'-‘y' als oa Lz ‘:f.'.ir.rlll -:u':...,. =~,..:. 3..5-_.&J'| E.n...i"a"l ;iq..

Leen

-

A(10) Lx..ﬁl g 2 UL 0

£ F
R - K | I |
i.:..._.!_'l\_.:...m...'..n.:'l

;I- Ey

3 -..JLI 1}...-9'

(w)

.s.hm.l|-'fll.:-—|ll.a f /

:1.._.3 FIIJM\.&”

(10) (K2

s F oy & LRy R 11 #%
"T'E-J“L-II:;-;“i'I E==all(D)

"

1] r.-r

.,_:_=L ‘i':'-‘LH-'—'}




(w) (N

2
(1) G52 L 2 S G R
- R L SR _55:; 2 45 oall AL?HJ|j 5 el dwdaldl pdss S
2 i By {

. s A ER 47 wd W
il oleds(l) 2 i % 5 ; g . .
ET R el 3 gl gmadl oS0 e e Gl s e 3 5l £l
LIS S5 s Cles! Magnification Power J..S..!i n_,:,._..-
’ -, BE 33 = g s . . 1
.-_J_.:Z.-_..s.'l- _f-_..-..n-.u.l s ISJ,_.:..-M 2ad ol am Ceany -.-.._..S_r.a.l JJ_J.Il J.é.‘-‘:"EQJ.I

.e:-m.n.a..-.‘\.lll ‘\..laj.‘ (11 |.§.....| .a'.'-ﬁ:m| _=_=;|;_:“‘J"_||:

Al g.,..u.n 25558 X Lol Ll oS58 8 =5 20 [ 5a)
{2000X) : (40X) | .“.,5“ Sl ol o5 S g e
2l

E :;:' e d'll ; .LE.W—_;II I.-G.Ju'-hl.m-ﬁh” A, || _‘:__'_,_.L__ _'?Mq..l'n._:..'_ o .,J.
EE— #

e . : - .-...Q'.llg__-“-._.-ll.-.m" \J.'l '.'!La'.-hn.lllll-
- T = B 31 = y
l._._-_q.-:_‘-"\.-- I:l_'l__- ‘-_l.-'-" H‘I—‘h—: : =
" 2 x T

=ty =" % By ks II v £ -

o] © ot 3 ; e v — Tl =T

ot = = ..-.n_"h.-.'ll:--_?

- -

2o Ll

ud_uﬁ{}.:,._.-h{ﬂm\]
. . PEs - ~ =+ e z & 3= 3 %
: 1 | JL-""M....—JL!."&-H\-&-”ﬁ ] s dos 2
Resolution {’Resnh'mg iner} - 1'_,5 P _ gall s} L N
-,.4.-4-.- ‘_:_-_.: '\-ﬁ-lh_..--:f"h\.‘_-: 1.'5'—‘3 hd-j.q.'- 'L-;.n-ll.?"]n. uq.-.d.nL '_ -L'-H-.A -....d.‘l '.-.q.q.-_r'ﬁé_:_n.s__.k-:&;.;j.g_‘ﬁj
Lz I nm) 250 nm : 200 nm ,....ij':'_? a3 e Ll l_;}J-_.a';JI JE BN [ I

23



£ .
Electron Microscopes is 3 S0V abeadl |

3 - - ‘:-,- #
‘_,__rfle:JI arwl B s Lr1931 ,laLr- ;st.u_‘rgﬂdj c-.ﬂ

e . GoMad) Zp il 0 0 I3 sl J.Q_ﬂ lisdebs |

5.3...5:.4..51.4 8382 _,..jS.J r-_’...a.ﬂ ..4‘3’.5.4 L—-‘L‘IJJ—\ﬂ‘ﬂl r..l:.-.........u
u__ajtﬁlmjmjmssj 51 ol ..!.Lu;mu_ﬂi

L;.,,ﬁy'.jg:..,n L,._m_,&fbgm_,ﬂs:s}n el Ci

L}.L:':.T ;| Transmission Electron Microscope (TEM) Jst

;,J,.ﬁw;;,.,n_,@,i”) oo 515 Ll S 5 ymé

T.L.n Aazxy (5| Scanning Electron Microscope (SEM) -c...-La.!I
N5 o 1 S 20l el el AUV WS e sl
(12) et At cslat |

sall o g SOV el ) 30 sl e Sl

ESPEE R

Jlall 2n 1728 e 3N T g gy iy SO s

S Sy 233O bl 3 OIS 1 tpeall Zmgadl
a5 il Al omall b 5355 A 5 B :SI'_}._pLa:

af&ulmﬁuijEMtuLJijﬁ‘ﬂ;ﬁJ1

f&;bﬂﬂﬁﬂmé_vmh{tfddjfﬁ'mﬁuﬂ "

2000000 X | 53 SV gaesdl j._ﬁln

o Lpall abedl o Sl s S0 ,:smjn u1&M

erL@J1LrnJJJs\_,'JI l_i__{] i&*’}ﬁ;}-—ﬂ-" -«-&uh;h_._:»
s 0355 Y 1ypall 3 ol VI Slabs) WKLY 3 eafd |
oo N L0 35 sl BV AW 1Y s SO

ol o) el s 51y ) o) S ST ol

)
ALl g | e 2l 1T ol ol Ftad E

sl G s W a1 5 il 25 dlplatase

L Ledsn N 43 5 2SO alnd

=

1(12) J&a
Jow G Y S ()

£

C.,LMH 2 SN el ()

$ o s Sl /

E‘E.:J_g;‘ﬂ:j}” J,.aL-,-g.ﬁ

'-'-"}-"L,r:*‘:—‘j. "@
s2.fe S el




Nk soss UL Llas(13) (2

e ul?LIIIJL‘S" :rl'..A.:wa_,..l':...l-ﬂ Zas

I

Computer — s>l

} e th =:L:L.;.Jn”1,.uaf+m.;|ﬁ‘w_;m_:yung"

E.L.frnmu_}_a oadall 28225V § & gl Fpo dike Sl
JJU?C..L;ﬂ.h_..uimuﬂmmuj,fmﬂ@w
E u%él%ﬁqwjubulwwjubul

(1.‘"} _55:"“‘” J-h-lh h-‘}:.IL_.-l r_"“_)}

i:uJ t ol Sl PR PRCIPRS e by S
DB el g fased A Sl Tal e dleblou s UL
: ._JL_.a.d!J;mLm..ahﬁ‘_,.'.-th..-L..b..H_,.a.r..i-L...}‘iUH)}J

F"*‘JJ]UL'”JEJJ”‘?'JJ'L'QMHJHII—JJ\“MLA

; n.LhJ_,.LnM'I,d;.;ly'J;J_.pfju _?:L.‘mlu,m.fk.u:

ol s (G130 SULY 58401 4o 1 e Doy Lo 411U
L Ul ey Lo



\_,’J li,-....:hd'l n,.g:-—'l ...ﬂ .L!_L-l.“ ﬁ:.-.Lq..n n_.Jm-u.‘aﬂ c,.g.ﬁ-Y ,iu

Ab e il Ll gs L,.Jid,hwngﬁwju tidl sl
&yl PPN [ ORS I PR SR P (ICHE JE PR

p s P
2w s St R o GRS o e e
El_;-’!'l e ‘3..1.: Lﬁ.fll..ln:-n....ﬂ ‘_!J 'L...:.!.l] ﬂ.._...!_'_....ull.‘.:'.“ E:JLA-.H Aunch] \-}.-.q.d

L gonloell peal 1 Pzl WIS 5.5 2L 8y oy Y1 1 o) |

| mpisedidod ﬁ

oplasit e e gl ol oY1 D JLasil A4S Lo B

a1 ity ) (8 )

as el p el sl s 5 T oS s ]

B3 al rmalo13] s b e 1 el Bt B3
B L Sy sl uhﬁuajiijh Ealls 50 bty
LEJ....:L,_,’L_“ el 4 5 d---bf»...-i: e sy f_ff" Le 45 .8
Al ol £ ) ol b st A1 alndl e Sl
; Ylal-an}J'L'SMCA.a_n.“ijné
ey La-“ La «(WiFi) @L-»‘_‘:U! JlatVl L8 plisaraly & gaseal
s SN I I ol sl

A el Tl A 5 5L‘-'ri.__,3ﬂ.ii:_'ph

-
o
.-
i

hﬂl "EJH E'.é:-—Ll

- R 1 £ & _'.:_ ‘:/
doan Luﬂ C s

S bl el

2 akall o)

g Ll ¢ e dall sl g5
Y1 s Sl JLall
S o e
oY 34, et
SO AR Seatl

Bl gs5 elniNI,
bl ;J'a.fi _,,J._!I(__;__‘...J_I
ey N 33N
= oo patl i Lolel s
& s ] ke HLH




?-}_JL‘?IJ‘{U}M1&JJJFJJJMMH d.....a;“nﬁd"

:E;Luegﬁyﬁgu,.{ywuf#%;u@ £

-

ﬁ%@lgkjmlh}dﬂqﬁwihiﬁ i:.JJJ.iL.}J.JJ.r_:ﬂ[U.c. 1

A=) gy et eLae L) sl 1 3| By L ) oS e | 2
Ll g &l eyl o1 s s | sl st e | 3

Skl an Cu:.! oo LY 3 L s illc edlde| 4

*-“.JL.Ju#u_L.JnCu Mjmmmmuu 23 gl a8 tpmnd L3
L PULSTL P PR B PN PSR -3 WP | F_,-L!JHQEE‘_E ;.iqu..-i LI Ll bl é.f;_gi 4

0135 51te Lad 7.5 mm S aiedl 2201 J5b 5 (1500 mm 4 goms 55 500 J g IS 1315
[ ..-..,3-} - ooy - - -‘.n‘"'-}-..ﬂ &
FLLsdl

& = o = - ) 5 )
J b La3 (100 x) Sl 533 plasen) e 25 mm gaelslalilie 3,0 J b OIS 13].6
¢ 2l alall
- N o ; = i - 2
e 5 el dP it T 3 AN iy S A sl el f::gbi 2

jmall A Bl ke Lol 865 3281 5 2 SON1 il 36l 12508
S A g sl

27



AUl ddaw yle sl

Life amn Earth

‘-..IJJ'I aladlSJ) ﬂ.iL«d.\

Charaecteristics of I_iring Organisms

& s ~-.|_‘>..'| = w e 1L....‘:l' L

- ; ': _l

S =l ,Fr._,‘|n...:-—1._.-.‘_.._.uj'_.anﬁg:__..4_-=|l_,’.ﬁ~
egilF - ot - ol | -

. '

Ao TR ST T A R

130 o - - 5 :...n..ﬁ;'u...p.‘...ﬂ -L...:-.Lw.-.._.r"n....' .nL.-lu__.- -_-.L"__;
e # - - \ e

"“I By = I:' .-=|C: - . | . I

ad] y ol mdl Ja b WS s o L Jl dass

B ' . - e -

£t »

’_ ‘|_.:.-LI.J..:-.-.}|'I|_..;.:-.-.........P"I L\Jﬁjln.e-*.:sh:"
c-\.i_u:ﬂ.]ﬁ‘;a.-.q.u.!l-hlu.; .-Il-J'U-'P"—l .-.?‘-

o

3 L 1ALS 4 T b 01 (1) K L
(10) ;.n.‘liti-.:,.,.-a.Tardigrade sladl S s

8 3l ] '|-¢:—-.‘- !...z.-:..r- '-‘-L*"'-"’*-I_E---"
| la |_[;,_.,i- _".1:..;.- JJﬁ b;iL.:i-J' L. =200 °C ‘J.I-l g

';-L:.h; ..;I".E:J| o _..H.!r.ﬂ - Sl

2 ey {u‘r

.erg o

:'m,u ifalle

amﬁwwuuwmﬁ focth
.Lé_:fl‘_?j Iq.g_..l_‘;.\c.ui E"_ ’j‘ i.:-'ll.uurl

. plall A i«
.1_'._;: LE.!.:G-‘-‘" -::..:._:-J] __:__.';_-;l_Q'i] i":l :—..;_;; -
L-.""aa.- 4 L...n‘h' ,_1.|_.a:m-_l| ."

[ THR | P B e b &K
e :_L.:-:.'I l,;'_\...u' £ gd daadt :—__q.ﬁ'j

=

§
£
|

2! -
Aodbuchlo qussiahl <
7| O L N 00| PR P
Levels of Drga_uizarim:; in Living
Organisms

-_:.ﬂL-a;'H -ﬂ.L.S:.I'I

Dry Mass




* - o &

o b el sde Lulal Jatles 3 Lall S 8 25
e g ¢ ol g et Za Ll T 0385 1 s (ol 251 4l
‘E':,lf;_}”} Lﬂ.‘f&:ﬂ: Ljn.a.ﬂl_j aiﬂfJ;..Jl; L?L-ﬁ i1

'

*

&

L Fon ol S plarl {355
: Living Organisms are Made of Cells
P 5y o e 0555 L e Zol S0 s S
P auaey il sy ) Sl Sl s G S
Syan b L 1;3#?:1/ st & i ol e e (51 (15) Sl Tl st
b p-;ul' ey E.:.L-LJE ‘:LE\F:‘_:IS of Organization in Living Organisms -3"..::.:]1
ol clols Lol SIS ol 3 sl o5 Ay 0
- o 1 33 e ol SIS Lo e s
T T e e
5 A e e penas Gl L 5088 e LA e
el e gara Jass oo b luie s 035 Lalandt L
G 2SS e ead) S Lleiib, S b S5l 2
* Lo s a1 Rt

(257



Respira EimJ sl

QJ'I ._f.a.ﬂ.l MLA.&..S‘EI" n....A‘h"&L-‘L..“ ot -ﬁl.......l...n |._|"_‘}'|._-.-=II l:-—'l: -....J.:.-u
Cellular Jj.lpd1 w‘--“

daall ods Cps Gl T3l a...:-.J1 h.;'l..a =l . bg........ Resplraﬂnn

4.:1— FLp._]L]..GJ‘\.LuJ

Response to Stimuli o) 2. J.gL:_-_:.....":."!l

BB Loy sl o 2l Tl S s

P -

S AU Ll ) 5 Zab o 5 TS T s
i,._n:- ')L.aé *Ll"n.ﬁ.-m_l'llq..:r'-_)lﬁ'-JI‘

(16 J 2o

Movement i5 2| |

b= e - e e ke ol BllSU s
Sl pnll and 43S ol 5 3 ks
,_:-‘:’-"-.*J Adlasll as

- $ = E
PR ES ﬂ'_:-ﬁsﬂ ._j:.lll =l L:.:..ll J.q.a ...E.gl..q....'-_-—ll ;,.4 r-|_;.=:—t ’_i_r_-,-._. -._',-'uL_J.."ll
e il ol 2l
138 ol |

G Lo b ie sl (s NI 23l
- Ed s

o Sty sl s B L EM o8 A1 OF 5
17) JSCN e 33yl 35 o S LS

RS i SO ) B e

25— F

4 .=l s,

umanmﬁﬁ.ﬁw[u

'hllll.ni
”‘_:,-*JI (i J.»—l.'a}
:;._tuju.uﬂghm __}a.buu_._.,mlﬁlé

_}...E.A.I' LE;;JiJ.a .J_‘.i_j -}54.1-5.1 EJ.._B.U ,

) 2

'- LFL} J.-Aﬁ
.:-huh.'r..-.n'n.nju.:r-—'l\_rﬂdbna .

esal] ,M._..;l

< " =i
BlotaV1 Gyn Sty o5 01
Ay sl Sel Sl 2l

P - P I IR T

!L

.U-1 tq—-—J;‘EﬂH—J—E
u_.L:.;._é I_:,HJ.EI_&‘.:-
i i A

.L_;‘ ﬂr'll._j%?;‘ ._-uj

(30



* + ES
I e T e 3 I |
_.p.' - — - =

NN

) Growth ool
pPl—as 2 i ] E Bl Al B 3l .;_.E'L: :sle Growth _;.;.H :.n:,.u

J

o
F

e Al e Al & Ll ._;,,aDr}*‘;\iassiib;Jl EL:.S:H_;.}L'E;:JH ;;’-lS:."'lﬁ.,....;_xE'- HiR el
_.:l_,.a-'.. sad| ‘.J.MI ,.:n#_sja;'u;lh "l.ﬁaihL@a;;Lad;ﬁnJ’“iJM\ﬂf
\:.!-.l_!.'il‘runt‘}‘:ﬁﬁl._i'-li.l:_{';l: Lm-.u-:.:.L.JLraﬁmh.L,}bJﬁ -,_JL_L._.,_JI. | 4553 de S g
(i M s %ad | | (18) _ﬂmn i L P

ol Dol mlasts s | Reproduction 55!

f;‘\’u rl_.-.'lpl -'.,,_. t;'ufl i:-_.....} : «Reproduction fBZJ1J&aJJJ ,,_,._.'. AU L
._;_..a_'.l‘_‘;i_:;'}h_fj Lge! -1=Lu_,;l_cJ=eL:~=La

| N .
7 (S el BIS thes (s e 8 s L)
IS'“; fl' - -Lc‘- I/ . ‘_C;-U] :;....:....‘-:—}U Lg;-liu ..la.l‘}I] ‘_}lls a.__.L...._d_” |_'lu,.| _1.| ul,g__,,
o dnt I_I-i“a.-'.'.?u = B .

: ..'L-IILﬂ...a.llll_.;!-‘u_:.ULa.l Jl:‘."*'ﬁ..ds_rﬁr____g ..L:-—ﬁng._:- JbJLF ...ﬂ.'?.a.z

colsl sl la_IU
(19) 15;.15 el e, I

Tl : ol 3 LN 5 (19) 8
v




Excretion ~| &Y
2 i
351 '.'I|=."-|j.;._l| ;."' [ ol ya ,.z.L‘.-a.H LaExcreﬁﬂnajﬁ-w
-{llﬁ '_'.'!"l...-u L'\Lh-alln..d.h ‘_-;‘EI_I.UI___,-.-'HF“-'-'E”“#L?'I_;LF

s

i
¢ dl,.-.-

,."..I.J..a-ud..s'..h _,J.a-;l'l .-b-F’-H-H'LJ.LF' ,.::u-uL..l'I._.ugJ.k...wﬂ‘_fU '.L“:'
a.._...._._l_. k_,|.._-,-='|1._J..'.J~E' P | ?-_';.L-.v- 'I'Ich.r'.fu .._...::-H.ILM.A....;

,.C-;-i:.u'l..."'m ..a.k_,;é.'h........hall 'A._..'...:-—a......H.‘:'l;..;J'I q-l"u-']l
SEERLS "E""“'l..:"‘f’

Homeostasis a1 2.0 =1fllu.Lp .aLn.:-‘.'._‘; Cl ..:J)' '

&

u_.-l.-.n.u.*.ll M.:l'l;:.-‘l MHMUIL!J.WLﬂ". ILE;%S-]'M 3 I'
.(20) 'IS:.......I'I ,h.u'- ..ww-_@Lr_u._b:c]:Jdg.:_._t_a.,_','l

Eoull A L 3 25 20 Ll Jaslasl e ,_:.-Jl\/
S b ALl




L ) | ,,__,ajx"l b Ao slal) J\S—.‘i'l E}G
E : Diversity of Life Forms on Earth

" 5 - — E . 2 uE R . B &
- s j__...-l.'.llu.sd.'- ..,_r':‘;‘)'IJLs: ot "~| 4ol ..'..u.':]g..'-'l ;.45..."_

i

i.»'\\.fr'-.r

r*m

" v 4 I
s el bl o | | gl s, fg..g“..l..mu-.u el e e

=-l_;.|':_,_‘5_'.,'l-<":_':‘ 441 JLF- ,.......w.u].a Lé...,:n‘a«.-..J] 1.;:.-..: & “".._.-L..-‘\.l|...L-!.._.,|..._

# E%

I.-’u_,‘;ﬂ._g PL-H:'I '1II;'JLM_J|.!'J ._:"-7""""3"""""” f' ! "'-‘l-“-l =] L0 L‘*'-‘ﬁ ;—MMLM:....M..-

=

hL.dJ1i_-;':j:|!|.raj .,,_,.,_ .nnt&I o ,_,_.,,h,\_,rkl,he_.,_”
i 4 | cL—‘m""vBLai .’-;,.r':,:..' || Biodiversity J_,;Ji t:""'"

e ; - sl -q.-ﬂll ' I|lﬁll._l _'_E_,:. :.-f- III I|.Lk_g .__-ﬂ)‘ul ...__.._._-c: ‘_5.5.5'

-

pe g oad

-...-I.'?r'n.q.o_ 4 _.iL..a,.dﬂ (.IH.L:\_;]...-;»L:;'I I_
.g'__:-.u'l_g..n_’-_'.k.w_l'l. s LEJJ_F..-.ajl

£ ’ £ i
b F-.ﬁsu._\sll JUJL&:—"J]J:JLE.-:UL:;-H Lﬁ.«.a_:'_ln.n._-.-:‘l.'.ill-u-.'....dl

~.4=._=,Juqu SI ast b 2S5 by 31 e L.L;:n

'r'-[

.Lq.*.ul.e.,.,.....-....._l'l 3 s MJJHJ.:.-JluLu ||_]|.a:=~“~"..a...|

,-_{.J.':-'—.c:" ,.::I_,J.‘.-:."I..G-Lu.h.m,-uan. EPED ..aLﬁ..a.-ur,-r.a Lozl
.(El}u'!ﬁ:;..lll J-ﬂ.‘l.luLé.'l:l.ﬂ.ll:]Lu.-Jj b‘_’_n:l__.t?n'll Lg.uln:-—l.:-u ‘-:-l.-“‘a.L

-

;-___:"a.'....._rur\)l ‘_F'I.I' ...-I.J:...:n-r..c..l'l i..-..i:—] .._.L...J\.....n‘) .pa I elaladl '.:' = ’
'-jl""""_'i |_-:'IE Lr'l"”"‘l‘ '"-“‘-'-"-" J a_L.\_ j n—‘h-“'ujl' J-a-lhj LLE.-"I l.—.._*aal :......_Il
""’""“f‘?‘-"l‘-':‘dll -=J"-J|=-;M'\:’I 1:‘-]-\..&‘-51.-5.&[.! I..E:.J.“.n.l.n.l...::.:w.a_l

e
_;_......t_'u _.:;T.'i'l E:::--J ._-....-.;\.”n ..ﬂ.:-m.l'- 5-[.' hjl....._‘n......nll_‘g ):.-.ﬂ."l' .a:L....J} ,._..l' o

LiSsLY (10900 m) Ges ) _.aJ.-_;.Jl :.:J;H Lo ol gos o 2ran ad
.-LE‘..-&.*.I:I' -IL..»_I'l

&=

.-l:'!_j L,_'_;',_‘i:_:_g‘qjl JIL*._J. =‘1-'d‘ CL-L:-_.*-H L,___,._-,:"l JjJElj ._,!|_rn:ﬁ-—\.l“' «.._.:‘..Il:.ﬂl-nl 8 '-Ln.C-‘:Il- oals - L-a-'u

'... £ # [ =r ) ‘.- e N - - s *
L oba v _L-:.-JII.E',.' JﬂJLa..:Luu.:L“;Jt.‘-'J\J"-;,Au_L'M%H wla e
tFe i [ S | - - ik . = L e

ot

=g \_J,n.._..l..uun |:.J..'-'=~._....xa.u

-

P :,J.ﬁ—lm.','-_'_lll :IPJ:.;&‘--—‘:IIL #Ltn

(330



s...S'IJSu.v:o-..,.:-.JLﬁrhf;&Lmihinr;lthTAs&nbrulugvMIwrb

U3 ey MJ}JJPLJ!LL#U_MM&JQJU#L@' cen R I,.n..;.u’iﬁ.uus.d

Jﬁpu’.&&u Jﬂ‘ﬂiahjbwdutmd..rzumfuhdbuﬂ NASAJJJJHLAAJTJE

s sl 3455 e uduuufwnjuj_mucﬁmm (g sy ol 3

CL...‘_,,J:LLMMJM|W1MWL¢&ﬁ}J}jf5u~Eﬂ1d}s@.ﬁu

L._,;_,ﬁﬁl_fuuuumwi S sl ﬁ_.JlLés_._u_s.._ugbuféL.,Ltmnfﬁn
ROt PSP e TP TR I s

—k

Slghons ol SIS Ligh 8 225 3 Ll il e s 5 S0

:gwggvbasumiﬂiﬂi;wmﬁ_g.z
e Ll
YL

- £ - :
ol ST 58 HJ..H Ciol.3

-y B ®

LS sl Hmummfcu..n,fw”ww _.,J‘,u‘i
',{_)"'JLE'_,}‘J"‘:""?‘U

{:Jlr.hdi.?aLJmézji

5,30 EH8 131 . Sl St L8 58 e Ste (il il g a5 7

f}...JE 3 :Lullu..ﬂ..il..b.r.q.jl.l @imb&jubﬁn.d&iu@ﬁwwﬂ
.E%lu@u@}qulhﬁﬂg&hL..:L.a.u_ha_‘._:—}bd.rJ.ﬂ:-}Ladl|

(347

Ln

L83



Buagillg 215590

/e

3,501 Lo 3 S E
i1 G e Gl
Bl Gl il s
g =5 1,._._,._-1-1 = e

el SIS S

Blal) Ak A
Map of Life

LB &)

»

3 5 s e Lot 8 Uy BB pa sl ey

‘ LL.JL-I-L-J""' Lu..JLIL..J] hn_“l.ﬁ.!'l k-_j—"' A_.:-J'I 1..#%-.;@1 r1_p_1'|
Lﬁﬁ&h—“é@%lﬂ_}ut J.a_t.J LL:;I_','—'UJ.'J »'._JJ..__.J:LIIU

E'f-'-'-” L;_j n.:_p'lll_lill.:_“ f';_j_pl;_a_] 'EJ;_': J_&_:}” Ch_.u \_,1.5 EL;-J'I L_J15:_'JT|

ﬂLf.E.u.Ls.:;LA:_.JL;*JlLE.J F,...._..‘gjn Sbballs S

...F-r]-_rxlllLH.J.l_‘--u-L‘_,‘_Jﬁﬂh.aJL‘ J_..a.!'li_?nlJJ.F- ._....J1

.J.:u.u ﬂ_.a.bul-.ul._n"g.ﬂ'l,,._u‘ﬁllunj.h_i.nj\ |.-,_|"ﬂn;ﬁ..‘:_.....£.aj1
P s asdl uuawﬂ}wmuﬁmm T O

nL.:-J'I-x_l:.r.:hll.._m'|=Ln.l.u|LE.J.c- ._Upl.J._u..___._H |'|‘-rll} ll_'l..n.ﬁ-—

La,L.ﬂd_mhq_}Lmuwh“uL.aﬂ_}m\ﬂJH Y P \_,.a,_Tu_Lm.hLm

=

rﬂ-lﬂ-h—umﬂtwu.l.lll d}mdh_ml}@ﬂht[apoﬂ_lfmw\&f hﬁ.h.r'_,)_...ull..hn _...1;1},..5\:.

k_:.:_lh.'..ll |J_i’h;;.¢...r.1' ,;:-‘,'__;__..:-:_” ::’_Jh \_jl_hml_j sr.g.ki:}v.ﬂ '—_,7'_* _E_.‘LJ.J_-—_’.@.H {;Jn_r.ﬂ L= E’_Jl—l |__.L_’,| J—n..ﬂ_;

(357



dda olf daa) e
I3 gt
l.f-.."c:b—{ L:J'-LJ'L..:? a3 e.L'.-—!I E hu.rldll.?-l ;u__;'l d...u\]'l .._..r| .-..-1.” F..a 2 .,.qu.l'

L.._-.-h""t.l qu =......n....4 .......m‘&”l.h.-fv—l o

3 &

e ol L2 R .é:_-L'.H e Sa BN Rt O
s Lo sl el uL ol Jo i Gap s U LN L o0 32

sl ) E,,a._._a.-fl jS.; .3 8l 2l 5.1”: — oLl jq.e.n .-.1.-" oS! Ev__,.. Al
Leldow s UL Badles 3 25 f Y1 0T 3

gelall 5 2SIY Sgal 3l Seoall

.iuL_n‘_,,J g SN Ml s i gl Sl

sl J gl Ol 400 % editll S 533 L3156 mm b 3halid 2l J b SIS 13) 4
s S ARA])

6.7 mm .3 0.15 mm . > 66.7 mm . 0.015 mm .1

LA

LY . - = '.-"_f I a wran o ? - =R .
.:__".L.....l}lll::_w:.-—‘_."}La_z..a.ﬁ‘_rﬂ L%{u.:-Lf] L:-'LF-_‘:- f...ull_‘-..l.'i.]...ﬂdg “-_1:.-1.:th f}L-JI'::_“‘"
. e

b el el Y1 e L ANl e
d.::l.a'-ar"- II...?—}:'J..I(:J.G.J .;1_:1_]_:,55(3.5-._1‘-

L!.R..nﬂ‘-ﬁ.n.?n!'ln.._lll.n.llg..'lll_rﬁ_‘l "ﬂ.q"ﬁ' ...a.nL..a}J|,_§.:l.1-—1 6
A1) M asladl e LYl et L T o e LY IS o
536 L e ol Y1 035 05 330 3 N e §yudl

3
S izl
.LaL._JJ.IDmmu..aLﬁdln a..aj] |L|5‘JLDE' ‘_fLMVLd.IJ.ﬂ .E.'.-nq.lLr—L....f-h.J.L:L..ull."'-ll L.---.-‘-'-i

€_,L:ajumudﬂl

(36



s gl daa

. Ji _,._n

=]
'..-":5

e pslis Al JL;_;l U |

- 5 3 M M s
b pa Lo i b fe L) LS S ELL ot 2
.;;Ja.-éjllﬁwllh*j}_?uﬁtl ;#%Ef&ﬂ}:ﬁiutﬂ‘ﬁll JIL"-AJ]LEL ’-a...a.lill ._:‘J
Jj .Sl‘ﬁlll ..5.‘-=qu a.UbI I"l_)n-.d-"'lju‘ld‘]]l -B-Ea\ll A
.’gl.;l.a.-l o5 e daileeall J.H_..,L.,n E._hL,_;. El;-.;)h

Ly

- * # ]
L 56, s iy ool s L 5 dikesen SEMe Ao 6
-~ d----j N kS - - - 1-.--'-1 -

F #
o J!*g...jii
& S R & iE
 Sh b I8 5 5,60

= £ . _4; £ 5 -
Al Bl 8 I S fe Rl el ) Tl

[

.;iﬂ:.i.num_.n&fm *JML.,MLH,ﬂw;_..,_J,_LL_.yJ} SN 2l

il ol Jloes & S dnd il el N e s & gl Lo o 2 e 3

4
: ol J1 3l
A8l ol D e ol 2l ST S Ja,
daall EJ‘..':.:-Jl \_}.»-.JJ _&1 led .30l 2 b J;. [""JH d.._.;:

o 1

Ll

U_.;.‘;'ujmﬁ‘:_h_yy%'adui..;_.aﬂ o patdl e s
-L...u ||.....z1.uu.-1|.4.r_}.||- Jj‘)!]l_iﬁaja:-—mﬂ,.h.[;.ﬂ:lﬁ:w
;,.d-ijﬁul..umb_}@ J.-—'I_. __.J;-J;_Eyrl.é...nu...u'l.l..-_]l_r,aL..-.l'I ,.a...q..un

r,l-l'ﬁ

Bib L » Cf“" il Sl kel
coadl Basyl I o ol IST ool slondl faslias 306

G373



']
L waludt Ji 5
Sl sl g gl Lo Alilonad) Sy 3L

et Ji

li-_pl.’ajj.ﬁﬁml_,;u_,.au‘}ii“umi x....m._u_:lm- ;) *pLahu‘h"l ha.n...mJ.Lc-

oYl e e Zile 3 5] h_;uukw_:f_u oY -\Jﬁ_n O T 0 [ 0

o Mjmﬂuum‘w_‘;ﬂmdMij.@ Ul Jamd) asell 423 ==L;.,_5(o_'u.,-}ﬁ_;ﬁ

_,;'u 'u._uLc.....}th:d (3o Y|

oY) an 3 Slalall eladall Sa il

a8 Sgn Sy 3555 13 e 3205 0 comal) il 3 30 22 B Bl 1 B

Ayl ol S Sl

P! '&Jﬁ:ﬁ&ifuﬂmﬂ&b

4)lee Llie o ikl a3 ,_uuu.u..;ﬁs...n_#u A YL B e Ll e 1)

ol V-3 s W25, hgmylli-_ﬁd-ﬂuﬁfi:ﬂ-f?ﬂlﬂ-iﬁ;ﬁ?mhh?‘ﬁ[wﬁ;ﬂ?.m;djLg.'-:.!
.._;_q...J|u.m=-..a:._..:~J|2.&:ﬂth,;’

e t Leladl e Ld.dha'n....w ..‘J.:J.fl:.E_J'I.JM ,..LM.I eladadl DL 28) 131 s T 35300
f.s.q...a'ﬁc'..a.a
PRI Lam_ﬁm_,mmnm1ﬁ., ilarel O FCRE A PR VPR %
w;u;wmm

; 8
';,.nL‘J! I_‘,....J1
u...l|_3»’.,_~,..:d1$- 4l ,..nis:.n_}.a.n.a_”d.ﬂ

(38






]._I 'L?- e d_.::-L1 \_;L..I.J\J q='|._-....:.--'I JJ..

1 y
A I Pt u.._....-._-ll o h:L.....::.F S

sed] L Laall

'..:r1|-w—a.‘-‘=lll 'I l"\..llﬂ-w_-‘:-_l d—w.u.ll‘ai.ﬁ.”
—

iy sl Sl aall oY 250

-

#

8 - A _ - =
-_:g-.i_h_? L1 e Il_:‘_.‘.fl'..':-r_'l ':_-...l =«...-..-.-.:.7 ,.” 8 -"\e‘.”

st

]._-h:...u.lna_..:-dll : .;h._llpl_.._.




ool 3

S Al (A gual) jpaall )il Al g g ASLS LA ) 52

: A .4 4 45 g # - L N ]
L s cdS LB [ H’LQ sl Aol :E‘!IJ..} b 2 '_:;u:.é % ol aa¥l s 3 el

R

- 4 ~ - .
tlian 43 s Slolal (ol 855 LM 5 cias LS4 ¢ Ly
. - £ = s ’_
. J-—b&_’ f’_-'_,-"ﬁﬂ'll ._:_.Ill_g.‘all JL;.'«.T....-'I :_‘;-"Mi .;.Il:lL:-ljl
3

F bl S| glas-

= = .o T £ 1 e ’ %
ysielabisliln 3 IS Lo Ol Ll LT @D

-1

.:-u.EL.I

(A1) 0B 5L 1201 51 D
‘“Tj,-ull:;':f-éj]_{‘é"f‘?h IEH ey Il-fél_tﬁ:;jﬁ 2e -_'.__,,p-] g
E"f-ﬂh__a" lodatlia 1,5:.4.._; .__*J:—]Ih-:.sl'IJ]j._.;ﬁ: 2oy .'::_p-‘ﬁ ﬂ

: -
el Ci SAali L L T O

A5 A0 JSEYL L G5 5 et 561 O

-

V2SR L SPLON [ R e SRS

AP FCN A S D S W I W S S B I 7

:él.:;.ﬁ'ﬁ'lj :l.._..l.:-::."

E = _a' = i = N it_-z‘ =
" 2 (s Ll g (55515 AL WY JI (4-1) A sl -

iead) Lae 3 Shazel 1 SN



Lailigao Lﬁ.‘JLIa

Cell Structure gl_n:;_l ﬁ__t_.l;_g

Cell Theory 4ulal) i.. ,B:.
S pln 3 Ll 15 ool By Cel I e
Ly bl G b Do LS D Sy oL
Ol ‘.:ll_-JIJ Schleiden 32 HL-.H Sl
(Cell Theory &l 4 i Lo I L5 1 b Schwann

D) s ki

?L..*.r-‘ -_..5' td.....-L.jS‘

Llemam o Sl e 8|

il R B s (1) e

LRI
S e B O S
AL RS D 5l —

2L S S5 a
Mgl Sl s s

L, AN L 2, b o -
o e

5o Bl JE o 4 3T
A 75 oLt

LR S A ;—'-"JI =

Lysosomes Ul iiL.....-ﬁjH
Centrioles S 55 el
Nucleolus i el
Endocytosis g sl Jls¥l
Exocytosis ;:; il a;:ai}ﬂ
Phagocvtosis el
Pinocyiosis i el .i,n ol




Types of Cells L) E'J:':'
e = ML‘)(:-JI..H Gl =l g3 Jiy @JH}EJS«JH}E“#I}J1#JIL3L?EHE’_M
o) Gty L s bl e ) —e L] pte 3T e 31500 3Ll bl
A(2) uki.w.‘i ’1ai1 (Eukaryotic Cells §|j:ji :.....1:.& LYal ¢ (Prokarvotic Cells

ol £
|

i ¥ ";..h.' - e
.ﬂ""ﬂi:-.l"'*l".?
F * £l M
PR 3 0t L5l
3D Thaloas 1 o1 Sl - Ay bl T2 A2, BL -
slenasb bt The - e Sl ml= Sl G led i, = =
)J'_'J - ] - -I.'i-_n'p.-- = i H—c'
e Ao adual ofecljus ol Ast ae
ikl o= POCa MR [ BOS O B e
o+ & -
cashesd s eca sl bl pslead S —
L sl el WA 23N b L) e — 1y )

20 35mp e WS i 1(2) 2

e O] b Ceme il 50 L 2K, s ,J_g,u_ei 1/

5 - .8l o)
£ Al ke ) L2 [l S Sy
.gl)_d'lgﬁjl&_s,'lsf..:.!l H Va—y
B Ls*b*”i}-i Vs bl aom o o Gl 35 ) pals L_’,_'l-'x.:..:-ui E
>
Iﬁ:"ﬁviﬁ L r;u..ﬁ_,]i-.,..:—h_rnni_,.ﬁiu.u-b'}‘u-i_,a! s &l L Gy
\\;,‘,:"l o) ;'L,D‘L.-_;r'...n'[w_:- r_,;u,U:HL.uJ.uLa:pJ_pf
%U .-_a..al’r,_;
L 4 ]

(433



Bl 5il) A AN Cas i |
Structure of Eukarvetic Cell |
HLAG ST A aa Bl i LI By
4_.1?5‘5‘4_..4;1“1_,,5:.J1J_ar}w_,”_¢1j¢1,_.55}_,,_=pun

#ﬁudfluw}u—Stfifju_ﬁhmb_ﬂw

3) Jsa

PR AN PR I ST (3) Jge

v
b s 1 F "'T = 2
L F Wy e

|

d......:-:.l




._J_:.'sLn:._.._- ‘._.aw
H¢uff_ﬁp.J1

¥ . _‘-..uLA-l-t_J:-J1
\i—a-'@, o le s

Plasma Membrane }j‘)ﬁ..:H AR
) LS By 55 B2 Lmar L1 3 s

: «Phospholipids 3 i)l 04 adll 5, s dmsaiedids 7 s :.dcl:.. P

k.xh...jh.;LmJ J]dwjnch.”dlﬁh.g_m#fdjlluuhjujh
A..uJu....n.1h:L..| J1ijtdm.ﬂ1ﬁ.bf'§'1u.mdd:ul

> .-./ E %J@lﬂﬁﬁ\@h;ﬁaﬁnjwﬁnw1w
A BV L 85 o 5 gl )

fp | : sl & 5,
u_*"’ SR il (Selective Permeability & LY L3l dolse “-*.:"I L
L (4) |82l
e A A s 5) IKEN

a..n'.'....ﬂ.q_.- g_:,.hJJ' ..Fi.?-_f)_.-fi.ﬁ...h

(453

= o
P
[ i rll

sk



&
Nucleus E|j.,’.h

o

iloes s o JK8N 1y S Te Zap sl 3 L2245l 120

g -

T Ml Jols 383 i By 5 U gpme 3050 S8 BN |

(5) JS::J‘ _:.,.'iaﬂ "r_.'lbll‘.'_,‘]:_.““"tlj §]_5'“'“ .

Sio fe U35 wad DNA L1, 1 35Lall Lo 81521 (g s

B oS e Gl gyl sl |

’ e L
.u:.JIL:J_ouL_..thl;J..mdllid\-}_u‘_.r..“ Nucleolus |

Cytoplasm ;3 sl |

1

Laaly 3 ) Gy a5 A1 20 S gt 30 2oy Aa

L

5 3 m g Ml s lag L8 oSS 55

LiJ.%..” d_& Lua.:h_lr\ .:_.IL::I.-;.NJL: .L;J..T E.:Lf- :..ﬁLhJ ft_}ﬁ’u_?:r.«u

SIS PP o [ PRCTPE 3 B PSRN P EE
.Cytosol

L & z =
?u.;.jli_,,;-stdnmm;:_m\/
= P - L

ey

Al s sy sl

Eatha il 2L 250 ol Slses (6) Jsalt 2T (Zpaso

L.

|;ﬁi_ffj -l allE Bl
ALl LAl o
pLIAS 2125 A s

LI P . )

#

23l BASRE (6) Ja

(46



s Sty GBI
’ P4 Lo g
Ribosomes LL:_,..._S....!JJII

:.e._._,..}i b ,.._..,.:.. ;___.5'1... ;_:Lu_.”._,h JI
'Lmn'l..:l.t-—l* 23k ,J.J.:F}J_;L,.JL}SJ}S.JH

sl NS5 40T) Js

e de ‘:’l'—*":-',;‘ [ éf*w: 3 =S
A PRI [ I E TN ) W Ll ™ (N R PRI
st 30 g 4 5,5 5 e
L‘_.a.t.'.l:-'-_,.l_ju‘k.l.ﬁ-uhj ,.,jJJl,_..m...;L“_.qj._J J]..Lu
o i) Az y LS gl ol
Endoplasmic Reticulum J,,,J‘;Iu sy 'E\S...:Jl
fe L 232 s u;-‘:a ik Lpuyiis
Bl e oo I Caiad Gomy ol illy 25V
= Smooth Endaplasmic Reticulum B R E_:njﬁig}ﬂ'jh
C PO OSSO [ PP e o P SIS Ml PO
‘z,__'J'I Rough Endoplasmic Reticulum il E_ijﬂ_u‘jn
(8) JSadl T e Ele gl S sl Lgonha e e A

.

ﬂ‘l‘\:

o

&
B s de, 1(B) N
T rp SN UL

L. - 2 .
;ﬁaéﬁ_ﬂ:&ua/
Les 5Ol s N1 AS)
Sl el

ERESURT=S (N (R B PR

izl Lyl Yl 2 Lt 5 ekl Lol sl 25 e Lt
s Jled sy SNBLS) gaadllanss o

s
= 3 By A
S

s s

Ball i Z2500 o

Rl _J..l:;l-_',.rq___.ﬂi I.‘.l,;"ﬁ‘-jl -

W ) /




Golgi Apparatus o< & :,,Lp-

‘_r*l—,-ﬂ il s Golgi Apparatus \__r?-ﬁ__u'r- j'l_g.-» :IS_Q.:

igsS e i e S8 can (e LS sl s
Sy o A ASY S U O 3 B A Ll b

(9) JS_a)l il (Golgi Vesicles 2 |

NPT RVPYCHIES PUR N UV EE N S PP O
i il g 3o 58 danSbosi¥l a5l 5 n il

Bl sl L

Lysosomes Ul E'L,_a-\ﬂ
’ 45
s S AR :..I‘J'l_.a._. > Lysosomes iJl>| f‘l |

- 1 ) . ey
uL}fﬂOZ}mesmLah:.:Lﬁﬂ@Fuj.‘_!_?J#..p:,\_ﬁg.c =5

(10) (st L daid

30y el podl LSl o imn b ol Pl B

Ll'ju'-..ﬂ J_:L-Av.'r u: hjj.‘h E-';Ej_T ;rm} L-E_‘.';L:.'Ji L_DJL:-JH «_H L.IEE:?-J :
gL..é.:;ﬂ r..J._H Ll')‘\:v- LﬁjMJ I.é_:_:.{..'-;n.” ﬁ.;- E.:_-h....f&flj »'.-E_AJ.E.H

.f.gjdhj_-;xlj‘;ﬂig_wmfw‘ﬂ Lo 8

G LRl Bt L [ghal
—nll Sl S b
¢ Lol

.

€ 0y JR2

(487



. : Mitochondria L ;S o]l
Ltall 18s < D talbidal)| " ;
= =% a i ~2s «Mitochondrion O s S sne Lo jie LS ol
P W PR EE ] I A ¥ . e % 2 s T 5 0
L Ty’ 0§ A BRI 5l L el 505 Ll Slaai e
Bk e AL L = E L, o=
aﬁpﬁhu&;ﬁﬁlggmjﬁ;ugu&;_ﬂ@ﬁ}

"-Ju).l...:a |5_;.{--1_.l£-||.'1 . " s - _,__" . _ .
p= : _,.J:.:'Jlé_MLLye:Lai;Jlé‘}_ﬁéjaCﬁstaele_pkjldl_“J

ety Jo ey (ATP L3l 1o Sy Lgla oy o 515
nry slag 51y Wl (g gy S Sl Lyjis o
Matrix il
i oln ey Sl e LS sl g
4 A11) (i) Jhail g pUIDNA & ool jdasdl fpe il

Lokt iz EE 5 1(11) ._"i.._

» £ i= e
LS madl Liaal Lo 1 320u] /

Plastids oz
- iy T o= oy ek . ¥
e e Gl emedl 3 S i Slae Plastids Silasu U
bz ST (12) Kl 4 -

. i (12) et it .’&_j o L

¥ P >
Ol iass Slacestd [ S S| 8 et Sz

el U RO R RGOS DR e el L=y oLl
il gl 1 s .éubjyl c3lalls el Y e
amlﬁdi:g-uﬂ‘ﬁ' s.mdl's:ﬁqa._.a L:l_f.aj-il_}.__; mllw #g‘u'

-:.L..m’l_',]'lqn....a_g E..:_....a.i,..nk_g._:-jf_Lu.ah uLI........DLj'l
s SEEEPLN)

e | Tl | i ] e & | P Y- fo
e A AT E s NI DLt 5 ) Bhan, 2L b
L) u1 N BEVE

'C‘E_;:J.ajllh_.ﬂ ')'l.._llllj |.1:|_',..a.:-v_“|;_.J|J.......u')ll....J|| ,..aJSIJ..:-_ﬁJ ,_11 u..#n'|/

(493



Chloroplast ¢l 23! Bkna S Sheas
22 e 05 S5 ) el S 5
Ll glios L 5T Gl
Gl pht sl s ol
Ss—> 3 ..Th;;laknicis ol Sl
3 Gpdn U *EJ-.—'U.:_,MH e
GLAN St (ol i i e o 2%
q:.ﬂ Stmma-}“.;leg;i%J.: ,b“;Jl Grana ili:jiﬁ
iyl il e G55 N
(13) JSa)) Sl Ly o= DNAj

Peroxisome é gt 9 gl

H...a...a:-....a a-_J...n...:: L_JL.n.ﬂ‘f' Peroxisomes L..-LA_,........SJJ.M

m1d|;1‘}9 Luluu J:Lh_a,}:ua»;.l:hlljﬁm'LHJEl:l:u
J.ﬂibﬁ'@—jc&ﬁuﬂuhmwﬁ ﬁJ.u.-u UL-:;J &J:-J1 o
Lﬁ"‘".._?‘"."'J .L.ethﬂ_j:r-ﬂ.”_;l ..lsur-_‘uﬁa.a.ﬂ M‘*ﬂ,dl_’,i‘}s

s a £ Entmsnme | ,.._,....-:..11

# wsea] Centrosome ,l_“.;._,' 35, J_cjl [,_..:,Jl
) il . L ¥ . 4 .
N f— "—"3“"-*“._-,4 e e
H‘t. | e, g ‘_]_J g.AJ'L..r s vadl q_.:-.."l

I".‘i!'fk_a.ﬁﬁauij' ;-a._._..i.hérr]’iﬂ_.ul

il 5 e (01550 0)

Al gs G Sl
sl

BT g pues, ;__s;:u:n:;g,;n {-Lﬂ.as‘ﬁi‘_,;jj_,_i;l.jg_,};u

S SN :_':5

5-;5";. NES :.:L _.ls (Centriole ;

RS MR T

(14) [t il oad jaall b o

DXA

3:013) J&an

(50



£
(15) 12
.r_:.:.ﬁ.xll_:._:lll I__:J ;JI\_J_h:!rII —?

=+ -
1 - wh r! il 4 =
.I.r‘_,;u‘-_:.r'l.n.l-_llihj!ﬁll_'n-.uhl —

L3k 3 pom s el Lo il
R R i R Y
i3yl

bl s et 7 5T 1(16) :s_-s:.:.

S
"o

ApitlB s ilas s

Ztiah oull

Food Vacoole

i

Cilia and Flagella .i:ﬁ_g...-'ﬁﬂ 3 olaall

.__..L_:._._,[ e :!-J.SZ.J C_EHJ.. Flagella i-!_}..ﬂl_g Cilia ZldaY)
o L By ol St dels (o0 oLty a.a.sm 1ids
o s sl A1 3 Bl Y sl sl s S -]
(15) L}LJ] it

L) L3 DL e s (ol ol o ot 25
1l a2l 2 20 S LS e o0

BB AR R R A SRR R AR R RE BA AR B R Ra e

Vacuoles Li_ﬁq._.‘:.ﬁl
o sas 31}1 SE S :._.SL....;- L!L;..a.:: Vacuoles ..""'..uij,.-._-;é_’.h
«(16) i.‘é..tﬂ JET Gaas 'Clj.;":l o CEads e k_.;;*_,:Li’
il e Daless LI (Bl wlatsdl ks ‘,_h...a & dsgy
Sl g LEF}JI.-. L‘,;.._-,,.Jl o e (S, ,_afl‘L
q.J;-.Jh;hL...ar..m.aJ...‘... ..;EMJLnJLFMI LS (g s

&
)

R P R R TR TR T

% slanli S ouill ]
Sap Varmaole

iR § o= - &
Lk ,_;3?.5:\ O VN T, T P "\ L g e eSS e 5
. 3 P % o O, 30| L I % | B B
e toiall R el ezl 2t AL
L...,IEII Ll MI-L---“G uE-JI_,;JF-.bJ.:-'-; .
2 . Lo ey e E L s a2
l.._-.l_ﬁ.n..ljl u-..ll_....!-..'!:r_ . L_;"-“‘é—'"_j—"f*'l'-‘:;‘“__m * e - =l
x
= . A Pre = Liagtetiaw g bew leies
chal SHaEy Lol pb s ilnllisls gese Hf ool e k2 Je i o
= - - = £ - & e > .
"5"‘;' S 1\_.' @E@ML@ -.anJ'I;-_,.dL..-EZ#‘
b = = T

¢ g %

AL e s
L J

(51




Cell Wall 2 sl jlised)

G S ot sl ay Eo8 5 el Wl & .15.._11 $aad)

LSl ey Ll (Clomlall s 3L LSS r“J .,CJL,.Jﬁ

b - La-.LA?.'R.G -J....ri_,.l....hj.:.f .‘h!l_,.a e ._-._,_,.bn!'l __;.1.&.:;“ J

T

ey sles By A1 LS Lule) G i) Sl 5

F . o L #
Ao & s 0l SN s 302 Cyroskeleton (5 ol (G4

Mu#;guk_;mum_g_k}m el e
AU n,J1j__,L.m31uMw“L,gs;.._,L;¢smn}

A(17) JSCah Tl (et wsl e S

e T E=leA |

.?g,hmgwﬁﬁmu.gu@nmwlw@g&pn

inhﬂﬂhujwlulfﬂldw“m 5l M2 | ;551—5-;545'11:15?&1\/
J.i!:t\a.q..]iﬂf.:-—j[‘_‘k:-n..-?j LAL':\'-:@

Cytoskeleton i; sl Ji.é.l'l

Sl 03 s SV
?é_,b.&h

BPPAEL T Pl e R 0Ly e
3 v

St S




P +
L | st

—_—
tad
- _GTh...ln
- = “_F
S sl i3S s
%‘b‘l Ll o
% s oal® *© o
" [} "W ] [}
] ] L
& |o o
a® L] -]
@
Plg ®
| I . ®
ssct o® =

L diesvan ja

v F e

g ki,

53

" k1
i -
E -

| 3 Sl Y Llaall eds 5L WL <Simple Diffusion L.l

Bk plall Jue I gall A

Transport of Substances Across the Plasma Membrane

G s S eLall b e LI s st 2 S5t S
L UL 15 Bl g S DAY e Bl 3

ol all adn Fre g BV B sl JUis) o Bas e
oL
Simple diffusion k..Ji jLizY|

: - & = ] . ¥
PGS 5 SN b T G301 AL Sl Sl fa

! . ¥ 7 - = =

I TP CIN SR VG o I PR S I P T T SO

e WL :J_;.l__: Ls 2 «Concentration Gradient Ls .S 5 G_i..l:r

(18) IS sl (sl

P e g5 Juasl el slsall e 3 al st e s s
R i

LS U e 0 S ST G L s
A SPPN | RO PRI PESU RO 1 P o0 0L JE3, VOt [ R

(19) JSCadt il e 158 5 B8N0 o 1 1 5L 158 5 s




L e ] bbm
JL.::,\JMJ.Q.p =~.=.J1‘,.7.Jt .u-ﬁ_,.! i S
;9..-).;.;1& &l |
. F SAL elall (Raatd -
w1 gl ekl e il S claa (KL Ga el
s Janll &l ghid
(3-1) 28, th"L:L&AaJ'I DU o) Fpa IS 8 Ll oL e 15 m sl D

i:_.}:;u&z;;(g];&_;':.ﬁm;t;;aﬁ;ﬁ;:@“}uthm:«;};(l)@;jﬁw’ Pl 2 |
80 CthJsu_}_b II;LA:L j(q)PﬁJanJth'1H§ 40 C-’u_ﬂ

sl I8 5 puiesl) fadsld 1ol 6)

.5 min 3 (sl 08 3 EBLY S0 ey sl G0 28 @

;) g Jalatl
T 1 b el S G

e Gl 35 ) all A g0 T mEmL] 2

L Sl 0 A 5 a3 Bl 3 S0 e 3

r

Osmosis & jM‘h'laa.....-:err_'lll s / E

EL.:'I..U '...Fr r-lLa-I“ 1.'.-'ll - :_115,.',-57 ;u_J a.a.-.-'l\ﬁ” ;--«-ﬂ'Lﬁ'wl—' -L-ﬁ-i" : ' JEJ'I'—""; EH‘E‘:”:L
(shally 1555 29D Lldadl Baludll 155 5 NCL SR DR YW B 9 SB[ et
(20) (Sl Bl el 13S 5 ULWLGJ_U;J, Nkl Y| da =2

s - _ #2 o . ._é}:_“ :Ia ELU f ) 1
¢ S il » o o | Uil .
- O ,‘[“l__, _ d 0 L J
e o B

E o e Eala (20) 82
- P o

(547



Sl LY 3 mu.......-‘i'l P LES | 1 (1) 3 ol Jsdal o

s e xR #
jﬂﬁ%;&%ﬁ&:j@;;@';;—‘ji:—lj

£ £

75 (gisbnce ,SJJI[_,L“.{

Isotonic Hypotonic

el B | + - i g ih= + - = ER 1 o -
FaA0S s 5] J el G asilisl Gl s 3 J skl 3 23130 30 :5 A
q‘; -
i—sll-“:.._ul.:::'-l;‘d;-'-éjl?:ll _;,,".SJ':J‘EL .,Jh_,_..;;.'.k;.:;._;.. _5'..-'& -.‘J_J d,I."‘|r Jla -;|-‘|I£:;;--

£
B o - oy 1 - - Fyo=
Jemls e el e Gl aS o gshed | JL S .;"’"u*"i‘ljjg;'-} sl & s
e N ; — .
Al s Ll Lghsts

il and

3
R b - R e T i -"|
A ALSS LR e G amdils il ;—

Al s Lf-, 2hdas! 5




%

Facilitated Diffusion Lg......dl Shas

f{ﬁﬁ1y]mﬁdhnﬁﬁhalgldmh}ﬁﬁ
v e ,.c-LE..'I..SJ..LJa‘ﬂL.....Ji\_f'u'In:LJ' 138

5 Y L |
a.J:-UI_,.,nN'LJ'l elzall aJ..}.;Tranaporthtemsdshh..L_“_:

: F +*

u_..!\.l:.u‘ﬁlﬁ.ln.t.HnMJLrL-.l.c- J{.«.aﬂ L.......u'ﬂ-\..lwhj.uh‘_,’d
(21) e il B3 ey

4

Lo o St LVl Bl st 55 - 3l
Bl ) Ll S

L

= | 2 & o
"...Ill e LB.:SIJ..:- aldl

# : i
Active Transport L2l L&)l

Jos wlliadl &8 > s Active Transport L) J.E.‘JI

5 S G el 3t sl B by ) b

'L,Fl'-_s-:S‘SJHJ;.HJ|_,J|L,J|L:.::1:‘S’IL_.,.JF-,¢ shelazS 5
Gros ATP B B Sl S e Bl Al gin s
35 all S Ja Sl T Sy ads e Y

(22) JS ST (S s Laad) S o i1

. OOCRG
i HHHIHII‘HH:’PHHF"
3 I\ IE%HH.

4

(21) JEan
4 s

>
Overhydration )l L 3

5 z =
r § = PR = ¥ a
232l S o0 b ine Sl =H 1;;_5-

E = >
il (23) szl



OV o3 b A g @
Lenly o B0l 3 LY
aaf Lo ey a1 ol Y

Ealani SL 15
L

i Endocytosis and Exocytosis j_g piEs] é;l;:-'-'_‘il 3 Lfg_fa.Lidl J EEY]

Lsall ol o e B ool 5 8 LSRN N [
4—L-.ﬂ.lj-'-" l:j:g.n M_J_',.p I,’II—-""‘M -L:I::»J| J_-'-]J :,'_n_:,'}';.:_ﬂ

.,...l‘ 5

4,.1,.1; G L L leall sdn e Gy ol

= ¥ % I - g
B e 0SS ol 220 E—lt_a-l‘l _s! .Endocytosis

tall s Slal 2l sdon (500 ) ¥y ol Lo

.Exocytosis Lg‘,._lo.llclra-jlq_.l.h.a_ JJ_M L’u‘ .._,_n UUI

LW B ol S e Bl plabeall gl S

(23) Js2d _,h..ll ATP

Phagnn‘tnsrsa..ul.ll Lu.kf._J...F- ~_,’J1 ._l;p.JI__JI._-.r;\JH. it a,

Al JI3! oLl Pinocytosis ‘5’1?-.“ 1..‘..:}..."5'.3 ué.:l...a_“ 3 sall

057

£ L] = z s e
Soaleah 21V sl Sl 2 K2



dehmyh_sdram._gs Lo B a1
€llod) Sla Y1 (a8 el o s st gl

“;.-LJ..:..,.-‘:LM-E;:J Le.2

(,_.,.Jiu.i;JEJ 3
M1P;.Jlmb_m._nui.1,.ﬂw1:Fjwfuydimua...uuu;..J1 ,m_,l.si
RPN PR CRU PN

e 3

ol AN o Lo {28 i) [0 s 220 5901 0 Lol 5

(6-1) thY1L6.LtJJJ1L}L.HuLJAGaL~.JJH i

SOy wﬁyhélﬁﬁ“ﬂﬁﬁ?%@ﬁ_}mj—uyw lg.b..n_éf LS
b obas

(580



Bi'nl';gital Pruness*‘els
Metabolic Processes Lﬂ‘il Glalac
sl gddadl éL..-.-J Lol i) 5 LE*...'L...- Sl

j1 74...” lnIL_ri ‘LMLFL_J MJ\Uﬁ .'!H .-.c..ﬂ__g ELHL Li'&.‘l-_.g‘.,.l

u.uu‘fj|uﬁ.ln\uwlij_uufb ._Li:..

ummn._a_ucq,_iu s

ol sl plal
Metabolic Processes db_ﬁ‘l ollee ;,_..-5 L;ﬂ")'l.g,:_...-!}
*Catabuhe?mcessesr“ym ‘_,l.c- b,da'hh.l.l..p\]......;
J_H'._._-J -Jllﬁ.Ln.l.nu.J]_u_?-]_!.Jv_buJ_.’—dlh-rl—-Lc-l-hl_ﬁ—kﬂ
5 o 5 Lo grrieS Al ol
Sl o5 G o Sttt Ta g o) 50183
Anabolic ¢ ciblee akEr 1-:5-151 _.ua_J...p Lg._.:_. ..E.LL'AS:
S Al ; DLy s 21 Sl s s sProcesses
= Lol 30l Ly 1 PR T 1 NEICY EY
(28) I el L -.;;4__.3_1} ol e pdgll ol Les
sl 2les ol Sibes

I:.]!Jl_ﬂ.r."_?—._.-u.?-

s '.. e _©
' L N °

bt atgll Eellas t(24) :lSCMJI

'?ELL‘Jlj r.l.ﬁﬂ \_.5::4.0.*.1 ’AJ_J:.E.QJI s h::.-.-;':.'ﬂ-_ﬂ /

593

Juwyadl

o580\
Bl ) Sl sl Floos
& o ol Laall Y
Leile feas
<ol -l
55515 ¢ AL 5 pual) éj-,j =
lles s 4ol g
I S, | [ECH PR S ;;j -
ety (il it e
5yl
H,..:..:_I'I ‘_,’..l_L..r- Syt :.'Ull—:-; -
Gl ol s
& riell SBLL s umt;?r-f -
(2 e 3ladlss g s
: Jodbuablgpualahl <
Sl Sl
Metabolic Processes
Anabolic Processes e L) :.:L.JLA.:-
el Sllas
Catabolic Processes

el g skl L)

Aerobic Cellular Respiration

Fermentation :.E;.LJ'I
Limiting Factor ~ 5dses |ale




Cellular Respiration ig_ﬂ.i:'d izl

olles e JLte Cellular Respiration 5, 1l L&l

w&_ﬁsswr_lmt.g s Gl ,__g.,_‘pla_..Lm

J-ﬂqnjlq_J.n.i’- q—r__:b,__-,-’; Mﬁ!ﬁ#}@b‘ﬂllubui ‘ ¥

_,'_-.1.:_.; <!\ Aerobic Cellular Respiration @_.!_,‘Jl Sl : ) 's

E r'_rL- i ._5-1; W -Ell_ﬂ
oA r«l_ALG_.F-q:-nJ__gLL_U.LSMHI_,'_& LMS:JJEEO_]‘}"UJ\HJH
Poals s *_1__.1 &l G ._1:-._”

(23) P astasal N als) TR | G B 3
J_{—J;ﬂ = ""J;ﬂ ;“::J_!Jﬂ - EFJ J..i : .LE-L...l_}LﬂJ.u-l:lll.l_arl_qiul

_J.....ut...JLA_.J.a.F- * C_ILJL#L:;JL

S g JURESL JUE O, W1 P e C o pau [ o

-V L Usdl | plasa b 5 o3
LV bl plasn ks G sl s | ds e 2o,k

.gm-!ll o f_l—ji:'k-’*

uUp+QLSJ1.LHSHJL+pL;:iI_Ja“5"JI+:U£}LU1:§11

=z

CH,0,+60, 2= 6C0, + 6H,0 + Energy (ATP)

k- E =]
e Galaddt s,-,-“"i:""rl dlas 1(25) |82l

ke Jaty y oohiall Fon 25U L) 2 S Q_Ju.mﬁjn B B 0l Janll 5

'an..“....' - 83 F',_ai..l.__u.ﬁ
J_A}J.Eh ;h_r;"llﬁ- .,,.,_n_,ji ‘ 'l-; i
d_h.rj_i.!‘i_r_ﬂ‘_,m] 1_‘:.."1

- i et 3 O gl
Al Ll b o5 e

S T G /
EJ}_MQJ]C.—JJL'JM]

-

Zo sl sl ilaes

(603



Ll adl Lyl O s 2

Y 100m \_,,jq.m.é
Pl f == wm LS |._...5'L..La.rrl I3l G LIS

?“g.l.%J'I __]f;' i = _,...:-v_'lq = 3 egoma Lgils S
o J&Yh:_:—h:u.l&.'pl.;ﬁ_:am'
I#-L_,_]ll‘_"J : -

i 2 L " 'I’,_L:-J'l
._:I_.g-._ﬂ-pn.uq_..]...a.n.“al_u}".:.-— bt ._:;'_9-6-'&

J:_A.au:.l'- e

W

A g B e sYI %

® h..-l'

b

25 (L Bl 5 LS
Lles o Lo Lz |
= Bl 2330 Gl
ol el
B3 (el Joy b
:hldlq_#..:‘hi__;s: e

._.J.b ,c-uLL:J'lih_y
;_|+| o dsdl e ) ]

e L.--Ju-l'llr_h.w-ﬂ

.._,.UJ;-,_F- ._r"l-*:—“t' Ve "
o # L3N ¥i =

LEL:_.JH ‘1,'_-1 H “

LSl sl

:HLA.-S” L.nl;b.:'?}i,' '5.::.'.’1.11
e L'_ o

C613

Fermentation ool Lles

| gk e Ul 5] ) A5 LIS ans L3 Lol

" s =l Al O ._o Fermentation J_a;-..ll -3 5

L_t_;.;'._qjih,g__,p_a:u_dl
Hq_.LHuP\_J.UI_@E LSV
.:.:,EJ|_$_F.J.1_-A_,JLI_=LL3LUJ>UHULQL“_JJML.J
(26) \_JMIJ_L:JMQ_L.,-.ﬁa .l._,_.ul

S I S B Y PR RWE % S E e e Eiad
f"';'l-:_:‘lq.rr

L'_,_'_h..L'I

-y £ . =

!4_.:\.“ ﬁJJ'mJL Lé..c- I:_w:

CEHEDE—rr 2C,H O, + Energy

L, oi%
L s

SR R pamdl] S 28] £ imeidly (L S
Gt a8y e S ST S0 S A ez g S e

Aasllall ) q_nL...a-l

2o 2o les «26) s

2. = | 3 -
Piladl 3 Lol ddas et .::ib



Photosynthesis ;.;...;:JI AT

ol Jid (Sl Lay el OF Gl S22 5

.Photosynthesis s .2/l ::L:._JIE::J._Q_;.EETJ_ *“:_1-“:‘-;5;—&-1*"
' o | % 54| Phyllon *,+ Phyll

A
o ) Az 3 8 el o SN 23T 3 L AT B 2(27) K20

.~

& )

3 AP
:- 1 ; 3 51l g e SR el E-hlorﬂph}dld.la_a.a}...____.
- =5 e ¥ - + £ * - _.5'- b - "-' &l E "] = L;\—‘d-l-aj' L U‘sl ll
:;J:J Eﬁ_:;jll Jlly - :,1‘5_:—,.!.«.5\{5:_.&,;“1_‘4.@.“ Lkr—h..l.ﬁa.;;l._ul_:_,_ll\ ’jJ ?' . P 1- .;L; “ Al
. - Pealln Bl tayalcll b
L2 -n - . A& & E - o o = - ‘_.r'
e=‘-—J| LF}_-"-UJM‘ e 3 e o agJ.__1J£J1 .j.:_....sl E"'_rl-'“q LELQ.“ - 1‘:9\‘“ o
Ul 2y o(27) 502 Tl coy SN 28 Lo hhoriia 13 Gunkiaciyee

Ll L:,_..a:-'| = sl

L

Lol

Gzhl ) il Sl
== Monotropa uniflora
rER S P
o s IS0
LT 3s Dl LU
Jadl WAL,
et &l sl as
Sl s J o 45
o8 a8t o3 eldddl e
oLl 4 — s Ce
Saall 3 e [ S5

L&
e

o

62



o et syt
L les 1o 2l
plas 3ol il
Ll te Ll il & 5 Ll
L | S 5, T P v B
2 o) e Sel
R s (oY) aby)
' -_3"-*:r—5k1]1 iel 3

azlal 3 skt Jlaedt 1(28) szl §

|

oLl Lhae 5 St os o ohalidll Jiad 3 25
Y sl Js pall
r.a._..muﬂ,s,ul;\;. Fofled ot 0 SN dost U

J_:_. 4

6H,0 + 6CO, ;H:H 0, + 60,

e e

F::.

LSS A T S el B S plse

I;.,L.:..:L.:Jl e| '_-,J A Jlals] JELJ i &= g4 Suerose

M.JH..L;.:-f@M:;.JZ&J* S & 5y 4 L bl 20y
_J'—""L" ‘_-,.:h'f'i f-ll—q-n-ﬂ HLJ.A.C- nl p-'q_'l-'llal] =.:-'I_..|NI .-._L:.-.!'i

| Cellulose skl 1_%_.,',_}1;14.,_¢cm¢_-.a_¢1).5.1,,1|
L s ’_Lun.u.um;mf&_ﬁ_,umm.-m

1=

-t

.”_L'_t!j el

S5l ﬁulmdm_;b}.ﬂ,.n 356
Factors Affecting the Rate of Photosynthesis
Jol s 23 sl gl e JA03 il

L] e = =
U S 5 dlVIa 2 il e
:;LIH-I:J _E_Jll‘f-aljll J.?:—_;..‘i_g hl:__]j-:_“s:jﬁ "_J,"_'.—"""Sll

(637

33ls5 A4l Coats gl falall s
Bl C ol TSoall bl A lee A
.Limiting Factor dselll




o115 61502 Bele el 302 At Y ¢ el 3 s

A Chalall Wi 353 rm a8 Il T8 sl e e Jolea 5305 il

dos

[

bl kas

-

= 5 o = el
A sbsibeiils 5 00l dles Jaz sty

- e

o

P L

Jsd=a \h&ucuﬁ*ﬁlahbnﬁ._lm ﬂ!....&:_‘l.”

xg >
=la¥izas

Light Intensity s=L2Y/| ;.L:
Fe s gl Lol a3 UL £ i O Gl 2
535 ) 633 50l WI 30 B5ly Oy esldal) gl et
ol sl a8l YVIELB BT g L33 el sl L S
bl i las Jaai ._1Ln sela Yl u..J._..u Lol 5 a0t Sy 533l
.L._....Si\_fu.:_;m‘}..n _=-—'|J..J.:.-=_- LaLun.sLd._a‘...u_.._...rLr_,...al-'l

(29) 1l el g ST

Carbon Dioxide Concentration S .i.._....,.ffl _,;L.‘ j,L# S 7

Sl adsnag) 0 S ST 50 3LE 38 5315 LS

F—l_..n.“m I'..l_t.-:l_:111( ajjl.ull J\_wh..ﬂ.lldj_r_‘h.ul_;.l_m
I;m}ummqfﬁl.a._wsﬁ LJLFd1ﬂ_h.th.:ri}ﬁ&_l'h
P g a3

.(30) LSI_,JI Ll

Gl lds 58 Sl e 3

o
P 51 i : S et o 3 3
h E}!L-_}fm_‘;u]lldd;“llmi‘dmliduﬁlmI_;liJ_:LF-_J.A_qu._!
o = e - g
‘,3 .:JLan_llll.J.h-aJL p_ﬂduljng.;zl1ou__r|hlﬁ.:_,' =
5 % /
=
3
et
B
al
R 17k s 3R bl a0 st i 3
- e
=% sk p el el Edas ._,..-_n; ke

_nlsYizis 57 :(29) fs:.:;n

._;,,.A| L IIIJ.,.J.,L.'- "

- = - & r ¥
= l:.‘....;:g:u.*...:-ui

ke Lt J;;u
G ool s 010 £
o Bl Bl ol as
57 gy Ll Y
5.5 :.,51 — 3l s
s o3 ells e
il § Oa) [ e

ﬂ.lq.f- J.L-.n ] nl:'l...r.:.'}'l

_,;L.a.tl el

st 51 502030 e

- _m_d_.'lcn.'.....lli...fmﬁ- ...q_ﬂ.nll__,r_!\,]u.i."

(64



B3l e 311031 J5an >
.L,-._.-L.Ju__-v._l__-a.‘L'-p......h.Jmﬁ 1Jul|..u

i ‘_"i,mjlaﬁ_?bli_?-}

L7

RO IR

sl ddae Jaet St
s YA s 51200

I 1 I I
0 10 20 30 40

uC} I .?Lll '..T-‘-_J..-

Temperature & ;| 2| &> ;s

: LJMH L-,‘J ;;‘.n‘_ﬂ...a.” :L:J] Il.éiﬂj ..5.___3.:.'th| LE’JL‘J_E'I h{.J.J_?-LT

ol 5V G b e

L.a'»iﬂ::..;ﬂ.....:S‘YHLL.:.J.:JEJ;;JI_-;.ML},:.CL.&:JIJ_L;

IO I, \/
LT dee JA
a3 E_—_L:-.T;l Ae ;,;._,..aj'l
E!_;'I_‘.adr'l i 2 e il 2l

Al

(653

E -_,Jﬁ_.LJ;.,_!“_#MJ‘L*»MJ.L_Uou_,_MJH
A...LLF-J.L‘I‘.AJQ\J 'UAJLL_ML,‘.LFLLE.LJ-J.&M\J_L;IE

S Y Tl Il 3y (AN Saladie oy all oLl
A VGH B =T T [ O | RO o O S

(31D JSt il o J 5 sl el das JOat s (635

M;..E ‘1u_pml_l|u4alll;ﬁ_aah;u_m1ﬁ
¢ 3wl PN - DS S-S L (O I <]
«_n.hd.nldd‘)h‘,fd‘)\_p ale It:ll.,_.e..,ﬂ:f\u;m._‘..ﬁl”

N, &




€L sl ollaall elsY Bl s Lo o Eoll Bt fraos LS 148 N3 S0 1

5 2 ] E
S-E P E D= PN PR O YR N -55-F'

1 #
LLG_z_L_u.‘:_,.-JLwu'.hEnjﬁé.,}}:;hajnpubumg.ismd_a:lmufﬂ_,m.s

A 8 Son i) G50 A58y a3ty L 8 iy el it ALad,

_.;:}..all;u MJMJJLM E};h'_ﬂ.-.[:u‘q‘}‘

sl lensl oo el e |
SV plall slele 3 o s Leplin ) 33 (1520 550 oell 2l 3 SLas) L
Al ol d o s ol el g ..r“-"-’:“ =
P 0s SISt U5 1S sasl; B b e Sl Tl dade & o 3.5
LF.Y\J:....JI‘}.GLJ'L@_.pl Leunts 5: L5 Y nhdkdbhdica;dj_.aji ) lae Jau
1558 Y AT 10 e S m_;lsmu_,i Gyl e el o

[

_ ._Lmﬁ'iljm_,lf- -.EJJ z_'}LL;.

‘?__% -—.-._.... --------- D 1%’_;“ Q}J .£.'
-

% " .
p ,.-" AW g S8 s W
3 0.03% anss Las
=

ST "
Lay i

<>



Cell Cycle Stages 4ulal) § ; g3 Ja) 54

L |

J?-!ﬂ1jm1€4bcﬂnc}'ﬂaw=wdﬂ
rL...m'I ﬂanu}ameHL?ﬁau!ﬁLH‘}fdﬁu
Al :..U!rL....n.ﬁH}ﬁ_‘:J;Ji

B s ol e 2 s S
Mitotic ﬁ‘,-lﬁn“ Y i-’l?’f s «Interphase i..._gl
(32) _ES_MJ’“ | ;_Lu'l .Phase

alaNE s e32) Jesy

el

Frandss aJ.ﬁ J" s Lkl 2

Sl Dl sl 2le

A L5 F o ge 23 -
Lot s S5

S Moo S Eaf-
Pl Lol e el 2l
::""-L-‘-U‘#{'L-WU Szl
BN

w2 3 55 A el 251
gl ds o Jlsia 5 (sl
Mﬁ!ﬁuﬂ;}:.&ij-
UL <
JEsiaans sniE -
A el S
: Aolbobloeuatahl 4
Cell Cycle FHEN] - 383
Interphase i,-_J'I -“:J.-»J.J'I
Skt LY Ul e
Mitotic Phase '
Crossing Over pyees]

A.J_:-.J'lnjj_h.“lua.ﬂ.ajlt# n M-P'di/

67



..;,

Interphase {ioJl d> o)l |

sl 5585 Fe 1l an_ls"ﬁ'l 2 el :._:wj'l El_l.:.-—;q_lrll j_::
«S Phase —asladl § o b s «G, Phase E‘:ﬁl\ ;
.G, Phase Ul y

sl s 33 Lo 313 1G, Phase J Y1 Sadl [ o b
Aglas el y

b :J,,-—L?“ 'J—b,__,‘,—':_:l:-d ._,,_...: :S Phase _isladl ). b

L Lgsbe S it | |0

|.s_mu_-.r\_...;:a.d R 1_.,,... G Phase S 3ol )b
35 s ) Centrosome . S-S ol (.__..-.JH i

.(33) Il ks

M Phase g oo LYl > o

(5 ) PLy ) B Al s fats

j—u.«.-rh_}_,_ij :

4 -G, SN 5l (33) T&en

iyl
“-L’dﬁuﬁw—-.maum1m|d.=nud_t(d|.}u_a]u|£_ul i
.J:J\.l_juh.ﬂll_‘h.'..mj] .'_.ﬂL.,—:.JLn.é.q.ﬂ Egh-.:-u._ll._uﬁ.n._ﬂ.g__.:-
ity S A bl e S S e 3 L :
1..Chmmatm

LR

(68



Types of Cell Division (5 glad) aluddy) &133'1
a2l LBVl g g bz SLaY tlar oo I (5 sl LBl (i
Mitosis ¢ slwiall sl
T esi A B P ORI A 1 WY TS 1 - SN S [ W, TS | ,a_,;a.ﬂ__..am u:qu‘
:%4_.;..;115_,.hil—t_"1 am'w-.LJII__MLm ,_!l'l_....l:-v—q_..l:.-—J."-",_#M.t.Lr«a h.-‘l_';'n._”
n;h.ﬁﬁ-fléa'u‘mﬂu:‘.ﬂ|:.§.15:— (34} JS—-J" ‘:E.Il- ‘H.ﬁk.lrl L...-"n.l hn-ﬂ ..ﬂ ﬂ _‘?\.Ilh i = LQ.E-_A E \_7 :_ﬁu

4 = -
Eji@-—.ﬂ;m:fl_:
AES kTl S I_,mL;..-

q.j...ﬂ-i.d:.:l:t;::.u .....:z..-.Jl

-

AN -2

nw + 7

e ) |1J'“'Ln_!l1_|-.‘h-...-— +
L_ﬁ_,_}-l = 1_,;_l_-;-,_:_",._,l:; p-:| r._aj...l...ﬁ-._.al.}..-.h it _:-2:-1_

Fed :
1l - 3
e _&L
s : 3 mh—umum_msamlhd_i—
ol . i = r= 3 e
"4£.ﬂl.-,¢.... ||_-f-J_.g- o5 T _,_;E 3

-"ivh n-‘i—*_;l Isﬂ-ﬂh-‘

&2 -,..JJLT..J':.EI-I 1|__F_...5L!J.p-F

'::a:.d_l_zu..l ..t.LE_ng.p-u‘I_h.:.S_I:_’

2 A5l

'

e

T T -
Lz s
..';,u-‘-_-_-;dﬂ:.-:- L-.F""I"JJ_--. - I__Al

._,_._,-I;_-t'_:ulqulT_L.r—
d.ﬂ'_AJ-_A E _':i- I,i....._-.:
._-;"*—'L"_,'i"'“‘*‘-""'l'-"‘ _-:.E..E..:_lu'l..l.:t.-;.:m' =

- gomlad] o 2
RATCS] t.;»uL.JI..}‘m-_J i “S_P e 7-"-*.__,...L: 'S]|M9_T.-1_J__,

A 4 : :
LBV 3, LT:(34) e el 'z“:ﬁ‘“!"hﬂ'ﬁ’éfﬂ‘ﬂf"?':- hegrallis]

S - .:'A._l._.*:}u LL = =
L§lL.I.-..I| i ‘e"-""}_‘ =i ﬁ_ﬂ—a&ﬁ.ﬁ.ﬁ-&:&@iéhﬂ'ﬂﬁflhm s —
. i W | Ty LI = S A i Lo
'5‘“‘“""“‘-'“‘-‘1]' 1';5'5._.-‘5 = —_n"L'JIEJ:?__'I |_"n‘_ Tt _.‘_‘_.:i.:‘:.u-_‘;ﬂ_'q__r_‘."::“;u:q.:._ud:::_g u.l:'.fq.ﬁ_;-..-s_-mnf__,lp—_“
= L A N J

(69



Melosis i a:20) ALY

C1_..u] 4_..1:.1 4.._........&'.” 'L.n'}#};“ \..ﬂ_...a...n_“ L.........:"j”l .._._5_1-'.1

LA 54 i) OB) Lo ALl P e ety il
Jses T.]mia{ln}wa_.uj.njjﬂ1umd|q_mu—1bf}iﬂhf}l
iV L .(35)
: 57“)"I§ L*—f}EMﬂUSISIQ:J;xflln.:E_:a.L:JH

.(36) ;LS:_:JI LT (Meiosis 1T

L..wﬁrlﬁ_b:—f Lq.u‘a ,_....5:)—_',..:..“5 """”f‘
P =l

o ally La s oo 18 2nl o ol T 001 O 538

Lw e L a e I

?-__ﬁ.' ;:Iill il ""I'\EH J ‘-"h_;-"' L :a_:.:.'-‘ﬁi /

(20) s e 222 STV e pameal 513

R

:..'L..Q_:-l n_:..a..x?L..:_J
flﬂ]‘.’u—w-}ﬂj .ﬂll-.rm—_n_ﬁ "J-n?—
[Iﬂ}nlj_f.pi-;-fali" '/
@5l
{1m)

Pt PP Bt L PO
P

,EJE?._::'_..A_,L” :L,_.:.r"h' A, a0 {35) li_._'l

Vi —
r o I UK S E

’ﬂ!

LS an g Lul _'\_._;_1[ ML—H

5 Akl u,;.h plas
Sl Lol
Lé_,.:- j.g-i ;.._T ;LEL_..LI -'a;.ﬂ;
el A 2o Lo
;l._T «Power Pomt 4w o

S [ s pllis

i ==

Laall

Bl 5 S e 13y [aa
Combretastatin iloul s S

adall ol clod fair el
Combretum caffrum :‘?.5.1}191
i zhadl byl .st; e

Fala ,....,...rl < ..J..'l. B eass

- J':-:
] -2

(70



r : =

1 R
s ..:,_,L._:—_-In.._ll ‘..,_J.:—I L.-'-..!L-, :‘_,;.L':HE:_.H.Q;IHL&M
ol = ®
“ww*ﬁuﬂiﬂlwltm-..dl JJ.I ?lan.u_'..':‘.lll +
L - £ 2.4 . .
F i 2 Ll =i, e £ el LA 1 s .j'w :.\+:.J!- .Hl
Jdiulh..nh'b_a-luu_:.m_m;- -..;L-’.r_?:.._ L_’\LIJII :# If-up_-' s 4
d.—"..fn.:—__-:'.tl &JI_FMFM.MIHLPL,@LJ:.S:IHJ_-
= soary A « .
IT_l_i- pi:ﬂ;ﬂd;:rh_unuujp_.dml'r_plrau-.pl- -.ﬂ" ..:‘-"._J_.-L-..-,
'L. r
LS

& &

N e . r] .

n_i:;_LSJ..:.-LaJ-_.,_R.;_E_..}JI i :!"_;Ll.lll __FTI_,'_.'Hl_}_,JnJI

- b LR P i 'f‘ls__,.-_ i &
eemml A gt e m s \-'_..{_L:_TL.-__z_r.S'_h'_.d: O 2 S

AR A
Gt

i | 'Id_ulﬂl.}u' ._...ﬂ..-..._?_nl_u ‘é_lll...a.m?| J_.,Jnﬁl
_1.»‘_-.0J4F.|_|L£.o|.- IS _n_...na ..d_'!.r -_rl_i.._i‘l_

. | S -"'- 1\.— _‘\
¢ gt ¥ .

: F ; A P WA B Cord s, Rl B | A
jl.S'J_Fuh:;_,:_FJ e f&_m‘-_:ar:ml:r:k_!;il;_,_hll J‘"‘j‘"““‘“‘""—*‘"-"“&"" 1'%*']]_"'“3' -l

& &
;.:_n_. ,_F-._._.an_d._n_m u.._,_..-.._ .i'

'}
;LL

L;_'ﬁnlu JHJHL_LJLJIHJH:J#ELT_;;_;M . R
i - :.- - e g Iq.:..l . et | -
eVl Diai L I8 3Lt (4) 253 e

.Elﬂ]umuﬂ_f.}\_lll.,_ﬂ
L i T I

A

A, 5

b T ! ——
s AL AN = Wy
CaZe MEL RV (36) 5] | x}f | xx
f-— .I : ..

[ 3 g = g
:MY]J;.LQ.@M:LJ‘Y ’,...H.J_;.'.:l ﬁ1/
-L'i-._..:_:-__:.l_,..la_t"" il L}‘_.I.-.:.I Ji‘]l 'L&JFJJ_E.“
--U-;LJ]'LJ'L:-u'IJJ.F-a;J.:J::'&‘M__a— .,.a._-,a'L...._..q_lll 35 o 1

Fm;_:ihulfu'ithuLiuylAl '._FI_F':.LP—_F
= s = P e = i pa

i=al]l L-_'}Lv-ulll u.' E":’“..*"'_?’J_.-S“ E_;-_‘._.._?Eg_“;_l_pj _.!.J._n_';._.a-._L;. IS__;: s=tglols i_.—,:; iy PP

-

oo |

» A_,J_._-:!'hl l_..n.F— ..l'_l e {Iﬂj-_.--..#_n..-:.:l..'.‘\_' o
.J_,.:.W_Hu:-'j.-'l.:-j h =

13



Cell Division Rate 444l aludi) Jand |

# ] a2 - 12 a2 %z s
s4all 4oL Cell Division Rate 4l oLl Jdss O3 n

L Gl 855 ol ) S AW e
= 3 . 2 i
El e e 8l il LSl oo odnas el il Jaas | L
Lo paiae L5l s 5y 3 i A LN e |
Sl o e L5 fL,.alfo_..ii.,:.g.gu__;y1 =8 Ve —
: i - : | s il E
LJmiHl;mﬂnLuuﬁu;mujﬁum.;.._...;.',h o =
_.- - -~ w - | - (S
A Ly

£ LSl e Zaly Loy i s el LaS Byl LS

g 05t ol g L) - Ji st 3 S

R S # “F
Ll'j'.}J] II;L....EJ :"‘L"‘l ,._?’J.IIH #ha.i.ﬁll e IL@.:J:.‘H 8 .:".a'l_id,,nj_th
Eﬁﬂ‘éi:—-“vf“il_g;:(,.:_,ﬁh;{;';,_sjrl|jé_;t_ﬂ,;}[|ﬁj. e

gty

ity 3 Al paa 3
The Effect of Cell Size on its Survival

SEVERTE S AL WP BEU O

O ¢ Sparlall Laze a1 128 Tl L3I Lo DS T35 0> |
51 I 535 b 996 (L8 sl o) LB s Ll s |

-.r\i

sl o 511 L B Ll S s sl Y 25
L Zpo sl il e ol £ O [l i s
Sgall b g5 e Tl 3,05 5 5L &;MLC_,,‘,E:E_;JU._‘

A1) ot el @ S L el ol baall SN o330

LiAal|

KPRV N (O TV |
£z
Qmushrlﬁl[gl_mut}w

e eldin W
gl and 21 1
:.;.5;_-..1!!;}'_-:‘- Lol
5 ol Dl 1Sy
oills Poti ik, A

'i.lt t s

[ SHsplal a5 2l o

iall 3 )

(72



-.Q..‘-:_:ﬂ-l E.:-—...d--j i.:l.:-h" = :1._4. :J-ﬁ-"..n.” (1) ._-J_g..J.::_-L.l'-

Jcm

54 cnp? 24 em? 6o | Ve x o Allx Jlll =k JE-L
oY1 2 X 5, =

27 emi’ 8 cm’ 1 e’ g VI 5 ) ¢ 0l =i

2:1 3:1 6:1 IR A B0 (R R il

ol 39 alag ko 1t D)

Tumors 3/3¥)
u.‘lla'l_,_»J-LJ.‘m| ._un.:ﬁ-a..u__,._réu LLr'}'a-ar 4...-....3 _..F-d_LSuL‘TL]IﬂOl'IIInm.—_I'Id_u
1_.--...# yres ,—-|_le ,.:n.w...d......a %MH%.J"_I.FE_}_LEJH Lé'iu‘:";‘_a-—

I'é-'-

Mo ¢ 223, e Bl s Lt e 3
T ¥ S et 2 LSl 2l LB
@ - ‘ ) sl JS2
bl Gaatiill &3 *F e : PRC IR (FOTRERE
R ._MNJ,_“_M_E__; sl ani ey Y it }L,.___...,Ju_,,(.__ﬁm_;,-;‘_ﬂ

L..a.ﬁﬁ_gq:ﬁ-u...ﬂ .,.aL,.\.t:_.:A-u'La .H} = ":h"n.'!"'L&.m.L:..‘a.n.“M'f' ILQ._!JPI_H.M-".’IFIL‘A;G

i.fh;_mm,au. doise _.r-f-Ja‘j‘ln Bemgn"fumorsu_..q:-..l'l plos 8y ;h—n--l_}
: @Mt 2 L e Lgdy el 2 3 bl
Sl s s LS 8980 il 3l pddl (5 e
;J&\\Mﬁﬁj;imijyil@%hﬁu
j.(_.‘:.h Lail (Malignant Tumors 45| {-Ujl‘ﬂ |
Lol

-
1
e

U o 5 5385




Slad 5 olstsl sl el Slaal Tl sl WM Ly 25 2 ot i e 22 M3 il 1
# a 2
'W@JJ}JH’}:‘BWE}JL}QE@J.&*&JT pist)

el S ;fh_...mm_,_,(d_ﬂfu._m_ﬁum’ SAPAE g N CEL PN e
rels il Y

$5:4.:3:02¢1 :iﬂlﬁﬁﬁlfﬁdéﬁi (A J1) el pl s 1

() 3 ol D) ol gl St et 2

Q{Z}E.J)L-..JUL..&JJ.hl‘_,‘:._.Lon Jﬁh.u-l.a,_}
m,_...ﬂ;nu}m.sn__;f__a_a..uft__mm@mnru__.mL,_.m_,n._ﬂ 4

sl LS Sue

?igJL;L-EHLﬂE-QJ:"EL“E!EiLﬁJgE}&’ 2 ]1-‘ E‘_:.EJB!LJ-’*-_IHL‘:EE‘}:T-E

742



it gallg 2153yl

=

u__,h-.liiai_-ml E

-ju'_.il_‘.!i'| _ﬂ.‘ll_..ﬂ.: 'H.; u:_'-'-nI

PP I I S
(bl g o B 2
g.;LnI.J.;i-.:_..J';rc-_, i
Sk 2 Tl 25 0
r|_;1 Lg_,a 2 u..J._": =

£

ol b el e Lol W) e Jpuand) 250

.h.a_.ajlhggjl_:._;f.__’:m_',

) G A Audl) A dal) LDAY)
Dental Stem Cells (DSCs)

o &
o Apla Lo el e plad T8 LY T sl SN
el e §0a Wy alod Bk it Jiy LS

e 3 Y1 a2 Luusiuh},uuumwwuuﬂ

._:||..=-.,....|‘_,_p| ﬂ1 ...d.!.\_j Lﬁnalﬂn...i.a._]'l#-.,_-,_)i..ﬂ

Loy Bl L3 e ol Bt 1Lkl ke

Skl b eliiend Je Sslans colasV1 Lol 5 fe S
M]du@fapwuaaq;‘inﬁ

E:-'{QJ] ‘_’_-_J:--L‘v"-l'l 'u-.l_‘_}’o-h E.,_..,J rl,_:'!ll.ﬁ-di E"L"' \_“J.L J.Lh.'u_:- Lb’ﬁ.:iﬂ

e 5,48 Lol LS a5 (Embryonic Stem Cells

Lol Ll s

. % =
B L L
W

L e 35T g 0 B )
A e Lol Ledod) WO e J gl 585
53 sdos § 4 fairaus ! 5 plazell Gae NI 3 LD
o Gllals A B VI a0 S r\-w-ﬂ" s
.Adult Stem &ugﬂgng@tgw&?ngwgh
dedondl LY G 2ue J_;F _,.11 iu..}ul };.:

el L:%Jlﬁmdlwﬂ'e-tsﬁ_,iw-i-@w@:;ﬂ

mj‘i idae 3 (o -us..;“a;.j,i ciakc

.,_-,Jg.....j'lq u._-"}'t...a.nj] 3 3en 3 H...F-L:.LE'I q..JL.S.....J] &4 r":n.q.....lill E_L:nj] L.-'!I.ILn.ﬂ“ LE,..A el 1..|¢| ...a1
.f.:J.d.“ 1.:_-|-E-L7EIILI f-lL.ﬂ:gH .,_,:‘:_ -f_-.ﬂ.liul L-_'}L'#JH ._,*'d".-_.."'*" HFF- ‘_}L.as u._!.;jll h‘,..a'll_.,.nl[ J‘a"'...'-”

753



j L-..T.h.lll ,F..._‘a--‘)] 4..&1 = L‘}L?r.l L.dé?l o)

J—'-.-_.L-.d.'.l ||._'}'a=1|l T|
cdaadl LS Lo

‘z._l -._-_{.;.r'l- IU"L:'!!-':“-!] —

A

ciaaldl Sl el LY s

u

.

il ol fles o 2y 23V 01 8

S K0 O 0 Sl U
' =
| e .3 elall o
£ & % "
:-a.J.!l ;_.; I :d:-.-o_l L-i-f.:-_‘n.-.d.!l r-IL....lll -;_:.LQ.FI 9

O w S oo, { L
: S 1t

A B

af_'lu._u.'l_‘e...z.l|._15.:}_:.]_"‘\,]_ral;l-.n """._.':""hl l}-..."...” et

=0
E.-.!-l._ﬂ: 2.:_41_._:-_‘::.‘:' ..__'_,._1.!1_._.45'

sl 2l pasdl sl L3

£

R | PSSP [P s | W S g BN e |
R - o - l\-_.i L IS - I__
Joedt Sl C s

E A

Sa gl daa ya

:_J'_';'w Jn;;...ﬂ

* P

:.L‘a--lll ..n._..-un.‘.=-'i A.l'-l -ﬂ..y] .._.JII Rall L .;'.‘ l_{.l
- r L

el s

.:-- l.“l.-:--I....._r‘f-'-‘_;Lﬁ-l_:.¢|..1'1.|I§|1 2 Xl- "'| 'Iqu.‘a--I all

o 38 sadl .-—I._ﬂ.-.:-d.:.:l.J.._.'..ﬁ'..L.'l.l
=||:r.-'||| - .:1.'a.|=-|;||......‘.|7-| —
Ailadlya diasiie g i aal 2
Fl -
e aleal Lo LS ol
2 s 4
il ol = ol
2l s &l
- L
} 1]
“ | . = - -t | - -~
i:-wlj;}.:l:_f.l.']:’:_d.v.ﬁ et S 3
P
szl N ces .;u.l'l.:-n'lll ,-'l'n.-.‘-:-.k.lrl o
. 1

i -
.-....J|a.'h..-:.'|- -
& o .

1 gl b ol e oSN a4

T -Ik# = a u.ﬂ.-lq..l:ll il ..'r..‘,.r'l.

] s - i

i |

e e
:_ "'|I | I-_‘\3||
“. J‘_‘l-q---l L

.:1_.= .l-Ja.-a.u-l‘).] J:-:_'5:\.'--!‘” s |
; »

-u.- I| | & R
I.._:q_:-..|=_l_-|_|__.:.|."||| L,ln.-.--."e -_.-..'4.:# s

L

! -
"r-l-'-“lul-‘“"“'d
ksl S o e =1 =N
— a o s = - -
I&:....” :LE:J]_J :-u.t.ll..r'l- n—
aslall Lyl =:..:-—=.4..\'|..__5'|..|I =l 6

. 'l v
R eS| u‘}ll.'.--.| ]
it P - S

i 0 T+ | B | I EL, 4| B

'
& O
£ L)
s oy = | il
- | . v 8wl el
i 'r-:'_,- - " "

(76



Sas ol daa pa

L] a
e J sl
L SN BLaL (ol AN e Ranb I g Jai Lo 324
Ll M I
& ] # i i ; ¥
A loll 5 23l .,:-'[j bl S oy il ULE.‘.H} ‘hll.é.m.;.” gLu'C..'.:UU ¢ daendl _:;ll.:....‘.'r | llae ;,.:: ni.fl_':E'I

! - ! - = F&E = - * - 1al® = e
A 5 il Sl 36 o ol U 51 )

- 4 i i &
5ol S ga ) Ul 251 S 65t s il ik i) e gt B2 S0 Ay S
A5 g € 218 e el ot oAl o P L 1 S5 §

:._;-.'-'L..J'I .j!_‘,...]l
ks A ale N el TS e 2]

(h L

NS -0 S LN e L

—r

) sty (D) sl Fa S 5501
126107 50,3 L] Jliadl o) 3 S IS 2oy sl oo
Pitid s Lo SN Blsdl 2 1 3 el S5 1L o

€962 1 113, Y0 L) Liadt 81 A1 o LG el Lo

# *
1 ch.J1 .,}'I_*;..J[
oy a3 s LY o 5 By 3 Ll Sl 2]

o U

L7 af

773



5 4
".1};3_:.':1';;.:. H;.ﬂu‘ Jij.uuh
ST PRSI B
A L Bale Led s

(2235, 25520
o

|03 grum

: c R f o e R
g saledl oda al Ll Y G-V
EE 2 T . &l - ':; 1-
(3) 33, Casll =& pasm dias Lgo a dms — U gmS
e L 1mifn 2 =
| mm

e 10 mon JPE JEPSIEPREES 5 b PO )
PR NP A AP

G N L Td 35 nsq.-,_.,_u1._,_s_|n 5 1|n._;...5.’,¢“_] slomall JKAI LS SAESE3) )
Slas 3 bl Gy 5 a1 3o Lo 2391 CAS2N BT 1 Y 5 n@-ks-b Jsbms Gane s
10 gl li.;-a

E'f,k.-_:u' e s ] Lol Sl Ly laes Sl adeadl Ll L 1

I sl oy B3 LSS nsj r;-.:-l'uJH:-mu.!'lq...._u c._-.,;..Jumh_u;..L...LJ@l 2

JN

ket
2
£ - R ¥ g 3
- S 3 .._..1_{.1.11 ;-;5-3_._,., pra - 4—'}"..!.” ;Lnﬁ'_‘,il 3
- - L -_,‘ ‘_,..; & ,

el i 3

e S Ll s i) b 3y gl bl ) B 53 ST 515 A1 o B pamead T b
R T e e T
' yslanall IS 3 LS 0 U1 2Ll S BV 24
bl s A &gl ._:_._,.L....an;_,du_i 1

L €0 ) Ll Lo 501 2

MCNEREI] l&-L..J.lun_,_g.aJ..':L-.n sy
S s Je Ca(OH), podl els J shous {M et ,...n 4

43 0 U g2l

78




1&&&&3’:&&“1”-5*
L Lsmnyl.wghh..gwm
oYl dsdadl S LS E‘L::Jh;_.b_,h;_;l__a (4) &

(%) Wllat 2ka3 25 3,20 T

sl 5S 5

2l i gt
tL,_L;jsimeu;;LLhLu;..u}Puin.h..h;izsi;.hﬁ.:
"'la._Lh.If.}I L E iy 1S M Hakeia 3, 82 Lo
cﬂ.hJ \.;n.ﬂ‘.ﬂ _J": L J

_“:JLFI':'_' LLGJ{:;\‘-_F-.J.:.I:\th.rA.u.I. |}._......1-J;,_§_'_1-'-iij.ﬁ

ol i e @&kt | D50 | @254 | (25,5 (g/mL) g 30
+325 +312 +33.7 +31.4 00
4213 +228 4222 £20.9 02
24 19 18 27 0.4
136 137 128 139 06
20.4 193 197 202 08
203 211 203 199 10

[

o sall L3Ny L LY 5o JS DN L
Regcoal Jsboeall 55 3 bJ_:-LlaLL:..IC’h. L;L,,J.Jnd.:..;’ : T
mecu_}sgmmjbﬂwdm L,Js__uﬂmjtﬁd ,,a.-.-;an.;L..J..‘.i
Usleza Lol Uoldadl Zakad 2o cLadl 35 o alowtl o ._!3:.1 Sl ;,_,EL.JH J el 55 5 E‘:“"l
G gl 55 5 5 e | i S i oS il 5
G303 S Hygemadt Jah il L 6

Zrz-'miu

1

215 galodl Jig

J5 3 1smis 2 ol oS KAl Sl (TN B o parmnad &3
n...L:J.-.. 5 aloeall E:.....Il ll.nJL.lL‘LrLujj.‘-‘ﬂ"J-lFLﬂ -,.JAJIL-«-.HA.-JLM-O
-.C'I.L..am_t.:_}ﬂ'hgf—xﬁ[lfﬁ.‘\.u|JQ;F‘§4£E?&&E;QWE.1L§J#1%EC.&}
Ll dars L3 8 ) e (;l'-:—"-“-lil'ﬁ e gm1 Cmt Bilmadl O g i 1 3
3elaztll Sl el she e v gl Sho 111 535 (& ol

e P LT tihls i L,.JJ.,.T&L 3l .

-

lql-='..-..-..|__:,.1--nl




. fella JL}1¢_1E|¢L;€_EA_E’?EJL#LEAJL€C:;:‘.;J1 Wl s 2

2T Sl e ladll sue Ty BN E.Ji_.;_UE:.Lj“J-ﬁF;L.}IE._..JHl;.—_..‘, 3
A5 . lades ,dwcg...__ﬂ.ufmwnuwwn. NS 2 Gl
E EI._“.- -

25 ¢, - i f
_3‘ a0 .‘_',.E:.n.'l_LAJ_;'I ._:_;LF-L#..IJ_"-.LF-C_Q.:
Sl o
E 1? \‘x\ ;

0 ' tde Sl sl

0 51015202530 T~ iz

(em) e pdll phae 20 31 N pndy O3 sl ..:,._.L.'l (3) lall Sast it ol peral L 3

A Tl 83 Za2l9) Ui g g0 33 a2l e gl L35 s

= u_.-ul.a‘illn.i.k o ,...1‘ ‘]M..dl[-._I-I:.Ju ‘\.l'l.L.»_lh_FlLJLF-JJ::-}J .L.:!E"

1 {EL.:-U]\_...ILHAJL.H J..ﬁ-'i.n._..ﬁ.‘l.l.u IL_Flll.luh_..lll...l .i[,_v-.ﬁ-u|d‘_ul...:.¢ ',...'J.ﬂ."

24]1:#%%&%..4'&;%””##: ;L‘:“_'il__}.‘:.....JJLaS

PLC I g | REIR Lnu_;u.u.._.p ,.r;' ,.;.J.;.-.H —I Ef L)

-, L;;j.gﬂ;g;ﬁ'?HJﬁ;;;tg;ﬁa Wu f1m|3:u~..u_[:.,‘- 2
'L.iu'wh,jéj# il

*"“\Liwh'ﬂl e E.J.'o.,.l.j.-“| 1.Lu.:..7._,, .dn llu”mﬁjz%dﬁah 3

SA 924 m sl e anlmh&. S3) 555 SN L 5 15] Stses s U 4

(o]

(80



Q:.JL?-.LE.-.EA.'I'r if....a
(M
ols (5 o Al oy el Flail 5 b SR PRS- W e | éﬁfl :Exocytosis fj‘,l:nj! af}”
.- o3 e ld) e sl
I:,‘_;j‘y;_JI elaall bl 3 b b L i oS wlaia Al jL-.-L_-,l :Endocytosis :sj.lbr.!i JL::-:}“
R A oo 3O il Fre Al o U300 a3 bl 05 SN L1
J.Ma Zikpl w Glay 5} (5575 a5y ybiS gmall 3 2l Ll Solelt| Cristae 31 oY

o

e

= =

" o . o }-':
(55 oAl J2e) o a3 513l sodl el JLat! iFacilitated Diffusion ULq....iJI sy

55 s 1 BAelnes o 3N L) T L 1355 B o 1 J1 8Ly 1555 SN Lo 1 e
Bl N 0gs o
By Loull alstsl dels (o sliny AT h..u..J e 035s st 5 Cilia DAYl
AS =l e A
E’,i':;jj (il ,L:.;L:iL‘fJ'lrL....-.rfl L_,'.-,...:.:_J;_. J..Lllﬂg_,:.mdlluu.nﬂliJum :Metabolic Processes d::.-\.l'i
bl pagdl olles Juis 3 LS gl 5 Bl L ;OIS L sl

bl
e R }J‘jul elaall o5l edl 15 e delus L‘r.._..'.jﬁ : Transport Proteins HOR) él::.;j;:ji
St L) Blee y St Jal Bl
B S h.;La._......; L_,'l:h:l :J.a..a.'.:; N T e s E_l::? -E.:.LQ.F- :Phagocytosis ;-:.Q.AL:.“

J,.%L- CL.,EJ ;‘;_g_..";ﬂ s pall B ol el :,.L_a..: iles :Photosynthesis ;:_,_..—;.ji ﬂL;:ji
(O S ST U5 eledl e SN 5 5 S )

sl qu.i.iJI di3l Je :L-.-. ey 5l 5 j.;ua.;- :Peroxisome E_,....,....S'_gﬁ,.!i

(81



(=)
..C.L. Lnur—_; L.a..w.a ¥ "1'|1..3 5w & >0 tControlled Expenmenn.b_,...a.q.ﬂa.mhh -u;:-r_.ﬂ
,_-_,f—‘&'-..:'l_’.,_r_q..'!lm La......u:

S Y s -;.:hn.-:h O3 pa il é'l:.}l :Fermentation ;2..5..:]1

“ Bty S ._,'if C"‘E'l - ',.,_, wol 2l oo Ll e s LA JS.: ':..i.'. Differentiation ‘;,JL..:J1
LSa) ,.aL:a...i-fq.J;-d J.hm-t.a..lajj'l.m'}'x.s.

.‘_.,j.\..

2 B - B =
-LE:J_EVLJ}:-” e -"“ "UL.J!I.‘-*.L‘-I-HJ EJ:'- _,;!JM al ,.....q...L:I..nM PI’EI:].I[‘[]DII_,...J1

sl rLL'::JH PLE JIS oo Biodiversity @,.:-di t_;....ﬂ
lhas L-n.;: _,'..a 3 weldall e a3 L]l ;-L..,'I ..a...a.... fn.ua a.La.c- Cellular Respiration Jj.l;di J..n..J1

Jﬁuhiudl ‘lllf‘,l:n_” .....n-'?..ﬂ1

(@

LI LY s bl e st Jleliall b ;JJJ:Ceu“'aHES‘,_li.J1 Slasdl
il dedll ¢ (CIldall

sl Slay 5l (g o s 2 o8 e S é‘:j{.ﬂ;s:..__b :....'l...:..p E.Lq‘f..:k :L}'iﬂsumejbdl F—’*""
;;J.:.:H_,.ia_fl oS 5 [y :.:.'IL.” cds) sl LSS _:,.i:h:rj ‘o .S 5 :Cetrosome :_sjs'ﬁ.!l F—’*""
Kb Js 2
;J;'!J;.a IR e s Lﬁ..;.-.. ».i...f. mal s ,uL;Tn I :(Golgi Apparatus ‘_,;h_]_.’.ﬁ :La.:v-
— Lsmh..uuuf..;;:._:)wu_ﬂni_ S EALAE)

(C)
IS gl sliiy Jams s ey 5L ol (5 s S Mt § gk

(s)
J.h.._-‘-bn--ﬂhﬂ.ul.‘-‘dllll-é- _-uu.p 'l.r-.a EQW.J?I_,JHJ&L..J..H :Cell C\Ci&&.b:”a_;jj
LW Sab g e St Sulall tlam ol b L_LL.::J. cads g1 a1y Lhsl oL

(82



()
r.n,..S' La..'bLi:-'-'l il __J.....L-.-a -8 I.Jui«.l_j r.S.:'r_JI e x._.a.r V_SI... :Ribosomes .._.:Laj.,uj....ljil

=g B

u;ﬁb:k\lﬁml -t.ll::...v.d._.‘-a-..ﬂnr_)'}"uj_..wj] ":-,:-—.L%—u:-m}..s-...ﬂg.ﬁ—'mﬂ

i)
oladl O i e sl 3 J;LJ'l ¢ 12| :Cytosol j_,_..-j......]i
(3)
-11:-.-..\ ﬂ:. EL =~,_,= :}J_{J jf...a;'- :Rough Endoplasmic Reticulum E:....‘.:i..ll E...a}‘)ﬁu_,.u}'i Ei.,:..ii
SO S R PR E S N PO SRS PPN o B R - P -+ ¥
g KA gy ) ) e gt

G : S 4. .8 * #
il e 02 e 0385 Lae :Smooth Endoplasmic Reticulum $lododl L35 s8Y1 2Kl

&

CL-ll .' LH.QJLLJJ-LMHLJJMHILP&HLAFUL‘H:HJ#E.}Jhuﬁ-«ﬂjljw‘jﬁ

g * ] 2 F - - a i . i
J=ls Jlaksla EJ.J.&...; Dl e 4l .._...1:-.: o ghadl Jl=a ) ca E’__Ju :Pinocytosis (5 ool L;.Ji

7 i 3 (&) * *
o e S ity ol Bkl “pa el 2] Jald LW cpe Lidow Ades iCrossing Over j‘,.....!i
Bl (ot g0 s S B RARS
cds .a...di ilar il s caasal) Toodl bl 2ol P ; +le :Mhcrobiology 3231 el er
Agalsl 5 ol ) s
3Ll JISCET e ek s ol “.Ln.'p'l Cya :F_-:,é Biological Sciences islod! p sl
WBL) il yy e L) p sadl =y E:*"i :Botany <L) G_Lp

WUl ol By o £5La) |I»:..L-r.‘l i i‘; :Zoology O sl G.Lr-

(83



(2)

: s * = RE
| gl ‘_jl i sk ede 8 S s ke ol o e Blis olae (Vacueles E.JI_,::._.&H
....:;:-Jll “:":’" ;,.4 ,_»j,‘_;.';—ﬁ J:l :}_...l:.-— ;,.,-'- :_.ﬂ.!l.'.:hﬁ L;ﬂ ;E;:J-\ h:_.-L'Jtlg.rl] Lu_}"n:h f,_b.l.ﬂ h,': .1:_-—_3.7_3 ;E:.L_n..ﬁ..ﬁ

:‘I.L*.” :r.f s
" e} E'__"""\_.-'

kS

Lggoen e ...:.:-;.UL.:-LJL....}'I ,i.;_.._f«.Lp._J'lj.,..ﬁq:.r cis dule] H}*pﬁtheﬁisi:.&‘,ﬂ
(3)
il 5 e sl 50 ol A 54s :Magnification Power FS:!I ::5..
..,_:;J.-.L:Y'li,.n i..ﬁ Laali| \_,;.la.i; oD - ’—<il :Resolution (Resolving Power) ‘!..“:." ':;_.
(p)
.:LE;....J'i el LE"J ks B2y ..‘_]...LH.E.U 1..4-.-'._; -2 :Dependent Variable é_.;l:.!l et
Le s LU LJ.... .._,J.a-J'i gasd] L.....SJ.. 2 & h.:'..._g....*a :Levels of Organization P.J:.J1 _.lh_}.....a
_:-J'I:J.nﬂ| e .S..JJ!In_g.:h'ih 'L.a.c-")””' Y
‘l.rJ}g..llll m-_.L... j P ._: S A g slgzs e i 2 -4 :Constants Variables d.....f.iJl J.a1_,aJ1

£t

.}..n...;u..l & ..L..."j'-a .5.-.4 a..'...JL..un..n.J .u.‘u!IJ.- == :Independent Variable -}a.......n.ﬂ Jaraall

,..

b 4 St By ) ol et

. 4 ’
Sl o 03 A 21 ol L3Sl 2 3NN all 3 el ISUa :Centrioles Sl 3%, A
Sl J-é-' et -‘":-'rbi‘-"‘ S5 5 e '--“-':-"*ﬂ Je 5-:-7 3 ekindns mo &) 20 5 0 el 5 4R35
& sl pLs | ilas oS Fd el e S q,_i_“} ¢(53S sall [,__._,._n
Ade iz, e ol :;L,i':ﬁ f.aj‘}UI i::.a_‘;.ﬂ saJ :Cell Division Rate Audksdl 1|auL...Jl‘?.‘..l s JJ.:u
LM é;....:j casllally ;.;Lthj Pl g el el & 1:..5.1.:. ~ols Nutrients él:.i.-.ﬁ.ﬂ
eV LS 5 elal ol IS
J s 0 L1 TS0 Lkl 1 plasnd) Gy e yames LS Scientific Method okal) iomgeal
Ll J= )

(847



(857

& i g eLAE g i—..:-... Y ?.:5" §.h....=..1.11 2=l e 25 :Cancerous Tumor i"ijf“" E‘JJ'“

:_] 5 =

=

g

# i S 4 R 5 | = :
g0 oy 5l (g et s ol 2]

% e

“ij;ﬂj .u;:J_a-'—(ﬂ' -.:J\.:...a.UL EJJLE.I L‘f_.q....; f,_-»_-a-.J] :J.HS L;L. _:L..q.r-:i..a.:-'- :Mitochondria b ;.5 &.edl

()
P 3 G| O A g

.AIP@ELHH#.&:»LL;EL&;:%@J;H Lo
ng‘j

L
-

# ¥ *
MW Liadl L ai :Selective Permeability 4, ;L1 5L

¥
J.n.!u_g

Al B s a3 5l 58 i 3 Aalaily

(=»)

- = . 2 ) :::‘_5
ils g gl el OIS Lhan g8l 2l 3 Ao o S 5 :Nucleolus & 5l

< 3 . + ] i
03 srml el rm e vind s Il SN 5e 485 i Cytoskeleton (g glndl Sl
A bl g SRR ST A SLAA L oo el e diiloel s sl e e
(5)
- 3 gaig i = e #
5yl Lgilaas  J1 o3l 3l pad Al 5 i daes GO SO WS Se el L5 AlS :Tumor E‘JJ'“
Lzl s Lo

tle Laseoll ZoeiV! -0 ll-i-lt',.w._r elis oloes LJ—.‘?{JJ vedag ol S :Benign Tumor .i._..q.%‘r_“ {"JJ'“

LISV {5 T (O S S P [,

celae] s Bl Lo Ly oo Lo 3 25 s2alies TSLT Y sy G5 slaalll jleadt of ol



. Campbell. N, A, Urry. L.. A, Cain, M., 1., Wasserman, 5., Minorsky, P.. V., Reece, 1., B.,
Biology a global approach, 11 th edition, Pearson education, INC., Boston. MASS., TISA,
2018.

. Campbell. N, A.. Urry. L.. A, Cain, M., 1., Wasserman, 5., Minorsky, P.. V., Biology, 12
th edition, Pearson education, INC., Boston, MASS., USA, 2021.

. David M., Michael S. and Mike S. Cambridge International AS & A Level Biologv. Stu-
dents Book. Harper Collins Publisher Limited 2020.

. Dispezio. M., A_, Frank, M., Heithaus. M. R.. Sneider, C. 1., HMH Science Dimensions
ecology & Environment, Houghton Miffin Harcourt, 2018.

. Jackie,C. Sue, K. , Mike,S.m and Gareth, P. Cambridge IGCSE Bioclogy. Harper Collins
Publishers Limited 2014.

. Kearsev. §., Cambridge IGCSE Biology. Collins, 2014,

. Mary J.. Richard F., Jennifer G., and DennisT Camhﬁ-:ige International AS & A level
Biology Coursebook, Cambridge University Press, 2014.

. Miller K.R., Miller & Levine biology, Pearson. 2010.

(867



PATRETPPITRS Ly

Collins



drouladl puolgall yo avjall
wupall b gll Lo amlial] gresd dloliul

Google
b~ .

U wgiall jie Obaiie O



