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(Modified from https://fruit.umn.edu/content/flowers-to-fruit)

According to their development, type of flower, and
the number of ovaries, fruits are classified into 3
types:
1. Simple fruit, which develops from a solitary
flower with a single carpel or several fused
carpels.
2. Aggregate fruit, which develops from a solitary
flower with more than one separate carpel, each
forming a fruit.
3. Multiple fruit, which develops from an
inflorescence with many dense florets, and the
ovary walls are fused together into one fruit.
il (palell sacg 8)3l £oig oSl ddy ) Gag
gl &5 I HLaill
ol 83>y dly)S Wb 83,bk0 8)d5 (o VS Anamny 805 .|
doxilo Jyl)S 8ac
SST Gle g 83,800 8,05 (po VBT dsdzie 805 .V
(ly)S US (o 8pad 098I > (dliadio dy)S e
oo degozo o 3SE (Lol 83asi0) d8y0 8yed i
0ssd lpaslo lde Exiliy [dadSll dy)laiall LoV
S idino 83>lg 805

1. If the flower shown in the diagram is fertilized, which type of fruit will be

developed?
(1: stamen, 2: carpel, 3: pistil, 4: receptacle)
T3Sk ol (0 £95 518 (Sl B donidgall Bymill peadls 55 1)
()3l Bacld 1€ (jaumoll (¥ (dlyySIl i Blawd] 1))
A simple fruit dlou 8ya3 | A

An aggregate fruit

ds2azio 805 | B

A multiple fruit

(oYl 852550) 8350 8505 | C

A fruit with many seeds

2934l o A=l Gle (g5 8pal | D

2. Identify the Corn borer stages of development below by inserting the following
letters:

il gyl Rubgy 6L jguall L8 dsudgall 831 duwgaw H5h5 J>le s3>
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Larva a8y | A
Pupa ehic | B
Adult female d=Jy ol | C
Egg dap | D
Adult male &L ,s> | E

3. Sexual reproduction in plants and animals involves the union of two gametes to
form a single cell called a zygote. Gametes include the egg and sperm cells. The
zygote is formed after the sperm fertilizes the egg, resulting in a diploid (2n)
chromosome number. The zygote develops into ..(Hint: The following figure
indicates a fertilized egg.)
Olzaiine 3y losie Wllgamlly eblull L,é izl SISl Gasy
Cb.u.ow Jo.wu (u9:>_1).]|) d=9\JI U.Q.u.u o.\_'>|9 c\.;.L‘> U.)gS.aJ
wass ol amy dxBWI 3Si dagiall ddsdly duaudl ddsdl
Wlogawgeg)Sl yo HL dae lgie &g (sorall Yloull dudygl
Gl A8 3k (oY)
(dpdiied ddgy by Ul Jsii )

Embryo ox> | A
Endosperm @yl | B
Carpel abys | C
Ovule ducygy | D

4. The various taxonomic levels (viz, genera, classes, etc.) of the hierarchical

classification system differ from each other on the basis of

ol ol pUaill S8 (3] adllghll (wlizVl & Jie) dakizall drdiaill whgimell walizs
rwll Gle pasdl lpas) oo

how widely the organisms assigned S . A
. WO Tt sl e
to each are distributed throughout " ? - ) S

the environment. 2l G2 (Ggmo

the body sizes of the organisms | JSJ duciiall dusdl @USSI plms] plxs>i | B

assigned to each. (E o
their inclusiveness LSS slgis] L9 Lpelwil (gaw) Widgeu | C
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the relative genome sizes of the
organisms assigned to each.

dpniiod] USSU dudl Wlogiusdl plxsl | D
GFmo JSJ

5. Which two structures play direct
roles in permitting bacteria to adhere

LSl (Sl u9 I).»JLUO Ho> vl Sy le
LS)-’UI a.b..wa 9| vasll lpasu laidVl (o

to each other, or to other surfaces? OVguuSIl )

1. Capsules alsll ElgVl LY

2. Endospores (Fimbriae),le.&Vl W

3. Fimbriae WlaojMdl €

4. Plasmids blgwll .0

5. Flagella
1 and 2 Fgl A
1 and 3 P9l B
2and 3 PoP C
3and 4 £l D

6. An individual mixotroph loses its plastids, yet continues to survive. Which of the
following most likely accounts for its continued survival?
poud) dJull l)Ldl oo Lgi skl L8 jatowg el &09 il 289 dydsill bliso > 58

$eladl 9 o)latiawl Ul e

It relies on photosystems that float | 8 = gahi dbgs dobsl Lle daisy | A
freely in its cytosol. ) Jowgisll
It  must have gained extra a«ladd sie dslo]l LyvugSguo e Joo> | B
mitochondria when it lost its plastids. Ol Ml
It engulfs organic material by of deeldl Gob (e dgasl slgall gl | C
phagocytosis or by absorption. .uebaioVl
It has an endospore. I g | D

similar to many angiosperms?
1. They have exposed ovules.
2. They have flagellated sperm.

7. Which feature of cycads makes them | sl dglice lgless wlstSaul 8 dow gsi

3. They are pollinated by animals.

)93l 8lago (o
-dabgw dygio Wllga> LgJ ¥
. Ulgal dawlgy pal .V

1 only hsd )| A
2 only hid2 | B
3 only bhid 3| C
2and3 PoV D

8. A biologist is trying to classify a newly discovered fungus on the basis of the
following characteristics: filamentous appearance, reproduction by asexual spores,
no apparent sexual phase, and parasitism of woody plants. If asked for advice, to
which group would you assign this new species?

62

inXD0D0© J &

@mawhiba | mawhiba.sa

NEPL Lol Ver i
P 1E-PO raile dydgmull dyyell d_Sloall



L] ® b
4 eette, o200 290 0
e0e tulut a0 i 8%
i . Mawhiba ’)56’,7)3
bl—*—'—“—’.. ? 9 iy e e 3=l ape ellodl duwio 5
. - pul il a)lig | gl yisa s sy
u.\bsjl msﬂjl AAAAAAAAAAAAAAAA S COMPANION S FOR

NATIONAL GIFTED OLYMPIAD

Ministry of Education

TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTT

(ST Sl -dains]l WLl Gle Slaabg d=usly duwis dl>po 5929 pac dauwis Y é|9.3i dwlg
Sauazdl ggill 13 Cuwitiuw degozxo

Deuteromycota dloSJl jue/duadlll wlyaall | A
Zygomycota dlpdVl/ duzuill whyhall | B
Ascomycota dSawVI/d.85)1 wlyyhall  C
Basidiomycota dyog;Wl/daolea)l wlyyhall | D

9. A student encounters an animal embryo at the eight-cell stage. The four smaller
cells that comprise one hemisphere of the embryo seem to be rotated 45° and lie in
the grooves between larger, underlying cells (spiral cleavage). This embryo may
potentially develop into a(n)

8)S wauas (355 il y2oVl @)Vl LMl sy LU ileid] dspe 9 Wlgas luis b soli
35 (igplo elusil gog) lghiwwl ST LWS ¢y 2316Vl LB gitig °€0 dyglyy ddhmie uicdl (o

) izl i 3l
Turtle slaslw | A
Earthworm duo)l 8395 | B
Sea star x| C
Fish dSoww | D

10. What distinguishes complete metamorphosis from incomplete metamorphosis

in insects?

Sl U8 JolSUl yué Jomidl e JolSIl Jooiil sy i)l Lo

Presence of wings in the adult, but notin | 3 g d2lll 8zl L8 dxinVldg>g A
earlier life stages 8)Suoll J>1p0ll

Presence of sex organs in the adult, but
not in earlier life stages

a2l 8yiumdl 18 ddowbill slacVl sg>9 | B
8)Saall J=lyall 58 g

Radically different appearance between
adults and earlier life stages

Bpisdl Gm JSidl GO g)de Blisl | C

8,Saall Jolyallg dlUI
Only A and B b_a_m,,gi D
NSVl &lo] zilbo

1 , 3 4 5 6 7 8 9 10

B A C B C C A B C

1 2 3 4 5

D A B E C
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Abiotic Factors :dyguzl jue Jolg=l &
Temperature :3)l,>d>)> e

Water and Oxygen :¢juzwSVlg sloll @
Salinity :d>glall e
Sunlight :Luoxidl sqo @
Rocks and Soil :d;ilg jo5uall e
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(Sl b51) delozddl po @gilli] of SL3VI d8LS] go st giSlg il duols Cum EBLSII-
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Deaths

\% n Ja0 5 paely el b
de gandd) 35l e (e i

Deaths and emigration
remove individuals

from a population.
IR0 3 el 5 i g

Ao ganall A 8 220 ey A
>
F Y

Births and immigration
add individuals to
a population.

_Immigration . Emigration
Aaglaall 5 gl Aca Al 5 gl

] Ggumdll delazdl pz> b 855all Jolgsll bguall puoed (M€ JSiv \

Patterns of Dispersion :gy;gil blaii
Clumped sl -1
A uniform phiiell

Random lguix]! -t
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Exponential
growth
2,000 +
dN_4 on
dt
= 1,500
@ K=1,500 Logistic growth
‘@A
A 1,500 - N
S W orov (sr)
S 1,000 ‘
b=
Q
&£
500 4 Population growth
begins slowing here.
0 T T T
0 5 10 15

Number of generations

o doleal) sai Juna ity o eaadl) ] gall) A gy a3 gial) Asland] gai
13ai pantl dadll jeda} Al (k) dulaginld) 5508 e (V) delaall ans il I
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Tz oo alaatuly dieline Bl deleal) s gad ) salnd 5 3Y)
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When population density
is low, b>m. As a result,
the population grows until
the density reaches Q.

When population density
is high, m>b, and the
population shrinks until
the density reaches Q.

Lab i L€ 280 55 Larie Labiia 4GSl GBEQY) & 5 Latie
U dad b>m ¢ hassi ¢ A A58 b<m «
) AR Jui s Q) A Juat i dslaal)

Equilibrium density (Q)

per capita —»

Density-independent

death rate (m)

Ly Y ‘s;:t“ ( m) c..l.gé,l\ Jaa
aaugl) e

Birth or death rate

/

Density-dependent
birth rate (b)
AUl e axinall (b)) i gall Jina

Population density ——
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Experiment Ecologist Joseph Connell studied two Al 5 J S i ga A el A8 Qe 8
barnacle species— Chthamalus stellatus - i il (e O 58
Chthamalus stellatus and Balanus balanoides—that have b a5 5 Legd - Balanus balanoides s
a stratified Lodale i) Jalu Jgb te jaiall e
distribution on rocks along the coast of Scotland. e saall e Chthamalus 2 s
Chthamalus is usually found higher on the rocks than &8 U8 13 L anadl Balanus
Balanus. To determine whether the distribution of & 881 G Ll e a3l Chthamalus
Chthamalus is the result of interspecific competition with sl e Balanus JsS OV <Balanus
Balanus, Connell removed Balanus from the rocks at & gadae A

several sites.

Results Chthamalus spread into the
High tide  region formerly occupied by Balanus.

‘ -
~ Chthamalus &3 ; Asidl)
‘ I‘ 3 OS g‘ fl'] . 1‘ e’
&L Balanus

@ Chthamalus
& Balanus
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G. fuliginosa
and G. fortis
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(yieale) Ol jgiime y3lia Goc
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yoxb UQ Glaall Jlaiuwl £V JSb
Vgl

75

in X O g & NEPL Lol Ver i
@mawhiba | mawhiba.sa r-1€-P0 1 Slo dudgzudl duyedl dSlowll



bl_"a_l.n.lgi
wibgll dumgall

NATIONAL GIFTED OLYMPIAD

.‘... ..‘l.

00e,% ", 000

oe LI oo
o "a s,

Pl ill &)ljq

Ministry of Education

L sie A. insolitus

Jllia g f slo uias
A. insolitus usually perches
on shady branches.

gl s0asi e A, distichus

5 AY Aeadial) mhall g
A. distichus perches on fence
posts and other sunny surfaces.
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Gl CuSilly ggicd
18> glgull uLszma.oﬂUl)w Sl Cosyilly gl
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Disturbance influences species diversity and composition:

Jio wllhsVld low intensity duaaxio gl high intensity dswly wblausVl g5 Gl ySwes
Al @blgaall H9Ss ol pSes pS @wly 35U L) KeSe ol pSer Wlliasally Blaxlly wblall @l
(6 )lxil JSuiy 9035 V3 deloz of dlolS e o e 8)3Millg yrll as 8puia> o eSS
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bugiall OhhsVl dudyd pais .olill jedz e 84> jhzy lows pbd ol GlE LB B
g 555 whbubYl o disell Whgiwall i Lle intermediate disturbance hypothesis

(a) Soon after fire. The fire has left a patchy landscape. Note the (b) One year after fire. The community has begun to recover. A variety
unburned trees in the far distance. of herbaceous plants, different from those in the former forest, cover
e 15k 3 pal) ala il (33 all e 8 G 8 5 2ay acﬁiii"j;’i";m bt el 8 aind) a5 al) amy aal g dle
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Ecological Succession : juJl Ldledl &
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Energy, Mass, And Trophic Levels :clisllg dlisJlg d3UJl Gbgimo #
trophic levels dsli¢ whgiume L8 Lin pls L8 ElgVl grasiy &l slole pgd) -
o ) drell wBMe Lle 2y
ddzill 4015 o oSy Al LB WIS guaz peay Ml il ggimall -
primary producers iull ol ¢uwlwVl ousisoll Lagl ouig autotrophs
) .of the ecosystem
dld ol wlisla - photosynthetic organisms dbgs szl asly wlsls) Jio
(chemosynthetic prokaryotes dSlbwosstl dyiszill
.primary consumers .oVl uSlgiuoll oo Herbivores wlincVl US| -
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o)l (o uSlgiome po x5Vl pgzlll WUST JSU il pgaldl &UST wblgusl -
."tertiary consumers aJull
cMl=a)l ao detritus wWadll oo agidlb Lle gebams ool uSlgimall -
decomposers.and detritivores wluwiSJlg

Sun

KeY il )91

8yl olass Mg \ m) Chemical cycling
Loss of heat—é‘g; w ) Energy flow

09w w3 G gziiall dSlall g53
Primary producers \

T oededl woSlgnual ellwall
h Primary consumers g Detritus

R

Microorganisms "jua
‘%&w and other

detritivores

’ il sl bgiumall :EA S ‘

dilis)l whgimall ¢ a8l Ja5 *
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:energy transfer between trophic levels is typically only 10% efficient
Production efficiency :z sVl 8slas
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secondary consumers. el (uSlgiamel) sliss ¢ Juuidl L) 9l

:d Wl dslsall plasswl dSlbal WVg=oeS Wllgasdl 8slas wbd liSey-

Net secondary production * 100%

Production efficiency =
y Assimilation of primary production

Lelioy il gl ALiSIl 8 djsall dSUall g Net secondary production ggitil syl 8o
reproduction. j5lsilg growth gaill
lgoaziwlg L2l (Ul LgSlgiunl il dBUall duaS o] cro oSy Assimilation wlsswl-
growth, reproduction, and respiration. juaiillg ,5Silg goil)
plebll 8 &350l d8lhl) &gl duuill o Production efficiency sVl sslas (16 « Julbg-
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33 % 100%
) 100
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@yl Jio « radoVl opSlgiamall Wl amwlinll Gaxiiall (o dtiall d8Uall ¢po 21 Jis a3 13)-
21 L3lo (po bid 11 old « (pgmlll UST) ¢yugili uSlgime ] @8l 03a cyo 11+ J&5 el
(10% of Gugilll uSlgiumall 2o LoVl

10%).
skl Job e @lal) 2yl 2aall-
poxlll WUST 889 (yo =y dilisl
oSy Gl LleVl wlhgimell SScarnivores

Tertiary
consumers 10
CJUI ellgiuall
i3
sl pladl lgocsy gl

Secondary
consumers % 1001
iG] ellax | ) oave .
il elgnual 72 Bl o had 7)) o> VI Juay Y-
Primary * h
consumers > el Jbedl Guyb e didball diblassdl
Jo¥l cllgiuall g b
" Primary g Gl sl dSuh e @Goykll Job e
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.oyl loww
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An idealized pyramid of energy. This example assumes a trophic efficiency of 10% for
each link in the food chain. Notice that primary producers convert only about 1% of
the energy available to them to net primary production

10,000 J

1,000,000 J of sunlight

] o &bl oy €9 JSio \

dlbasSgazllg duzglgall Wlloesll
sl @bl G olually wlitall 1935 e Jasi dlesSaanly duzoloul wldas!

Biological and geochemical processes cycle nutrients and water in ecosystems.
Biogeochemical Cycles : aiblwouSguz>gadldl wilygall &
o Lgild ¢ dygu> yuég dugus> WhigSe e Jowds nutrient cycles whisall wlygs oV ks

.biogeochemical dibasSgazgull wlygall
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ST dpsas Ao ) 89030l Al @Bl 9y il puesidl slale &
restoration ecologists return degraded ecosystems to a more natural state:
dygandl dzleall i) Ouialiul pllell skl gaaz 8 slalsll pasiuw Lo WLe
biological augmentation dyg.=Jl 35L;Jlg bioremediation
Bioremediation :dyg.=J| d=lall
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Biological augmentation :dyg.=J1 850L;JI
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:Animal Behavior-the how and why of animal activity
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Discrete sensory inputs can stimulate both simple and complex behaviors.
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(b) The realistic model at the top, without a red underside, produces
no aggressive response in a male three-spined stickleback. The
other models, with red undersides, produce strong responses.
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1- In Northern American swamps, predatory adult mosquito Toxorhynchites rutilus (T.
rutilus) preys on the larvae of Aedes triseriatus (A. triseriatus) that are foraging for
food. Larvae forage for food by thrashing the water around it, but this makes them
more vulnerable to detection by T. rutilus. Data has shown that thrashing behaviour is
strongly correlated with larval health and fitness. The parasite Ascogregarina barrette
(A. barretti) infects A. triseriatus in the larval stage and completes its life cycle in the
pupal stage. This results in weakening of the larval muscles causing the larvae to
thrash less for food — thus making them unhealthy. Larval deaths were recorded and
categorized into two causes —
(i) predation by T. rutilus
(i) illness and other infections.
Which graph is most likely to represent the scenario described above?
Toxorhynchites rutilus (T. Gwyisell W Gogsdl Gupiay dllosin] S ol wlsebiiume (8
o Wyl cuxi L plebll e camis Ul Aedes triseriatus  (A. triseriatus) ulé),grutilué)
T. rutilus. lgaiuSy dye ST gl 1o ¢S dgy dhuxall sball Lyb @upb e plebll
bl &l g8l byl douay sy byl by wpdll Dol of ULl o,ebl
d.oS:gg Wyl d>po L9 A. triseriatus wuay Ascogregarina barrette (A. barretti)
By JBT 18,01 Jzx Lo lyl clae Blews] I Lo 63829 -shisll dlmye B il 8y95
— G ] Lpdaiuariy Ol ,l by Juzmanss @ puo put lglezy lao cplshll e
T. rutilus dawlgy wl58VI(i)
. 63V wllgiVlg o all(ii)
Sollel Wgogoll g1)lpudl Yoy ol a2l (o 31 bl @yl Lo

el

Predation Illness and Predation Illness and
other infection other infection

mwl

Predation Illness and Predation Illness and
other infection other infection

B Notinfected by 4. barretti
D Infected by 4. barretti

% deaths
% deaths

% deaths
% deaths
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2- Codling moth Cydia pomonella is a serious pest in agriculture. From time to time,
favorable environmental conditions can cause population outbreaks. In an experiment,
the minimum and maximum values for the survival to different heat and humidity
conditions of codling moth pupa were studied (Tables 1, 2).
Analyze the risk of mass bursts of large numbers of codling moths on the basis of
these data in the coordinate space of the two-dimensional ecological niches formed
in the zones marked with the letters X and Y (Figure 1). Table 1. 100% mortality of
codling moth pupae is observed in the case of the following combinations of
temperature and humidity.
Wo,bll (6385 o pSey « )3V wdg (o dehjl L8 Byuhs d8T Lo Cydia pomonella zlaul dic
s9ailly Ll @il duly> caad ¢ ylill (53] 8 dclazll G Ubpell i ] dlgall duidl
(F NJgazl) plasll dssl dalizeall doghbylg 8)lyml g ) dogliall duicg sl
3liall GVl dobue L8 @Uldl 03 Gulal Ll disll liis sxe 3l 4blke Julxiy @8
(1JSl) Yo X 8,2y 833mall gbliall 6 S il sleaVl duslis dull
Table 1. 100% mortality of codling moth pupae is observed in the case of the following
combinations of temperature and humidity.
8=l dzys o AUl wladgill dl> 5 gihsle @f pladl die wlhdg Jaze 21+ 1 Jgazl|

g llg
+37 +36 +28 +15 4 +10 Te[nperafure, C
8=l d=)>
it o
100 55 15 40 80 100 Humidity,
dygb)ll

Table 2 The lowest mortality of codling moth pupae (less than 10%) is observed in

these combinations of temperature and humidity
i3> o Wicgozall 0 L8 Lgikaslo pi (71 o JBI) el die) wldg Jamo sl ¥ Jgazl

dyghyllg &)l
Temperature, C
+30 +22 +26 +27 +22 +20
Humidity, %
80 70 55 55 95 85
dygb,
105

in X O d & NEPL Lol Ver i

@mawhiba | mawhiba.sa r-1€-P0 1 Slo dudgzudl duyedl dSlowll



::::._'_.:::: d_2g 0 (/
: N Mawhiba (SCI5%
S eyl Ul aglig | 5 et e &
. = pul il El g i gl allsy
o)l duvgall Minitey o Education. | ezt
NATIONAL GIFTED OLYMPIAD
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80
*®
g
5 60
E /
=
T 40
Y
20
0
0 ‘ 10 15 20 25 30 35 40
Temperature, °C

Using this information, which of the following options is correct?

s dJUl wllell o 6l (wlbbdly wlogleall plasiwl
Viability of codling moth pupae is low ;
in zone X
Zone Y corresponds to the range of 18
B - 25 °C air temperature, and 70 - 90%
humidity
The mortality rate of codling moth
pupae is high in area Y
20 - 30 °C is optimal for survival of
D | moth pupae if the air humidity is lower
than 40%

.X .o..l . II

iz 18 —25% Gl Jios Y dihioll
.dogb, 70-90% g slggll ,)l,>

u9 &y pladl dic (@il wlbdg Ja=o

Lo sl slid lio 8)ly> d>)> 20 — 30°¢
40% cpo JBI slogll dugb, colS 13)]

3- Three-toed sloths Bradypus sp., found in South and Central America, are sluggish
animals that spend their entire lives in the foliage of trees (Figure 1), descending to
the ground only once a week to defecate Cryptoses choloepi moths live in the fur of
sloths (a) and this defends them from the attacks of insectivorous birds. In addition,
they move with sloths and lay their eggs on the feces of sloths. The larvae that hatch
from the eggs feed on the feces. Adult moths (b) climb up on sloths again. In addition
to moths, algae of the genus Trichophyllus(c) grow in the fur of sloths , which when in
large quantities, serve as food for sloths. The algae turn the sloth fur color to greenish,
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making the sloth inconspicuous to enemies, when in the foliage. Ascomycota fungi

also grow in the fur of sloths, decomposing dead moth bodies, and producing nutrition

for the algae.
daby Wllga> o ¢ Ghwglly dugizl S, ol Us 859>90ll « Bradypus sp.&;baill M oMl
gorll 8 hisd 83519 8r0 &Yl Lle J3sg(Figure « 1) yzuidl @l 8 leloSh il ass
sobll Blaza (1o pgaocny Iy WSl 89,8 G L disll 8pino il po Woslinol &)
63255 .Ml e b gudie oMunSl go Wy Lgild « b ] d8LAYL .ol piul) dISYI
el J] d3LaY 5,31 8p0 GManSUl @luiy @I sl jldl Gle pasdl o pumids Gl Bl

iz oo lxbll b
¢ oSl 9)8 8 gaisTrichophyllus(c)
dosi « 85 WSy eSS ledie il
99 vy lxhll Joi . pMunsl sldss
dez oo« pasVl ool G oMl
O WS loie « slacll jolbs pué sl
Ascomycota wlh,hd gois .yl @yl
o Gl 6982 Lo ¢ ManSUl 9,8 (B L
ddell plily ¢ dinell =)l el

bl
Using this information, Which of the following options is correct?
Sz 4l whladl ¢l wloglzall 0o plaxiuwl,
A The interaction between the sloth sl o> sl M)l yay B
and moths is mutualism. Tt F
moths and fungi, living in sloth fur, ) L L
B  have a commensal relationship with Ll OHusll el o0 o.li)bdlg, el
the sloth Ol go Lloles aSMle 8
c Algae, living on sloth fur, and sloths | ¢, le s il « dl=hlly o Uasd]
are amensal. 83gaio pé dilac ddMe o « sl
Algae and fungi, living in the fur of L, .
D sloths, have a Competitive 9% Um Udl « whybilly bl
o o5 d8le ¢ o Mawsll
relationship with each other.
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4- An ecologist Found a small water body on an isolated island and observed the various

organisms present in it. He classified the organisms based on different trophic levels as

shown in the table:

o lgd 8392 gall dalisll dyall G bodg dgjno 8yj & Bt Bl Blawo diy plle 324

:J9aal § pudge 99 LS dalisue dilice wlgime Je gl &l OIS

Trophic level Name of Trophic level | Organisms found
JlasJl sgiamall Jlasl sgimall puwl 6392>90J1 OLSWI

Phytoplankton

Level 3

Level 1 Producers Wiliio .
dils @llge
Primary consumers Zooplankton
Level 2 L .
dlgl wislgiue dilgr> @llge
Small

Secondary consumers | planktivorous fish

dgi U wlllgimo dlsT 6 usall lowl

pe=ll

For studying the interactions between the organisms, the ecologist introduced a

population of a carnivorous fish (which feed only on other small fish) in the waterbody.

Which of the following statements is correct regarding the long-term consequence of

this introduction?

i) pgmlll &ST WlawVl ¢ro degamo digdl plle pad « dyml WUSSUI ¢y eMelal duwlyl

Sl pausdl L8 (6,5 V1 8 pusall Ulowl Lle hid gisss
Tdoabioll 03g) all dlygb 5L @iy lad zasuo dILI Wbl o @l

There will be an increase in the biomass

dugaml Al L9 8505 Sl (oS

of herbivores

A
of autotrophs dodsadl dld wlssW
. . . alisdl 8 yolasul Wl (oS
5 There will be a decrease in the biomass . _:jluo : Js) b |
of both autotrophs and herbivores i C oo no
wlieVl WSl wblgaadlg
c There will be an increase in the biomass dugusdl dlssUl (J8 8oL Wl (HgSauw

LVl WAS| @blgasl

There will be a decrease in the biomass
D of herbivores and an increase in the
biomass of autotrophs

alssUl 8 polassl Wl (HgSuw
83059 wlineVl US| wllguml) dygasl
-ydsill 4513 dagazl dlisl 9
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5- The following ecological pyramids represent the number of organisms involved in

feeding relationships:
sl oBMe L8 &S, Linall dasdl LSSl sae &I duiad! clolall i

1

H

Figure 2
2 Jsa

Figure 1
1 Jsah

Pyramids of numbers in balanced ecosystems
A3 gial) Lt Gl B ey ol ai

Choose the LETTER (A, B, C or D) which is most likely to represent the organisms in
each of the figures.
JSGYI o JS 8 damdl S ey f 220l (po 31 (A, B, Cor D) Gyl 55l

Figure 1 Figure 2
| JSal P Ul
A grass — locust — snake — frog grass — locust — frog
iae = ol — el — i85 iae — dh> — g8
. tree — ant — spider — lizard tree — bird — parasites
By — Joi > gsSie — duloxas 8y — yub — labiab
. grass — locust — frog — snake phytoplankton — zooplankton — fishes
s = Sy = gakd — ol a0l Gllgs — dulgu> @llge — Jlowd
D snake — frog — locust — grass tree — ant — spider
Ol — £3816 — sl — Cudae 82 — Jo — g

6-The following statements describe the alarm calls made by animals: Indicate
which of the following statements are true using the letter T or false using the letter

F
douswo dadUll wlh)lell ¢l o9 ¢ Ollgusdl ol I IVl Wlgol wuali dJull wl)bsl
F =l ElaZiwl dibls g T &=l ElaZiwl
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1- Alarm calls put the caller at increased risk of predation by drawing attention to its
location.
2- Animals that use alarm calls their genes benefit by allowing others in the group to
survive
3- Animals that use alarm calls usually live in colonies with large fFamily groups
4- Alarm calls may be Favored by kin selection.
adg0 Jl oliidl cud) JMS o ulis3l oo il yhos) igall jauoy SMHIA33 wlgol yoy=i -|
cledb degozuall @ 23U 2lowdl JY5 oo lgilius b jl 353 olg.oT 33iud GJI Wllgamll -F
8Ll a8 e
OyS dalile Wlegozwo gy Wlosiuo § 83le Hl 3531 Wlgiol e Gl OUlgaall Gines -
B s G4 oo )18l Olgiol Juads e 38 -

7- In ecosystems, rate of energy flow and nutrient cycling can determine ecosystem

productivity and biodiversity. Which of the following organisms is considered to be

effective in both processes

goilly Gl Ul duxbis] whisall 8,939 dBlall G825 Jaso a2 ol Sy il bl ;8
" oialosll IS 3 Vles yiey &I &l GBS go ol .o2elgm

A Mushroom 09 yxixoll
B Camel o=l
C Date palm grest]
D Insects Ol

8- the following examples describes a behavioral pattern of animals. Put the

appropriate number 1 or 2 under the letter of each behavior pattern.

(oS s JS By i 2 g 1 canbiadl @8l gus . bilgaml) dxSolw Ublosl dllil dlioVl coas
A) The canary bird sings because the high concentration of testosterone pushes it to
do so

B) A male sheep fights with another male because it helps to improve its social
position.

C) A male robin attacks a red tennis ball because it confuses it with an encroaching
male who will steal his territory..
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D) A cat tries to scratch someone who is trying to hold it because the nerve center
stimulates the voluntary muscles that move the fingers so that it causes them to
scratch..

E) A cat kills a mouse to obtain nutrition

A asby g il pgey 5,5 L)l Y ) USUI jeauac 5y (A
Jdclozl 83Luw le acbuy wl (5T ESS g5l S5 Jila, (B
)l @yt Hoawiio 5S35 (9 g sy @) clpas uis 8)S () yoduac ,S3 e2lgs (C
Wy Gl &byl elbasll agy guasll 5Spell oY lghas ol pakis Gias ol ks (D
" " B3 lglen sy glbol
&3l Gle Jpaml) 16 Juss dhs (E

1- proximate causation —u,é/l cuunal/

2- ultimate causation Jlgil cuunall

9- Suppose that mercury (Hg) is present as a pollutant in an aquatic lake and the
following food chain is found:

839290 dJll 45132l dbubwdl (g diilo 8y B olaS 39290 (HY) @il ol Loyia
Phytoplankton — zooplankton —» small fish (speéies X) — larger fish (species Y) —
largest fish (species Z) - Aquatic Bird.

Ylownl Y) = g9l (8,18 lowwl X) = ggill (8)as20 Wlowl — duilga> @llge = &ils @llge
dgyxll youhall Z) = gl (55|
Your friend wants to purchase one kg of fresh fish and requests your advice about the
least toxic one, which species you will recommend to your friend?
o Lo« duonn JBYI glin elizuas clbyg d2jlall lowVl (o 32lg elyeosS sl elisno 3
" Slgs iy huo ogin il lgil

A B C D

All have similar
toxicity

d=)> pudi pgeses
dround|

Species Y(ggill) Species Z(ggdl) Species X(ggdl)
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10- During a field trip, an instructor touched a moth resting on a tree trunk. The moth
raised its forewings to reveal large eyespots on its hind wings. The instructor asked
why the moth lifted its wings. One student answered that sensory receptors had fired
and triggered a neuronal reflex culminating in the contraction of certain muscles. A
second student responded that the behavior might frighten predators. Which

statement best describes these explanations?

droloVl Lol diall wasd) 8y 32 le g yiund @hd Gl Oyl B (dilae dlo) JUs
Ol gl &l cusd) 13l wyrall Jlw .dralsdl sl Lle 8)uS (oae g8y oo waisu
wlac Lalds L8 dig)d gl Lwas Jeb 3) L cuuig cudlbl dumsdl Wdiumall o Ml A
sia iy ol Jddl 9o Lo .duyidsell llguadl dixdy 38 Joluwdl of gl Wb 5 .diso

fwlpuuail
The first explanation is correct, but :

A oo pe Sl Zasuo JoVl sl
the second is incorrect. - HE G T Jo¥l
The first explanation refers to Sl L) )l ot

B | proximate causation, whereas the ‘ L"L‘U'QJ; i ‘I L’IJ d|9 L.JJ | Lw
second refers to ultimate causation. Pl Gl AU sy Lo
The first explanation is testable as a .

C | scientific hypothesis, whereas the eu.\s LJI 1"| g T
second is not ' L O 0= A«
Both explanations are reasonable

D  and simply represent a difference of OTRI U DR )

- 2l o LS
opinion. o
iVl &l>] zilao

1 B

2 C

3 B

4 C

5 C

6 T T T

7 A

5 A B C D E
1 2 2 1 2

9 C

10 B
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dsall .dSyinall LoVl dicudl wol)luall ol — (6o3ll puldsidl 2} sbisVl L (P-Y0) . pulsidl 8)ljg .)
ol Libgll jSyell .o VoPO - o 1EEV

2 E)l) -y ow oziow 9l (gunlo w0 .z (oY) (O LZ WgMmIgS (B . omdy) -V
Ol (dwlwll pglel) dazyiall drmolal CiSIl Al w dozys) sboVl ale (950
Sl @il 8)ljg «puiuil)

3. Campbell, N. A, Reece, J. B., Urry, L. A., Cain, M. L., Wasserman, S. A., Minorsky, P.

V., & Jackson, R. B. (2020). Biology (12th ed.). Pearson Education.
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Elementaty principles gl S Ws (1)
Significant Figures dginall VI

dygize pB)] plaziunly > @izg cationd 8 (il pas Iy Ayl aingai el GBI i @8I
0930l @8I 8 izall w3 BV Lo digizall pE,VI

Pl "yglall JSil 8" 8,SIUI dBlay b )LaeVl LisT 3]

WSy .CM 3 9 2 gy d8lbdl Yoy Zobio g898 il 8ol

o W35 35929 pasd 315 SJg « 2.5 cm il Lle (ol Jusews

| | 0o el e Sl @8I )28 Ll Byluall 030 e 3 cm g2
-5 @81 (po (paSlio Luwd WY« 2.5 ;8 2 @8l (po (paaslio Ll

pAc yisg 3550l yut @8 uladll @8I B Sl e8I ] )L

el dypiuall djiall 8 £ 1 Logae Guldall e8)) buiyell Gudll

2.5 &ly 8,SI3J1 d8lny Udse of Jois Loxic LA [ ENN BVERT]

T F A=all lgdye plg « 2.5 0.1 cm 9o lgusye o baud iss Lol « cm
I i «elsdl ’j“‘”teé"f‘é)dszz'““m ujld‘f‘i9i2:4?rn U“J"‘-'*‘-"
cm 1 2 3 4 w9l Yoyl Ggizy .(ggine ©8) 9o ISGal uf P8I S 8 Lay
OG0 a0l e « 2.5 Cm gog 8,S13I d8lal

Bl B ity wball 13 8 LUl @8l (o ASTII (o dyyiouledl wlsyaill @il 8yl LiSiotiuw
2.45 cM 2 Loyl Jumws LiSoy gLl 8359290l 8ybruwall plaziuwly 8,SI3I @8y ulid b 36 Ul
P AW e 2.45 CM gong Lulsdd] Goyell ggisy .aichd liSay 3l d8Ls] 1351y 1a8) )3a5 (gysl 6y0
.2.45£0.01 cm g0 oyl Gl iy 245 5 (o=l g5 digizo

dgizall pB)VI sclgd

1m0 338 B dygizall BVl sae Gl elgd (1)

ogiszo Ladl> 985 yauall pé (aed) i 859290l HlaVlg (1 - 9) dyysuall pe eB,VI (1)
M3l dygisze cuwd @551 HlaoVl (2)

81 S8 &y e dolle 3929 dll> 8 "hais" dygize BN eVl (yeSs (3)
dliol *

a. 809,231 b. 0.00456 c. 2300 d. 130.00
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2blly gazdl ©llac slyz] acld ()

JBYI dy il SVl 93 sael dypinall Jjladl sae puds Lle 593 oz d8lei] dilaYl LS @i

dliol *

o~

a. 420.03 + 299.270 + 99.068

/

b. 504.09 - 246.8 - 119.32

U (ol pine ollyo) @8> J8UI g o081 13

da9> L}éﬁll

dL>VI 818.37

138.0

JBYI dygizall o8,V 95 sa2l) dygizall o8I sac Lués Lle goimd s dbledl LYl LS o

pd

dliol *

a. (2400)(3.45)(16.21)

v

b. 0.9935 x 10.48 x 13.4
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1.4 x2.639 +117.25

wpall : GoVl bl
(1.4x2.639)+117.25 (1.4x2.639)+117.25

( 3.6946 ) +117.25 (3.7) +117.25
e 655 ol oSy 52l 1o Glo] 9l wops dulasll GY ks ’

s V S) dio ¢pgxiv p8 ( 3.7 ) hidd yugise U.LAQ) Sy oS A3 iy [Sae au i @
A il 3.6946 xic aSyi

gozl : &bl sghsl
3.6946 + 117.25 = 120.9446 = 120.9

oo

1 2 dy il 3Ll

Scientific notation wolsdl (gl

0=29)3el] paie o 19 8 (JUodl Jow e 132 Bpusuo of 132 8,08 ) go WLe (oibuansSUl Jolsiy
Oa9)3u 8)5 JS dliS &l .umgydue 8,5 602,200,000,000,000,000,000,000 (ro wyis o Az
OIS5) Jgadl o9 e8I 03 2o Joleill wusuall (o .aéd 0.00000000000000000000000166 g
13z 8209 132> 8,0 slach go Joleill die (Jlillg dplual wllasll S8 lgolasiwl i slasll
t dgpall plasiuwl lgie puaill oSey Bl e pe Bl yasy wgodsdl g9l oy LA a5

N. 10"

Scientific Notation

500 — 5 x 107

Scientific Notation

7,700,000,000 — 7.7 x 10°

Scientific Notation

0.0000000086 — 8.6 x 10®

Scientific Notation
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Rounding Off sl

i) dagizoll eI (o cawliall sa2ll Lle (g s dolgll oYl i )94l (o weSs 83l

0U>T pudgall sl @il (b,

) o all 4G giaal) 2B Y e o sllaall daad) 2aa

(el 8 (e ) (5 sinn 5 AT ams 0 o0 ) b

<5 e JB1 A8, 128 S 1)
Ald Y 43S Lalin g
s sixall a8 )l ‘qa..aﬁa}_;}d\

oYl
4
5.6 =5.6201

& siall 280 S 13
8ol o3 (o Lady ,aY)
Dliay 5 Y (s gixall &8 )

JA‘}

}
5.8 =5.7501
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5.6501

sl a8l S 13)
SR BYERY
(5 small 811 5
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Ly iay il silaadla)
(G0
1l
v
5.6 =5.6501

O ST a8 0 138 S 13
ald Y 43S Lalins) isd o5
iy oAl a2y 30 g sall
80830 g (5 e
g ke HAY) 5 sixal)

4
5.7 =5.6801

1-) dla) U8 i aini 13
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5.7 =5.6541
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Fundamental and derived units of measurement
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oobil dsiduallg duwlwll wlasgll

pWs 9o International System of Units (SI) wla=>gll Jgall 9l el el
el B Bl 2oVl Gubdll wlasg

dawlwll Luball wlasg e dliol *

gl dawlidll 3ag)l

m meter Jobll
kg kilogram ausll
s second ool
kelvin 8)ly=dl d=>)>
A ampere LSl Ll
mol mole 85loJl duos
cd candela 8sLoYI 82

o ey, :..o” L)”l.'.*'aJI 0'»9 Ulc w" 5 i*

gl dawliall 3agll

m? square meter d>luoll
m3 cubic meter eS|
kg/m?3 kilogram per cubic meter astisJl
N = kg.m/s? newton 8gall
J=N.m joule aslJl
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Prefixes Used in the Sl System 9Nl wlasgll el (9 doadiumall WLSLII

exa E 1,000,000,000,000,000,000 1018
peta P 1,000,000,000,000,000 1015
tera T 1,000,000,000,000 1012
giga G 1,000,000,000 10°
mega M 1,000,000 106
kilo k 1,000 103
hecto h 100 102
deka da 10 101
— — 1 100
deci d 0.1 101
centi C 0.01 102
milli m 0.001 103
micro n 0.000001 10-6
nano n 0.000000001 10—°
pico p 0.000000000001 10-12
femto f 0.000000000000001 10715
atto a 0.000000000000000001 10718

G2V ol ek LEguis SVl wolisWI

1L=1(dm)3= (10 cm)® = 1000 cm?
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K=°C+273.15
Fahrenheit Celsius Kelvin
Boiling (@ ©) 0)
420 point
sl (e of water 7 212°F ————— ] 100°C ——— 1{ 373.15K
. 180 100
_*2" Fahrenheit Celsius 100
el degrees— degrees— kelvins—
40
Saaida 3 Fr?czing 450 s
[ point L L .
of water - NF————H4 0°C————— 14 273.15K
+ —40°F ———— 4 40°C ——— 4 233.15K

Bl £
: dliol *

.M3 83>9 S 2.3 cm? Jg=> :1-1 Jlio

23cmi=23(cm)®=23(102m)®=23x10"%m?

.57 8359 JI 5000 ps~! Y3 :1-2 Jbio

5000 ps' = 5000 (us)™" = 5000 (106 s)" = 5 x 10 s°"

km/h 8.\99 L':J! LQJQD <330 m/s L59L”‘” L'_'Jgaa“ a.c).w :1-3 db.n

330m/s = 330 m x 1Tkm x 3600s = 1188km/h
S 1000 m Th
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toh oo Gulid JS L9 digimall pBI sac 33>

1) 2804 m 2) 2.84km 3) 5.029m

4) 0.003068 m 5) 4.6x10°m 6) 4.06x10°m

1-2

~
-

dhgino o)l day)l ] &l pB)VI Cuoyity 08

3.682417 21.860051 375.6523 112.511 45.4673

1-3

:g) &30l Lalell (gl &5Vl slacll e yic

~
-

1) 123,876.3

—~
—
1
H
~

dagizoll pBYI ¢po ausuall sasll dxiill e yieg bl dulwad] duasll szl o

(1.00866 - 1.00728)

6.02205 x 10%
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Wly,adl wblz]
(1-1)
1) 2804 m 2) 2.84km 3) 5.029m
welbee 3 SRR S
4) 0.003068 m 5 4.6x10°m 6) 4.06x10°m
welbee 2 SRR OO
(1-2)
3.682417 21.860051 375.6523 112.511 45.4673
3.682 21.86 375.7 112.5 45.47
(1-3)
1) 123,876.3
1.238763 x 10°
2) 0.000000000000211
2.11 x 10713
(1-4)
(1.00866 - 1.00728)
= 2.29x10%
6.02205 x 10%
(1-5)
1Mg=10%g, 1Tcm®= (10 mm)® = 10> mm?
136g/cm® =136 g x 1Mg x 1em® = 13.6 x 10°° Mg/mm?
em’ 10% g 10° mm?
11
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U2 GHEMICANREACTIONS [ty BeatSU RIS Lol R=2

832 dlge I (dleliall slgall) &dgll slgall o degammo g2 Loud @i dalac 9 LiluossIl Jelal
4ol slgall e dsljually dibuanstl guastas 6 LIS waliss (psledl)

dleliiall slgall Wligja G 8392g0)l dxibouSIl bulgJl yuS iy olinall @lyis! sie Jbol Juww led
ol gg5 ol Lo pgall dzilll slgall loje JuSuise wl)l sy 83leY 83322 dbluosS blg) ¢2oSig
&0 lgbli)l diyyb 9 pusiy o oS ((Ua29) 3 LS a9y 3ue)] 8)39 (92)S LS VelSIl 8)38) jusziy V

@0 — W o

Signs of a Chemical Reaction: tbausll Jeladl eogas J5V>

(Al oyl gl Yulgadly 839:050) dacgs J5U5 (1
wolll p2i (a
ol Jojz djisall Slgall Yoy 2o Egawligll Wlixioy Jolxo blS dic :Jlo =
sgall olaiol BB ] (638 Dliyjzdl/ LoVl CuS)s B jusds tpansill @
Aol QW] gl 83922 d=dly oS5 (b
(H2S) Loles VIl o Wiy Sl pasy Jelds (e doslll wag sl dsdly i Jbo
Bjaan dsily @ld 8)lib WlbSye ol wijle gl :puuaill
(e =) 5l pess (e
&3 .COz Sy pae> 2o pordgall WlgySw bls sic yhgd wga> :Jlo ™
sbaw 8)Se Sy eus> Ca(0H); jual slo B jlall ypety dic @iSUl Sy
.CO; 5929 e Ju>
Whl culys 8sle] e dxdib dyjle wloje KIS yumdsll

(i duduo 85ko) wawl) oS5 (d
woawly Ghsy V pgadgiall 3y)9lS Jol=o go pgudgall WlinyS Jelxo zje il ®
{(BaS04) Yol wuwly b pgs) Wl Wit go pgadgall wlippS zie S
duadsio dbgd 93 1> WSpo oI yuumaill
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AAAAA

4368 2uuST wllelas of @liol 1)l of coid lesl :Jlio
48l yolaiol of dBlb Glay 53332 bulg) (32955 — bulg)ll &8l (B juss :puamiil]
Joylg) yuS)

45U,eS)l duogall B s (f
Jwogs uaii of 35 wlgd 0855 W 638 Jelds of 832 of pao> &3] :Jlio
sbeSU Joloxoll
iy Joloall B WligaVl sac tponsill @

.dweS J5V> (2
IS sl pulid (a
(Al e (y93l8) yuszis V ddloxl AssUl GS §leo Jelas 5
woliaiiel e a5 28 dlis 850 4le oy e Jag dliS pladd rd>gido ylxi 6
(B30T Jelis 3 slagll (po cruzST paiay pase :Jlo) jlé
Jeladl 8yl elwld (b
g 254 Lo 83y datianll of dalliall 8=l Gulid Sy yemall plascuwl
AeoyanS o baslg Jl (09Ss asipe @Ml B Jo=xs
Sl eluld (e
ol Gashll Juzill plaziwl )3 85lo p3Sig 83lo Sy olassl g
WJelis o> e lisd Wil pidy dsilygS)l dbogall Gulid of Ldlyzgilag,Sll
Jelal depwg dzslll 850l duoS (pumg

Gas formation Energy change
S O:\_,gi ABU=Jl s

Chemical _, .,
' rei?ctlon v
indicators

OolIl aas el (2955
Color change Precipitate formation

dilaonsdl wllelail) dlioVl Gas) :2-1 JSuill
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Representing chemical reactions
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dpalle @2 gl a8baas)l wMelall Jubioi) ddled yiSUlg duwlwll 815V d5bausl wisleoll as

delail s Gzl sgiunall Gle @iz Lo wang) (guiluosSIl lpoaiiug 8paiizog

il Jelasdl Yol (o Sguaioll

gually poliall joo) plaziml Jelarl bl Wiz Lol (gho) chuog LS 9o ilouSIl Jelal Jukos

SlolsIb Jelaill 4US o Yy pguullg &bl

dxlousS)l ddleall dawlwl] wligSoll

pedl go puVl Coladl e asS  Jelall Tas il ddoVl slgall o9 Reactants wilelasoll (1
(Yl Gasy S Slglwall dolle jluy e of)

pedl o pa¥l coladl Gle isS . Jelaill e guiss Ul 83922l slgoll o9 Products gilgidl (2
(VI Gasy 8 Blgluall dolle oy e o)

i) Jelas" of "l el g «@iloll | wllelaiall o (—) pgund] il Arrow pgudl (3

WYsleall L8 eAsiuws jgo)

Jball

izl

3ol

AUl slgall gi/g dlelatioll

A+B—C @ileilly wMelasoll g oty -Ghsd o aii —
olxl 8y GuSe e Jeldi ) g
..\.‘>|9

A+B=C+D Sl ey Jeladl ol Gl i .weSe Jelas =
ol ol 8 wamyg ll Al
owSally

Hz + 02 slgall G Juasy , I @8LoYL of ge Jeliy +

NaCl(s)

bl Al I iy

(s)

H20())

bl sl ) i

(1

CO2(a)

gl Aol ) g

(9)

HCl(aq)

‘Plell Jokxall ]yt

(aq)

CaCO; —25 Ca0 + CO,

Al Jeladl ol ] i gl Go3 21093

&)Ll o A

200 atm

N2 + 3H2 e P 2NH3

by Jeill o ) o ol G58 oo

. Nu 9T| . .”

Pt
C2H4 + H2 T CzHG

> Jole plasdiuwl ] iy - agaull G99 gudel
a8 cllgiond of 9> Jelaw! gy

slasdl Jolsl
Pt Jio

AgCl|

0SS5 Al iy ddliesSl douall a2y Rido)
20lgdl L8 (uld jué dudio 83lo gg ol

(Gl

CO.1

sebas ] iy -alaonSl dnall A=y @b9)
2lgdl B 5l
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Word chemical equations daballl &5bueastl Vs el

ShaasSUl Jelaidl o dxslll slgally dlelaial Sloall puog SlalSIl Sy puss Lo dxhaalll dslsoll
A5l 2o 9l joo) plagiuwl (9>

(Mdelasall + (2) Jelaiall— (1)zstll + (2)zstl
11 Jbo
(09SIl 3unsST g sloll gl sVl go oliell Jelasy

Ol + guzaST — esSUl awsT S + slo

(2-1) wyyxs
0229yl Jwogy e Zikd (u29) )l 2o oyl e Jela duballl dlslzoll CiS!
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slall )lgg (Elouaall 5Ll) joyadl xSt 005 8l ogrgoll Wi Jlail duaalll dslzall wus]

Symbolic chemical equations a0yl dxiluoustl wYsleall

03 A% &SIl wMelaill Jbou) duale yiSUlg @Y1 dsyyhll o dyiopl duiluanSIl wUslzall
ol Gle Gazy Lo )lgbY (wllolsall) oms lhd LSS )iy wlSylly poliall guog joo) wislsall
Vg oo Ilacl 83le wllolzoll (9Sig dzsll of dlelaiall 83La)l Jud Sy s3I 2zl 9o :dolzall
wllelaiall o JS wlhoS) doums dnae duws ol @llolzall uaig Jaslg dondll wolS 13] (iSs

lgillg

Balancing chemical equations ax5buous)l wisleall (9

wllelaiall) dslzall b 8 Goluie paic JS o whill sae Yoo Gz dibwas)l wYsleall bjg
JSus (po Joi Jo endxionds Vg i3 Y dlisUl of Gle pan @3 dis)l i ogild @éx Gio (goleily
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d5jlg0)l drosi
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(25lodly wMelaall) dslzall Lo)b
WO 3=l o Wi Vg ids V AliSIl ol le payy I @Alis)l has (gild Gabos :dagll
(eIl Jelal|
0o s 3 OV dguall b dlawdl BV s jozg Vg hid wlloleall s oy :ddsybll e
Bolall dygo
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Steps for balancing chemical equations

w¥alall §)g ol glass
Jtie WY O glad
Hyg +  Chy = HCg igisn il AdluasS Wslas )
11y Oelitell L ilasdt pmalt O 48U
o + ‘\ ‘ - ’:) 1t e SMe Litel) Juad g ¥ (g Ao 1
Z.IcLZ...Ju|,_.J|o_.Js;,._.._.J..a.&s(+)3)L.:[3
CrrgpralGp 288Gy Crongyiaaays A‘”U QQ&HI&YN‘AH” ‘Nu‘”““"
. AL 31 gadlg Ao Litalt
H, + Cl; — DN B pelall Sl Je
ojuasnl  yKsp2 DS B3y (e poes L3 Je s
HCl LI R elali Sl S 3
(,g.},)..\._l.béyl + J,ISE):I .)5155)59;,-:#3)-&-&5)3?5
agpuaap 2 aSep2  esap2+ onagpuasp . . .
32 puaie JS Oyl e Jasul Sdlalaall ys
I) o) 1 1ol i ¥ 3 AT Ll (o o B At 1
0 i ‘ | — ~ LS Y cadalae (030 AsileasSH Akl (yaid
) .5;\43‘&’5)-_-33
rgyuaisp 2 sip 2 rgpimipnl
esap2
I 1 mL&ﬂMMlQ_&MﬁMlu&SI
Hy(g) + Clyg — 2HCl g Al XS g syl oA 393
1H,:1Cly:2HCI s kol pa 2HCL.1Clp 1Hy 211) 5
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1) CoH409 + ......... 07 — e, COs + ......... H-0
2) . MN(NO2)2 + ......... BeCl, — ......... Be(NO2); + ......... MnCl,
3) . AgBr + ......... GaP0s — ......... AgsPOy + ......... GaBrs
4) .. HoSO04 + coveo.... B(OH)3 —> w........ B2(S04)3 + e H,0
5) v NaNOs + ......... PbO —> ........ Pb(NO3); + covve.... Na,0
6) o Cag(PO4)s + e HyS04 — oo, CaS04 + vovveenn. HsPO4
7) . NP HyS04 — voveene.. Alp(SOa)s + vevenee.. Ha
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Mg + 2HCI — MgCl; + H;
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19 Jlwo
Cly + 2NaBr — 2NaCl + Br,
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1) | Mg + ZnClyag) —

2) | Fag) + 2HCl(aq) —

3) | Als) + AlCl3(aq) —

4) | Fe() + NagPOugaq) —

5) 2Al) + 3Pb(N03)2(aq) -

(O GaSpo 9SH GaSpe o WligaVl oL rzgsjell JUSVI wlelss (5
i slsall dolall 8yl

AX + BY — AY + BX
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2Na (ag) t CUCIZ(aq) — 2NaC|(aq) + Cu (s)
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sulfur trioxide + water — Sulfuric acid
oot Il 3zl 30,915 — pgamicloll 3)9lS + 3>
Magnesium + Iron III Chloride — Magnesium Chloride + Iron
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Reactions in aqueous solutions dsilall Jdlall ;8 wllelail]
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Dissolution of Molecular Compounds in Aqueous Solutions
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Sugar (sucrose): O (9 Sadl) ySadl
2
C12H22011(sy —  C12H22011(ag)
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HCl(g) + H20(y — H30*(aq) + Cl (aq)
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Dissolution of lonic Compounds in Aqueous Solutions
G290 wligll L] @SS Gob e (Gl Jolkxall Jio) dubill Jullxall (8 dsgaVl wlSpall gl
sladl g ol 99y losie (Hydration) daloYl of ¢Lg Ml pawl duasll 6io &)<l .45l 8)> dulluwg
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Describing reactions with ionic equations: 18192V WYsleall wilelall Gauog

danily dols @d> ST Sy dslall Jollxell (b wllelanll Chiog) &g Ul wlleell paiud
gl g AU

Slgsl JSuiv Lle sladl 8 doldell digall wlig StV gaox gkl :(dusUl) dlolSIl duigaVI dsleall (1
oo disuay (Cusadl eadgsSIVI o) 5l gl sladl gl CawlJl CiSS Lody «d@SSiiio
113 Jlwo

AgNO3(aq) + NaClag) — AgCl(s) + NaNO3(aq)
:JUIS Jelail 13g) dlolSl duguVl dsleall &S
AQ*(aq) + NO3"(aq) + Na*(aq) + Cl"(aq) — AgCl(s) + Na*(aq) + NO3™(aq)

25 Gl SUg VI g cdzpiiall wlgUl Wiz lgale Jgaml iy :(dlgall) dudlall dugiVl dlsleoll (2
Flossll Jeladl ;8 Lled &)l Vg piilgilly wilelaiall il 8y 0gd
114 Jbwo

Ag(aq) + NO3 (ag) + N@*(aq) + Cl'(aq) = AgCl(s) + Na*(ag) + NO3(aq)
:doy i)l WbVl Wi Jelail 13g) didlall gVl dsleoll &,LiSI

Ag’ (@) +)'63'(aq) ¥ %*(aq) + Cl'ag) = AgCles) + N;/(aq> ¥ %'(am

1l doill

Ag"(aq) + Cl"@g) = AgCles)
leale Ty Ol 09> (RSleilly wllelaioll) &gVl Aslzall L8)b B 839290 wligl Lo 1d2ydiall wlg VI
8505all of &blouSl Ll L8 juss (sl

Types of reactions in aqueous solutions: :dslall Julall 5 wMelail glgsl
zilgidl Aot (pagSa) Joloall (o ligaVl Gams tasw @5 13] hid MaiSo juisdy 95l JUYI Jelds wazy
:aJull

(il OMelds) Cuwly eSS (1

oe Jadiy (ddio 83k0) oI5 e Lol USyo LgSd ludly wazgall HoaVl axity gy SVl ggill 9o

(I Goloeidl S 30 Canips daes 2-8 JSb (ke -Jolall
115 Jlwo

2NaOH(aq) + CuCly(aq) — 2NaCl(aq) + Cu(OH)5(s)
:dlo Sl dxigaVl dlsleoll
2Na*(aq) + 20H (aq) + CU?* (aq) + 2Cl(aq) — 2Na*(ag) + 2Cl"(aq) + Cu(OH)4(s)
:d,8Lall dugaVl dlsleoll

Pta’(aq) + 20H (aq) + CU (aq) + Y2 aq) — P (eq) + 22 (aq) + CU(OH) g

ZOH'(aq) + CU2+(aq) — CU(OH)Z(S)
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CuCly(ag)
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Cu(OH),(s)

A galaill 391 Joloe

NaOH(aq) P ol sy sy 4 pg2igal spS s

Cu**(ag)

1,90 sligal
CI(aq)

L3 payall gl
Na'(aq)

NaCl(aq)
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:dlolSUI duigVI dlsleoll
H(aq) + BI(ag) + Na*(aq) + OH (aq) — Na*(aq) + Br(aq) + H20)

:d,8Lall dugaVl

H* (aq) +ﬁf (aq) + M (aq) + OH (ag) — N}’(aq) +/5'f “(aq) + H20()
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NaHCO3(aq) + HCl(aq) — NaCl(ag) + H20¢y + CO2(g)
rodidoyo Gle Jelail ety
NaHCO3(aq) + HCl(aq) — NaCl(ag) + H2CO3(g)
1. H2C03¢) — H20() + COyg)

NaHCO3(aq) + HCl(ag) +Jﬂ{CO3(g) — H;ng(g) + NaCl(ag) + H20(y + CO2(g)
:dlolSJl dxigaVl dlslseoll

Na*(ag) + HCO3™(ag) + H'(aq) + Cl"(aq) = Na"(ag) + Cl™(aq) + H20() + COxg)
:d,8Lall dugaVl dlsleoll

/| Na'g) + HCO5™(aq) + H'(ag) $€1(ac) — We(aq) + ClG) + HaOpy + COx(q)

HCO3 (aq) + H"(aq) = H20() + CO2(q)
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2KClO3s) — 2KCls) + 30y

:(2-1) '.,.\3).\3

:(2-2) '.,.\3).\3

:(2-3) '.,.\3).\3

:(2-4) '.,.\3).\3

o SJl ©lgy)S + lyyglSg)yaugll yaos — egullSUl 41,0)S + slo + CO,
CaCOj; + 2HCIl — CaCl, + Hy0 + CO,

rog:{u.utiggﬂ Wg)w + éh.u).aS“ UD.A.‘> — p%.wtigg.” l_)LJ.J).xS +clo

2KOH + H2S04 — K3S04 + 2H,0

11y auaill @l pS + pemwliol] Slawgd — 1 yxaill liwed + pgmmbiol] Bl yS

38[1804 + 2K3PO4 — Sng(PO4)2 + 3K2804

biall psiagll + ko159, rg)l Gdes — posiagUl 3)0lS + (uzeaeell S

2Al + 6HCI — 2AICl3 + 3H2

1)
2)
3)
4)
5)
6)
7)

C2H407 + 20, — 2C0O; + 2H50

Mn(NO,), + BeCl, — Be(NO,), + MnCl,
3AgBr + GaPO4 — AgsPO4 + GaBrs
3H3S04 + 2B(0H)3 — By(S04)3 + 6H,0
2NaNO3 + PbO — Pb(NO3); + Na,0
Caz(P0O4); + 3H2S04 — 3CaS04 + 2H3PO,
2Al + 3H,S04 — Aly(S04)3 + 3H,

:(2-5) '.,.\3).\3

:(2-6) '.,.\3).\3

1)

Mg(s) + ZNClaag) — MgClaag) + Zn(s)

2)

Fa) + 2HC|(aq) — C|2(g) + 2HF (aq)

3)

A|(3) + A|C|3(aq) — NR

4)

5)

2A|(S) + 3Pb(N03)2(aq) — 3Pb(s) + 2A|(N03)3(aq)
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eMelaill go Jolaill die dols @8y 83lall &S 3z ] shoaSIl S8 8sloll uld alluao puiy
Vg y2uall L8 dolise wliyjally whil gy .aslgilly wlleliioll (o 83320 L b il dydlua,S)]
G "8l duaS" J duwlinl Lulid 83295 (Mole) Jgoll guiluansUl saiel 388 (5,8 JSuiy Woie Sy

(S1) wlazgll Lol plail
W (E8lauSUl dzpall wlazg gl «ligiVl wulipjadl «oly M) lopuzll Al duuldll sa>9)l 9o :Jgall

sleausSUl
JUoll Ologull
(13S g Fe, Cu, Ag) polisll wl)> ol
(13829 H20, CO2) wliSyall uliyjzg (1389 Oz, Fa, Py) yolisll wiliy; Wyl
OH",) whil 8xye WligyVlg (13Sg CI, Crz*) whill dploVl wlgyVl wlglVI
(139 NH,*
(Al,05 « NaCl) 9.Vl wlS,allg «(Si0,) dxSuid] daodluill wliSyoll | dxbiluousSIl dsuall wlasg

00 129 9 839290l Wlamuzl po awds sasll e ggins il 3Ll dueS aily Jaall Ll 8yl
.(Na) g;3l>981 sae Lawug culidl dasdl 13 . 12-()g2,SII julas
> 6.02x102 = (Na) 9)5l>g9i sae
Glowwdl daeg WYgall (s dSU=II
The relationship between moles and the number of particles
@l @BVl Cansy Wlauzdl 3aeg Vg0l oy Jug=ill 9,3l>981 sac plasiwl Sy
:duoL )l d8Mell

Slogll 3e

WVgall dac =

N
n=—
Na

95l>93l sae

:1 Jbo
$ pguioglVl o 8,5 5.75x10%* wVgo dac Lo
sl

N

= N
_ 5.75x102%
6.02x1023

n = 9.55 mol

:(3-1) <y
SouzusSUl @b o dae 1St Lo ggizy AUl whlal gl
a) 10.0 mol O3
b) 3.0 mol 0,
c) 16.0 mol O,
d) 16.0 mol H,0
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Mass and mole Joallg dlisll

laguzdl o 9)3lzedl sac e ggind dige A (6l @kl o 3>lg Jgo dliS Lo s>lgll Joall dliS
(M.,) dugall dlisil
(g/mol) yuaiell 3o &3 o a>lg Joo diS Lo paiell ddgall disll
dugoll disll

[ 83lall o Jgo A>lg dlis ]

(6.02 x 1023)

ST

Ololy2Jb ddgall LgiliS Soluws 3lo Sl o Jso 319

ddgall dlisIl Jios :3-1 JSui|
0SJg (5191 Jgazdl 8 83929all) paisll U duuuidl &)l AliSIl Gl paizl) dgell ALSII
(amu) &yl dsSUl 81> ¢po Vay g/Mol 81>,
12 Jbwo
:(02) uzwSW ddgoll dlisJI
0 : 2x16.00 g/mol = 32.00 g/mol
dgoll dlsl (M) = 32.00 g/mol
:(3-2) )y
a1y Jgo loyliicl (Say V dlill wlldl (o (o
a) 65.34gZn
b) 26.0 g Fe
c) 6.02x10% 5,5 Ag
d) 6.02x10% ;> O,
1405 )| d8M=ll

©Vgall d3c = ——

T ddgell dlisl

kS

:3 Jlwo
£3.75 Mol wVgo sac a) s3I Al pguioglil wilolyzdy dSIl s
m=nxM
m = 3.75mol x 27g/mol
m = 101.25¢g
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:(3-3) )i
§ CgHoNO; (gjzl) ddgoll dlisl Lo
a) 162 g/mol
b) 76 g/mol
c) 151 g/mol
d) 70 g/mol

“ e 3\::4!‘-;)3;;!\ X
aLsd (g/mo)
(g/mol)

LSy lomuzdl 3 ¢y d8MI

b w2l
X 6.02x10% -
Clazea /mol HW‘

= aliaja il i)
6.02x108 — (A Cilaa g J‘
Gilaswa /mol

ddgall LBl Hass :3-2 JSuil

4 Jbwo

SHg @591 (0 11.5¢g u9 whil sae b
JHJl

N = x 6.02x10%3
N = 15 x 6.02x10%

200.6

N = 3.45x10%2 5,5

:(3-4) wyyxs
¢ NaF pga39.:0l 43,918 o 2 MOl ;3 839250l gVl wVgo dac oS

a) 2mol

b) 0.5 mol

c) 4 mol

d) 1 mol
lSpall diluosstl diually Jsoll by Gill U=l

Relationships between the mole and the chemical formula of compounds

bl @aolio Gy wLSpel) dslestl dually Jgoll G wBM=l by)s
bSyall &ibuusSIl dzuall lgidleg ddgall AU o

Syl dudgall ASI s @5 pog paie JS o whil sae aazi) CSyoll dblanstl dsmall o
dspall B 4ok LoS o) digSell Wil gaazd dy)3l JiSUl g
:5 Jlwo
.(H20) slol) ddgall alssUl ol

H : 2x1.008 = 2.016 g/mol

0: 1x16.00 = 16.00 g/mol

dgoll dlisJI M = 2.016 + 16.00 = 18.016 g/mol
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lSyall &ilous)] dually aidlleg g)3l>gdi sac o
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.(
Mawhlba 3 '/ »
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-

Spall BgSall poliedl ¢y (Vgall gf) cilammsdl 3ac dws duiluans)l dsmall Jios

16 Jlo
Jooll 13 8 dsuall Le 2lyg .oliaall (o sjz 6.02x10%° e (sgims (CHa) olinoll jlé o Joo 1

dgpall 8 oSl pe hidd 83>l 8,5 azgy 4V (85 6.02x10%%) (C) ¢yguSIl wh o JgoT
dgnall 8 29y 3l o biEd W)d gyl Az gy il (8)5 4x6.02x10%) (H) (uzg)3uell > oo Joo 4

SlSyall xSl dpally lgidlicy dugall canill o

Syall ¢po Jgo JSUI whdl Vg0 dac ] dxilosSUl dsuall 9 ddamd] o)V il
7 Jbo

.CO2 po Jgo T USI Jgo 2 ) Jgo T (o0 uxansSVlg 0092)SUl (s algoll dannid

9(C02) onSIl AT 6 B dlgall dnnnil Lo

dasbronSl dzpall goiall il Syl
Relative percentage composition of the chemical formula

dl (595 dawidl 63 .diael gl LSyl u9 paic JSJ dislly dygioll dawddl 9o (ggiall il syl

paiel) dlisUl dgiall damidl

alis)L dugioll & ||_MM)M|M|XM|U|J)>nX1OO

Syoll ddgall dLSUI

_ el pailials
Syl ddgall LS|

digell a2 (e Bl Gasy (8l GSyell

rdusl I d8Msl

5,5 of Ggluro Syall dgSll jolisdl grasd disUl digiall ol Egamo (19Sy O azy :dold dlasMo
%100 ¢y0 13>
:8 Jlo

M = (1xC) + (2xO)

M = (1x12.01) + (2x16.00)

M = 44.01g/mol

CY% = Spall G paiall dliS
© T Syal ddgell adusil

C% = 229 x 100

44.01
C% =27.29%
09 = =9 b paisl ass
0 T sall ddgell dis

0% = 2x1600 4 100

44.01

0% =72.71%
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Empirical formula
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dJoVl dsuall

sasdl Jios Vg .Spall @550l poliell WM doumo ddac duws bl e yisf d5bosS dsuo Lo
dnall ()9S5 A8g .(dyyzaill gl dbamMoll) daw il WULI o Gid o Wleg .sgiadl 18 whil Ll=all

S oy -(C02) 2SIl apansST ilig (H20) slall Jio asliSyall G duiyjadl dstmall lgands Lo dxloll
AoVl deuall slayl dudes) paise wighs 3-3

dJgVl dsuall skl wighs

gzl 130 .100 g LeiliS dine elya of o8l (@daliS dyg50 s o widazall cols 13)
2l ailiS dygluo paiel) dygiall duuidl puas s wbluwadl by

Bobdl b Jag=xill 2=y of dpiblaall wlibmall (yo slows dgale Jpanll smy poliall Ji5 5>
wVgall sae ] ailiS Jagzaid paisl) dy)3l sl el . Vgo ) 1

8ohll 8 lgale wlias Sl pais JS ©Yg0 dac puwidi Gapb (€ dulgo duns bl 53>
Lo WVg0 dac y2u0l Lle 2

ohe sgiss colS 13] Lol 8ghsl 6 jolaxid o 13lael 3 Bghsl L sl eols 13)]
2200 338 3201 B el groz Lps Gapb e douos dlacl ] LgJgxd dypine jomS 4
oo 1Blacl glS Lglexy

dulaw o85S 4 o 3 ghsl (ro dsilll dousuall Slacl plasiuwl &gVl dsuall LS|
il dbluonSl deall 8 poliel

5

dgVl dsuall sley] wighs :3-3Jsull

19 Jlo

C :dy) Ul Y1) (0) ST 53.3%g (H) (u29)300 6.7%9 (C) y9syS 40.0% (p0 095k s3uae iSpo

dousuall slacyl dgall dunill

(4 8ghzll) (3 8gkasll)

.(0=16.0 H=1.0.=12.0

1 3.33/3.33=1.0

40.0/12.0 = 3.33

40.0¢g Cc

2 6.7/3.33 = 2.01

6.7/1.0=6.7

6.7 g H

1 3.33/3.33=1.0

53.3/16.0 = 3.33

53.3 g 0

.CH20 o dJoVl d2uall gld 0 =1 .H=2.C =1 o dsusuall slacVl i Loy
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Molecular formula izl dsuall

il il Gudg sisidl GO paie JS W3 sae Gl (Spall sl CuSyill ekt il dsuall o

doVl dspally duijzdl dsmall ¢y §pal

eg3zll & il Gidisdl sasll i | bl G dovons dpdae dd bl oas | gyl

CeH1204 CH,0 Jbo
(agVl duall x n) = &l dsuall ds\lall

wSyall ddgVl dspall sl (a

oVl dguall dJgall dliSUl sl (b

1)W1 il cansl (C
_ Syl dudiiall dgall AlSUI
oVl depall dJgall AUl

gzl dspall Gle Juazid N 8 &gVl dsuall joe, wipsl(d

:10 Jlo
Szl aigpo Lo . 56.12 g/Mol 9lus dulgall ailiSg CHy ddoll aiguo Syo
:CH2 4oVl d2uall dJgall dis)l (a
(1x12.01) + (2x1.01) = 14.03 g/mol
NSl wlasg sac(b

izl dseuall(c
(CH2)x4 = CqHg

Formulas of Hydrates dsloll 2oVl guo

WSl J1> Bjziono sloall Wlijz (o 2309 (ee dae Lo giy wibo Gigd WSe 9 iloll zloll
Dokl slo” o 0ia sladl Wlisje owd dyyglull

(il Gopb pe 831e) aio jolill slo Wliyjz groz Alj] a2y oSy lall Gudi 9o GileW zlall
Jie) el &3 b Lay «SiloWI alall (e dalio yaslas Lilall alall slhe] ] jokall slo 3929 (635

((3-4 Jsuidl S8 Bk 99 LS Lol VI JI Gilall @Y1 po ko] iligS Jo=i
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heat
CusSO,-5H0 CusSO,

oWl GanVl ) Silal @)1 o pulodl ligysS Jo=i :3-4 JSuil
(1) dbis Lagin Jhadg sloll Wliyiz> go oWl aloll d2uo oy Lilall alell dgus iusS
sdolell deuall

iloWI zxlall. xHZ0
(zeloll) Lig VI Syl duilaasSl dsemall o - ilell bl
el o azlg oo Sy dhagiyall slall Gligj> ©Vge dae Jiay (Joe) asuo dic g ix

111 Jbo
slall oz Ul ol @l yS CuSO,5H20
Naming of hydrates dssloll 2oVl drams

(el punl @5 gVl unl) B3liall &yl (SloWI) GigaVl axlodl o .1
bgdl wbsll plazsuwl @y dhagiyell slall wligis sae Lo Jay ghie d8Ls) .2
Sl gl "ele” dolSy eawVl £lgil .3

sladldnlalagoge¥iovYls)  (NH,),C,0,4.H,0 Gl
ledl LS p IS 5518 CaCl, . 2H,0

sl LA agsguati ol NaC,H30,. 3H,0
sl ae by (D) wasticlawgd FePO,. 4H,0
slatt awles (I1) pulsti ol o8 CuS0O,.5H,0
SPX {PIMRVRYG | FETIPTIVRNS CoCl,.6H,0

o ledl due Luw p gcid Let | Silio 48 MgSO, . 7H,0

X N OO ks W N -
F

sl ilad agaldt wwS gy Ba (OH),. 8H,0
sladl d)lie pgargall Slig ,S NaZCO?).lOHZO 10 $olde
dslall 2V Lle dliol :3-5 sl
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eyl bl
:(3-1) <y

16.0 mol O,

:(3-2) w5
26.0 g Fe

:(3-3) )
151g/mol

:(3-4) <y

4mol
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  20 − 30 ° c


  18 − 25 ° c


  Production   efficiency   ا ل ا ن ت ا ج   ك ف ا ء ة =   33   ∗   100 % 100


  Production   efficiency =   Net   secondary   production   ∗   100 %  Assimilation   of   primary   production
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