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Taxonomy

CHAPTER ONE

Tree of life
#' Origin of Life (P.13)
#' Classification of Living Organisms (P13)
u' Classification (P13)
# Scientific Name (PI3)
u Taxonomy Categories (P.14)

CHAPTER TWO

Bacteria and Archaea
#' Structure of the Prokaryotic Cell (PI7)
' The most common shapes of prokaryotes (P.8)
= Bacterial Cell Characteristics (P.19)
u' Reproduction Methods (P.19)
#' Gram-Positive and Gram-Negative Bacteria (P.20)

CHAPTER THREE

Protists
® General Characteristics of Protists (P.23)
® Scientific Classification of Protists (P.24)
#' Algal (Plant-like Protists) (P.25)
#' The Economic Importance of Algae in Human Life (P.28)
&' Animal-like Protists (Protozoa) (P.28)
#' Characteristics (P.28)
=’ Importance of Protozoa (P.30)
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CHAPTER FOUR

Fungi
&' Mycota (Kingdom of Fungi) (P.32)
#' Fungal Characteristics (P.32)
#' Classification of Fungi (P.37)
&' Economic Importance of Fungi (P.39)

CHAPTERFIVE
Plant Diversity

& Plant Diversity (P.47)
&' Plant Classification (P.47)
& Plant Life Cycle (P.42)
&' Section I. Non-vascular plants (P.42)
&' Section II. Vascular Plants (P.44)
® Section Ill: Seedless Vascular Plants (P.45)
® Section IV: Seed Plants (Vascular Seed Plants).. (P.46)
' Comparison: Angiosperms vs. Gymnosperms (P.48)
CHAPTER SIX

Animal Diversity

i’ General Characteristics of Animals (P.50)
® Evolution of the Animal Body Plan (P.51)
=’ Sponges (Porifera) (P.52)
® Cnidarians (Coelenterates) (P.53)
B Flatworms (Platyhelminthes) (P.55)
#' Roundworms (Nematodes) (P.55)
# Mollusks (Phylum Mollusca) (P.56)
=’ Annelids (Segmented Worms) (P.58)
# Arthropods (P.58)
# Echinoderms (P.59)
u Invertebrate Chordates (P.60)
® Characteristics of Vertebrates (P.61)
#' Fishes (P.67)
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= Amphibians (P.63)
= Reptiles (P.64)
#' Birds (P.65)
& Mammals (P.67)

Ecology & Ethology

CHAPTER ONE
Species distribution and design dynamics

&' Interactions between organisms and the environment limit the distribution of

species (P.81)
@' Biotic Factors (P.87)
= Abiotic Factors (P.81)
&' Dynamic biological processes (P.82)
&' Survivorship Curves (P.83)
&' Exponential model (idealized, unlimited growth) (P.84)
#' Logistic model (growth near carrying capacity) (P.84)
#' Many Factors regulating population growth are density dependent ... (P.85)
&' Population Change and Population Density (P.85)
&' Mechanisms of Density-Dependent Population Regulation (P.85)

CHAPTER TWO
Community Ecology

' Competition (P.87)
@' Predation (P.89)
&' Herbivory (P.89)
&' Symbiosis (P.89)
&' Trophic Structure (P.89)
# Food Webs (P.90)
&' Limits on Food Chain Length (P.90)
#' Species with a Large Impact (P.91)
B Disturbance influences species diversity and composition (P.91)

National Science and Mathematics Olympiad 4



oo 1]
I.. '.-

004 ,.% ", 000
L O

seUAls Mawhiba

Mir

CHAPTER THREE
Ecosystems and Restoration Ecology

pff SOUL
NSMO
pglall sL—uolgi

Sibgll alualillg

(P.94)

#' Energy, Mass, and Trophic Levels

® Production efficiency

(P.94)

® Trophic EFficiency and Ecological Pyramid

(P.95)

= Biological and Geochemical Processes cycle nutrients and water

&' Biogeochemical Cycles

(P.96)

(P.96)

&' Restoration Ecologists Return Degraded Ecosystems

(P.99)

B’ Bioremediation

(P.99)

(P.99)

&' Biological Augmentation

CHAPTER FOUR
Human Activities Threaten Earth’s Biodiversity

&' Genetic Diversity

(P.107)

B Species Diversity

(P.107)

(P.107)

&' Ecosystem Diversity

&' Threats to Biodiversity

(P.102)

CHAPTER FIVE
Animal Behavior

' Animal Behavior — the how and why of activity

(P.104)

(P.104)

&' Discrete sensory inputs & behaviors

# Fixed Action Patterns

(P.105)

® Migration

(P.106)

(P.106)

&' Animal Signaling and Communication

B’ Pheromones

(P.106)

# Learning (Acquired Behavior)

(P.107)

® Associative Learning

(P107)
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#' Cognition and Problem Solving

&' Social Learning

#' Mating Behaviors and Mate Choice

u' Sexual Selection and Mate Choice

B Altruism

u Reciprocal Altruism
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Taxonomy represents the cornerstone For understanding the immense diversity of living
organisms on Earth. With millions of species differing in Form, structure, and lifestyle,
there arose a need For an accurate system that Facilitates the study of these organisms,
determines their relationships, and traces their evolution through time. This science is
based on a Fundamental principle: all living things, despite their differences, are related
to one another to varying degrees and can be organized into groups that reflect these
relationships.

Taxonomy provides the scientific framework that enables us to comprehend and
organize the vast diversity of life on our planet. Although organisms vary in shape, size,
and mode of life, they share patterns of similarity that indicate common relationships
and group them into larger categories. Classification helps arrange organisms in a way
that clarifies their relationships and evolutionary origins, making the study of life more
precise and insightful.

The study of taxonomy begins with identifying prokaryotic organisms and extends to
protists, which exhibit a higher level of complexity. Protists include groups that resemble
animals, plants, and fungi. The field further encompasses the animal kingdom, both
vertebrates and invertebrates. By analyzing the shared and unique traits of each group,
scientists can trace the evolution of body plans and understand how species adapt to
different environments.

This integration among living groups provides a comprehensive view of the history of
life on Earth and helps students connect the characteristics of organisms with their

ecological roles, behaviors, and adaptive strategies.

National Science and Mathematics Olympiad 10
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E)bjectives: !i

1. Understand the general principles of biological classification, including taxonomic levels and the
fundamentals of naming organisms.

2. Explain the differences among the kingdoms of life by tracing the origin of each group and
understanding how shared and unique characteristics emerged.

3. Identify the structures of prokaryotic and eukaryotic cells and compare their main fForms and
methods of reproduction.

4. Analyze the ecological importance of fungi and their roles in decomposition, symbiosis, and the
production of food and medicine.

5. Identify the general characteristics of animals and relate them to feeding patterns, movement,
and reproduction.
Classify invertebrates into their main groups and describe the characteristics of each.
Distinguish the characteristics of vertebrates in terms of structure, reproduction, and habitat.

National Science and Mathematics Olympiad 1
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EOrigin of Life: !i

The cell is the basic unit of life. Life began on Earth about 4.5 billion years ago.

The first cell originated in primitive environments such as:

e Oceans

e Hydrothermal vents
These environments provided simple OOO
molecules such as: OOO

e Amino acids

¢ Nucleotides ‘ Figure 1: lllustrates the origin of the first cell in primitive

From these building blocks, larger molecules were fFormed:
e Proteins

e Nucleic acids
fCIassification of Living Organisms !i

i Classification:
It is the process of placing living organisms into groups based on their characteristics.
Taxonomy:
Taxonomy is the branch of science specialized in organizing living organisms and
arranging them into groups called:
e Taxon (singular)
e Taxa (plural)
Basic rules:
e No two species can have the same name.
e Therefore, the Binomial Nomenclature system was established so that each
organism has a unique universal name.
u' Scientific Name
The scientific name usually consists of two words:
1. Thefirst refers to the Genus.
2. Thesecond refers to the Species.
Examples:

e Human: Homo sapiens (abbreviated as H. sgpiens).

National Science and Mathematics Olympiad 13




N NSMO
. aLogo aglall sL__yualgi
; oA Mawhiba ibgll cilualyllg

Ministry of Educ

e Dinosaur: Tyrannosaurus rex(abbreviated as 7. rex).
& First: Aristotle’s System (394-322 BC)
- Divided living organisms into Animals and Plants.
#' Second: Carl Linnaeus's System (1707-1778 AD)

e Faced the problem of multiple names

used to describe the same species - Red-blooded animals
(Polynomial nomenclature). Living Eltoelises Bnimels
e Established the Binomial organisms Trees
Nomenclature system: - Shrubs
Herbs

oComposed of two names:

o Genus name (capitalized). - Species | Figure 2: Living Organisms

name(lowercase).
#' Third: Whittaker's System (1969)
- Divided living organisms into Five . .
Taxonomic Categories
kingdoms within three levels of
organization:
1. First level: Kingdom Monera -

Prokaryotes.

KINGDOM

2. Second level: Kingdom Protista - DOMAIN

Unicellular eukaryotes.

3. Third level: Multicellular organisms, Figure 3: Classification hierarchical system

including:
o Kingdom Fungi
o Kingdom Plantae

o Kingdom Animalia

i‘Taxonomy Categories !i

Classification is based on a hierarchical system that moves from the most general to the
most specific:
Domain > Kingdom > Phylum > Class > Order > Family > Genus > Species

® Notes:

National Science and Mathematics Olympiad 14
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e The highest level (Domain) includes the largest number of organisms with the
least similarity.
e Thelowest level (Species) includes organisms that are more closely related and

share greater similarity in characteristics, morphology, and reproduction.

National Science and Mathematics Olympiad 15
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Chapter Two

Bacteria and Archaea
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fStructure of the Prokaryotic Cell !i

e Main groups:
o Bacteria.
o Archaea.
e Environments: Soil, oceans, and extreme
environments such as:
o Highly saline waters.

o Deep hydrothermal vents.

Bacterial Flagellum
Nucleoid (circular DNA)

e Size:Ranges between 0.3 - 28 pm.

Figure 4 Components of Prokaryotic Cells

e Capabilities: Great diversity in form, structure,
and functions, with adaptation to multiple conditions.
e Extremophiles: Capable of tolerating:
o Heatupto435°C.

o Acidic or alkaline environments.

fComponents of Prokaryotic Cells: !i

Separates the cell from the external

Plasma Inner boundary of the cell,
environment and regulates material

membrane beneath the cell wall
passage

Contains enzymes and molecules essential . o
Cytoplasm Fills the inside of the cell
For biochemical reactions

Region containing circular DNA not
Nucleoid Within the cytoplasm
surrounded by a membrane
Extra DNA molecules carrying genes that
Plasmids Floating in the cytoplasm
provide special traits or resistance

Responsible for protein synthesis Scattered in the cytoplasm

Provides support and protection — differs Surrounds the plasma
Cell wall
between Gram-positive and Gram-negative membrane

National Science and Mathematics Olympiad @
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Flagella

Help the cell adhere to surfaces

Enable cell movement

i‘l‘he most common shapes of prokaryotes:

Spiral or helical-shaped cells, less common but adapted for movement in

Small, circular or oval-shaped cells —
Rod-shaped cylindrical cells, which may occur singly or in chains —m

specific environments

‘ Figure 5:the shapes of prokaryotes ‘
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Extend outward from the cell

surface

Project outward from the cell

surface
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Streptococci ‘ 0‘

Staphylococci

e - )
(Cocci) &35,511 & (Bacilli) & gqanll A agyl=d!
(Spirilla/ Spirochetes)
‘ ‘ ‘ Streptobacilli e
Coccus Diplococci -
Di C Bacillus
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j?:awrm
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F Bacterial Cell Characteristics: !i

First. Morphological characteristics of

Scattered single cells Micrococci

bacteria Shape and Arrangement

Paired cells, as in Pneumococci, sometimes
in groups of four

Grape-like clusters Staphylococci

Diplocooci

Second. Growth and Reproduction Chains of hort o long cell Streptococci ®
2

G r OWth Cubes or packets of eight cells Sarcina %
@

The growth process occurs through: (i St =~ = el RO 3
3

Q.

1. Cell growth: Increase in the oo s e e o ). (— e ) | §

o

[}

amount of protoplasm. e i ) 3
(—‘ Figure 7: Bacterial shapes and arrangments )’ @

2. Celldivision: Increaseinthe
number of cells, fForming colonies.

e Under Favorable environmental and nutritional conditions, bacteria reproduce
very rapidly; the population may reach 10-15 billion cells per milliliter in a short
period.

e Some species, such as Actinomycetes, reproduce by fragmentation or budding.

f Reproduction Methods: !i

Sexual Reproduction (Genetic

Spore Formation (Endospore Formation)

Recombination)

It is the conjugation of two bacterial cells in

Itis the process by which bacteria Form internal
which genetic material is transferred from a

o spores under unfavorable conditions to ensure
donor cell to a recipient cell through a hollow

. o . . ) survival of the species.
pilus, aiming to acquire new genetic traits.

&' Nutritional Factors
Types:
1. Autotrophs: Use inorganic compounds such as H,, CO,, and nitrates through

photosynthesis or chemosynthesis.

National Science and Mathematics Olympiad
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2. Heterotrophs: Obtain their energy from the breakdown of organic compounds

via fermentation or oxidation.

F:ram-Positive and Gram-Negative Bacteria:

="

Gram stain: A method used to distinguish between two types of bacteria.

oIRVEI

(Gram + /[ -)

Capsule

Flagella

National Science and Mathematics Olympiad

- Gram-positive: Thick

layer of peptidoglycan.
- Gram-negative: Thin

layer of peptidoglycan.
- outer membrane

containing LPS.

Protein or glycoprotein,
crystalline or mesh-like

surface.

Gelatinous layer outside

the cell wall.

Long, thin protein
structures (3-12 um

length, <20 nm thick).

Short, thin protein

fFilaments (7.5-10 nm).

- Determines cell shape.
- Protection from

osmotic pressure.

- Reinforces the cell.

- Adheres to surfaces.

- Protection against
enzymes and harsh
conditions.

- Protection against
desiccation.

- Adherence to cells and
surfaces.

- Avoidance of immune

response.

Movement in liquid

environments.

- Adherence to surfaces

and other cells.

- Gram-positive: Retains
purple stain.

- Gram-negative: More
resistant to antibiotics
due to the outer

membrane.

Present in some archaea
and bacteria, provides

additional resistance.

Increases pathogenic
bacteria's ability to

cause disease.

Helps bacteria migrate in
search of nutrients or
escape unfavorable
conditions.

Important For bioFilm

Formation and gene
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Protective coat

containing genetic

Endospores

material and essential

proteins.

National Science and Mathematics Olympiad

- Contributes to genetic

exchange.

- Enter dormancy under
harsh conditions.
- Regrow when

conditions improve.
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transfer between
bacteria

Provide extreme
resistance to heat,
desiccation, and
chemicals; may survive

For decades or centuries.
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Chapter Three

Protists
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Eukaryotes that live in moist soil, )
1. Unicellular.
saltwater, and freshwater. Some are ]
. ) ) ) 2. Multicellular
parasitic on other organisms, including

S 3. Colonies
 commoncamples | stwawe |
1. Golgi bodies, Possess a true nucleus and organelles
2. Amoeba such as:
3.  Plasmodium e Mitochondria
4. Paramecium e Plastids
5. Euglena e Endoplasmic reticulum,
6. Algae such as Spirogyra e Golgi bodies.
FGeneraI Characteristics of Protists !i

1. Autotrophic - Photosynthesis
2. Heterotrophic — Absorption or ingestion
3. Mixotrophic — Depending on conditions

Aerobic - Common

—

Respiration
2. Anaerobic - In the absence of oxygen

1. Asexual - Binary fission

Reproduction 2. Sexual - Cellular conjugation

3. Encystment - For protection
&' DefFinition of Encystment:
e Occurs under unfavorable conditions (lack of nutrients, oxygen, moisture, or
unsuitable temperature).
e Acyst with athick covering is formed. Provides the organism with the ability to
survive for a long period and later emerge into the vegetative stage.

' Movement:

Protists possess specialized structures For movement, which may be:

Form Example Mode of Movement

National Science and Mathematics Olympiad @
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Paramecium Cilia
Euglena Flagella
Amoeba Pseudopodia

No locomotory organ (move by

Plasmodium o o )
gliding within host fluids)

FScientific Classification of Protists !i

Protists are classified based on their nutrition into two main groups:

Protozoa (Animal-like Fungus-like-

Protists)

Comparison . .
Algal (Plant-like Protists)

Aspect Protists

Heterotrophic

Autotrophic (Producers) Heterotrophic (Consumers)

(Consumers)

Some are unicellular,

Some are unicellular, others

Unicellular others are

Description )
are multicellular )
multicellular

Include six divisions:
1. Euglenophyta (Euglenoids)
2.Chrysophyta (Golden

algae)

3. Pyrrophyta Include four divisions: Include three

(Dinoflagellates) 1. Mastigophora (Flagellates)  divisions:

4. Chlorophyta (Green 2.Sarcodinae (Amoeboids) 1. Slime molds

algae) 3. Apicomplexa (Sporozoans)
4. Ciliophora (Ciliates)

2. Water molds

5. Phaeophyta (Brown 3. Downy mildews

algae)
6. Rhodophyta (Red algae)

National Science and Mathematics Olympiad
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®'  First. Algal (Plant-like Protists)

Characteristics:
e Simple thallus organisms not differentiated into roots, stems, or leaves.
e Contain chlorophyll and are autotrophic through photosynthesis.
e Their life cycleis characterized by alternation of generations between a sexual

gametophyte stage and an asexual sporophyte stage.

' 1. Phylum Euglenophyta (Euglenoid Algae)

Represents a link between animals and plants.

Reproduces very rapidly until it covers the water surface with a characteristic
green scum.
Food Storage
e Stores food in the form of:
o Lipids
o Acarbohydrate compound known as
paramylon, which resembles starch but
differs.
&' 2, Division: Green Algae (Chlorophyta)
Definition
e Contain:
o Chlorophylla &b
o Xanthophyll

o Carotene

e Cell wall composed of cellulose.

e Unicellular

e Colonial

¢ Filamentous (branched or unbranched)

e Thalloid / leaf-like Figure 8: green Alagea

National Science and Mathematics Olympiad @
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' 3. Phylum Chrysophyta (Golden Algae)
Definition:
e The most Famous group: Diatoms.

Distinctive Characteristics:

e Plastids contain:

o Carotene. ‘ Figure 9: Unicellular ‘

o Fucoxanthin (in higher proportion than Chlorophyll).
Stored Food:
e Notstored as starch.
e Storedinthe form of:
o Leucosin.
i 4, Dinoflagellates (Phylum Pyrrophyta / Dinophyta)
Definition:

e Theyare named so because some species emit light in the
dark, a phenomenon known as bioluminescence, making the
water appear as if it is glowing with Fire.

Habitat:

e Foundin marine waters and fFreshwater.

e Some species live in symbiotic association with corals.

Pigments:
e Contain:

o Carotene

Figure 10 Bioluminescence
o Xanthophyll
phenomenon produced by some

o Chlorophyll

dinoflagellates, where the sea

Important Groups: displays a natural blue glow at night

e Dinoflagellates (Dinophyceae)

National Science and Mathematics Olympiad 26
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i 5, Brown Algae (Phylum Phaeophyta)
Definition:
e Considered among the most advanced algae, showing
high complexity in both internal and external structure.
Form:
e Multicellular.
e Thethallusis usually large, with a leathery or rubbery
texture.
e Structurally composed of:
o HoldFfast (Foot).

o Stipe (stem/neck).

4 g.O.I.IrI;l
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o Blade (Flattened lamina) - its Function is

photosynthesis and spore production.
' 6.Red Algae (Phylum Rhodophyta)
Motility: Non-motile.
Pigments:
e Dominant pigment: Phycoerythrin (red).
e Secondary pigment: Phycocyanin (blue, in small
amounts).
Cell wall:
e Composed of cellulose and pectin.
e In multicellular species: Possess cross walls with pits
that allow cytoplasmic connections, similar to higher

plants.

Reproduction: Figure 11: Marine red algae showing
their filamentous structure and

e Asexual: By fragmentation or division.

e Sexual: Through alternation of generations between:

o Sporophyte stage.

distinctive colors resulting from

phycoerythrin pigments, forming
© GametOphyte stage. large colonies in marine

environments

e Both stages live independently

of each other.

> A

‘ Figure 12: Polysiphonia ‘
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Used as food in some coastal regions around the world
“ Represent a primary food source for many aquatic and terrestrial animals

ase of the food chain.

as fertilizers because they contain high amounts

of nitrogenous compounds.

From brown and red algae, two important substances are extracted: {m
Industrial compounds {

Used in the food industry and in scientific laboratories.

s Contribute to the production of 50—70% of the Earth’s oxygen through
Oxygen production [ .
photosynthesis.
Wastewater treatment g Provide oxygen for bacteria that oxidize organic matter.

The Importance of
Algae

m- Used in various industries
o Some algae yield chemical compounds that are utilized in the formulation of
Medicine - -
medicines.

m' Characteristics:

e Most are microscopic organisms.
e Allareunicellular.
e Usually live individually, sometimes in colonies.
e Thecytoplasm is differentiated into:
o Ectoplasm: A clear outer layer.

o Endoplasm: A granularinner layer. Figure 13: Protozoa

e Thebodyis covered by a plasma membrane or a

thin pellicle.

National Science and Mathematics Olympiad



o0, Le00® ' 9-0-'-“;'

selsinenit - NSMO
. aLogo aglall sL__yualgi
pul =il ajlig Mawhiba h_?ibg]l alualylig

Ministry of Educatior

® Locomotion:

e Bypseudopodia. @ mmmmmmmmmmmmmmesmooooooooooooooooo--oo

Bv fl " Nutrition:

(] agelia.

Y 9 e Heterotrophic: By ingesting bacteria, algae, and
* By cilia. other microorganisms.

e Some species lack locomotory organelles. * Saprophytic: Feeding on decomposed organic
# Osmoregulation:
. e Autotrophic: Due to the presence of green or

e Most possess contractile vacuoles to )
colored plastids.

remove excess water. ® Pinocytosis: Absorption of liquid droplets

|

! 1
! 1
! |
! 1
! 1
! 1
! 1
! 1
! 1
! 1
! |
! 1
! 1
: matter. 1
' |
! 1
! 1
! |
! 1
! 1
! 1
! 1
! 1
! 1
! 1
! |

Respiration: through minute vacuoles at the surface.

e Mostly aerobic respiration through the agiis Sy

(Conrracrile vacuoles)

plasma membrane.
e Afew areanaerobic.
&' Excretion:
e Occurs by diffusion across the body surface

i Reproduction:

e Asexual: By simple binary fission or multiple Adal) b
FISSIOI"I. (Cell mouth)
e Sexual: By the Formation of gametes or through conjugation.

e Encystment: Formation of a cyst to protect the organism under unfavorable

conditions.
Habitat: Habitat:
e Live free-living in freshwater and e Free-livingin fresh and marine waters,
marine environments, e.g, Amoeba moving by means of flagella.
proteus. e Some live symbiotically with other
e Some species live as parasites, organismes, such as flagellates
such as Entamoeba histolytica, inhabiting the intestines of termites.
which inhabits the human e Some are parasitic and cause diseases,
intestine and causes dysentery. e.g, the protozoan Trypanosoma sp.
Locomotion:

e Move by means of pseudopodia,
which are constantly fForming and
disappearing.

National Science and Mathematics Olympiad
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e These pseudopodia are also used
in fFeeding.

This subphylum includes protozoans that Sporozoans are protozoan organisms that lack
move by means of cilia. They are organs of locomotion. They reproduce by
characterized by having two nuclei:alarge forming spores and have a life cycle that
meganucleus and a small micronucleus. includes both sexual and asexual stages. One of
They feed by ingestion and reproduce the most well-known examples is the malaria
both sexually and asexually. Examples of parasite (Plasmodium).

this subphylum include Paramecium and

Balantidium
f Importance of Protozoa: !i

e From an important part of the Food chain for some aquatic organisms (they feed on
aquatic plants, and in turn, are consumed by other aquatic animals).

e Play a key role in maintaining ecological balance in some communities (saprophytic
species feed on bacteria, decomposed materials, and some fungi that break down
organic matter).

e Cause diseases in humans and animals as obligate parasites living inside the host's

body.

National Science and Mathematics Olympiad
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Chapter Four

Fungi
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EMycota ( Kingdom of Fungi ): !i

Fungal Characteristics:

e Fungiare eukaryotic organisms that belong to a distinct biological kingdom
known as the Kingdom Fungi.

e They are thalloid organisms, meaning they lack true roots, stems, or leaves.

e Their bodies may be unicellular (as in yeasts) or filamentous, composed of thread-
like structures called hyphae that interweave to form a mycelium, which
constitutes the main body of the Fungus.

e Fungal cells possess a rigid cell wall primarily composed of chitin, cellulose, and
glucans.

e Theystore food as glycogen, similar to animals.

e Fungilack chlorophyll and are therefore non-photosynthetic.

ihutrition in Fungi !i

Modes of Nutrition in Fungi
e Saprophytic: Fungi that obtain nutrients from decaying organic matter, playing a
vital role in decomposition.
e Parasitic: Fungi that derive nutrients from living hosts, often causing diseases in
plants, animals, or humans.
e Symbiotic: Fungi that live in mutually beneficial associations with other
organisms, such as mycorrhizae (associations between Fungal hyphae and plant

roots) and lichens (associations between Fungi and algae or cyanobacteria).

Fungi are classified according to their mode of nutrition as follows:

These fungi live parasitically in nature on specific suitable

ol TeEld= = lale Jil(s[ hosts. IF the appropriate host is not available, they enter a
dormant stage or die.
= o] e sk iete . These Fungi are normally saprophytic in natural

Fungi conditions but are capable of becoming parasitic under

certain circumstances.

National Science and Mathematics Olympiad @
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ohileEl=IsEDgenpi’ldle | These Fungi live exclusively on decomposing organic
Fungi matter, whether of plant or animal origin.
Flelll=lasE e aldles These fungi are usually parasitic, but when a suitable host
Fungi is not available, they switch to a saprophytic lifestyle.
These fungi live in a symbiotic relationship, exchanging

Symbiotic Fungi
mutual benefits with other living organisms.

fMovement in Fungi !i

e Fungiare generally non-motile organisms, although exceptions exist.
e Some fungi produce motile reproductive units, usually equipped with flagella that
enable movement.

e There are two types of flagella, and a Fungus may possess one or both types.

Tinsel Flagella Whiplash Flagella

Consist of a long axis with numerous )
o o ) Consist of a long basal part and a short,
hair-like lateral projections extending ] ]
Flexible terminal segment

along its sides

EReproduction in Fungi !i

e Asexual Reproduction: This mode of reproduction commonly occurs through

spores, such as conidia or zoospores in certain aquatic Fungi. It may also take
place through fragmentation or budding, as seen in yeast.
e Sexual Reproduction: Characterized by the Fusion of nuclei (karyogamy) and the

Formation of specialized reproductive structures, including:

National Science and Mathematics Olympiad @
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o Zygosporangium in zygomycetous fungi (Zygomycetes).

o Ascusin ascomycetous Fungi (Ascomycetes).

o Basidium in basidiomycetous fungi (Basidiomycetes).

e Parasexual or Imperfect Reproduction (Parasexuality — Deuteromycetes):
Observed in certain fungi that lack an observable sexual phase, such as

Penicillium and Aspergillus.

&' First: Asexual Reproduction

“heiog " osscpion | bomle

The mycelium breaks into separate
Common in filamentous
Fragmentation units, each capable of developing into a - )
ungi
new mycelium.

7
Transverse The parent cell divides into two identical @Q J
.
Fission daughter cells. @

A small bud fForms on the parent cell, t®
Budding grows, and then separates to form a @V

new individual.

>
"
®
x
c
o
0
®
o
=
o
a
c
0
=
o
S
2
®
-
T
0
a
(7]

Oidia The fungal hyphae divide into separate

(Arthrospores) cells that function as spores.

Figure 17 Some parasitic

fungi

National Science and Mathematics Olympiad
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Sclerotia

Chlamydospores

Spore Formation
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Formation of hard, thick-walled
structures that survive harsh conditions ) ) )

Figure 18 Certain fungi
and germinate when conditions

improve.

Thick-walled cells formed within or

between hyphae that act as resting Some Candidaspecies
spores.

The most common method; spores may

be: - Endospores (e.g, Sporangiospores, Endospores and Conidia

Zoospores) or — Exospores (e.g., Conidia).

Spores are classified according to their mode of Formation and the way they are

borne into two main groups:

e Endospores - internal spores

e Exospores — external spores

Endospores are formed inside a sporangium or sac, and they occur in several

forms:

Sporangiospores Zoospores

Formed inside a zoosporangium and

Formed within non-motile sporangia

Found in aquatic or moist fungi. They

that are enclosed by a cell wall. Their

possess flagella that enable swimming,

dispersal depends on the wind, and the

with variations in the number and

sporangia are borne on specialized

position of the Flagella (anterior,

hyphae called sporangiophores.

posterior, or lateral).

National Science and Mathematics Olympiad @



gouL

. aLogo aglall sL__yialgi
Mi-\.liSlH\ of EuuCLI(JJIi?s MaWhiba '_,lbgjl CIIJ__JaleJlg

A & ~

100 pm

Exospores

Conidial spores (Conidia) are non-motile spores that are Formed externally on

specialized structures called conidiophores, which may be branched (as in

Penicillium) or unbranched (as in Aspergillus).
e The shape, size, and color of conidia vary greatly.

They may occur singly or in chains, and these morphological characteristics

are often used in the classification of many fungal species.

10 um

conidiospores

\’

i Second: Sexual Reproduction
There are three distinct stages in the sexual reproduction process of fungi, which usually

occur in sequence and can be summarized as follows:

Hypha of -
mating type  Hypha of + 1. Plasmogam
Also called cellular fusion, itinvolves the fusion of the cytoplasm between two cells,

| mating type
}}@@ ing typ
allowing the nuclei to come close together within the same cell.

] —~ Gametangia l
==

m In this stage, the haploid nuclei (n) fuse to form a diploid nucleus (2n).
Zygote
}m (2n) '

Zy?zojpore Following karyogamy, the diploid nucleus undergoes meiotic division to produce
n
haploid nuclei, each forming gametangia or spores enclosed by a cell wall and

cytoplasm, leading to the formation of sexual spores.

National Science and Mathematics Olympiad @
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&' 1. Division: Gymnomycota (Slime Molds)
Class: Myxomycetes (Slime Molds)

These organisms represent an intermediate link between

fungi and animals.

e LiFe Cycle: Consists of two main stages a fungal
stage (sporangium) and an animal-like stage Figure 19 Gymnomycota

(plasmodium).

e Habitat: Saprophytic, living on decaying wood and leaves, or parasitic on algae

and plants.
Distinctive Features:

1. Thevegetative body is a plasmodium a naked, multinucleate mass of protoplasm
capable of amoeboid movement.

2. Thevegetative stage differs From that of true fungi: here it is a plasmodium,
whereas in true Fungi it consists of hyphae.

3. They Form distinct Fruiting bodies, and their spores are haploid, enclosed by a

cellulose cell wall.
&' 2, Division: Mastigomycota (Flagellated Fungi)

Also known as the Lower Fungi because they produce motile spores that live and move in

water.
Class: Oomycetes (Water Molds)

e Habitat: Saprophytic in water and soil, or parasitic on plants, causing diseases

such as downy mildew.

National Science and Mathematics Olympiad @
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Characteristics:

1. The mycelium is coenocytic (multinucleate and non-septate).

2. Asexual reproduction: by motile zoospores possessing two unequal Flagella.

3. Sexual reproduction: involves distinct oogonia (Female organs) and antheridia
(male organs) that fuse to Form an oospore.

4, The mycelium is often intercellular, producing haustoria that penetrate host cells

For nutrient absorption.

‘ Figure 20 Mastigomycota ‘

®' 3, Division: Amastigomycota (Non-Flagellated Fungi)

e Thisis the largest and most advanced division of fungi.

e Habitat: Can be saprophytic or parasitic, including both microscopic forms and
large fruiting bodies such as mushrooms.

e Distinctive Feature: Absence of motile (Flagellated) spores; reproduction occurs
either by conidia (asexual spores) or by sexual spores such as zygospores,

ascospores, and basidiospores.

National Science and Mathematics Olympiad
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FEconomic Importance of Fungi

Benefits
1. Decompose complex organic materials into simpler compounds, thereby
enhancing soil fertility.
2. Improve agricultural soils through their continuous activity in breaking down
organic matter.
3. Some species are used in food industries, such as in cheese production

(Penicillium sp.).

Produce antibiotics, notably penicillin derived From Penicillium.

Produce vitamins, especially members of the vitamin B complex.

N o v o »

The yeast fungus (Saccharomyces sp.) is used in the production of alcoholic

beverages and in fermenting dough For bread making.

National Science and Mathematics Olympiad

Certain fungi are consumed as food, either fresh or dried, such as mushrooms.
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Chapter Five

Plant Diversity
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This is the diploid stage. It produces These are haploid cells. They grow by mitotic
haploid spores (n) through meiosis. division to Form the gametophyte stage.
This is the haploid stage. It produces

They fFuse during Fertilization to form a
gametes (male and female) through

o zygote (2n).
mitosis.

The diploid cell that results From Fertilization. It grows by mitotic division to develop into

a new sporophyte plant.

&' Section I. Non-vascular plants:

Spore
gsp«m

@ 2
0 0 Spore “
MEIOSIS 2: FERTILIZATION

= F

‘ Figure 21 The Life Cycle of Multicellular Plants
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Examples of Nonvascular Plants:
Moss (Sphagnum)
e Grows in moist places such as swamps and
along stream banks.
e Lacks true vascular tissues; water is
transported by osmosis and diffusion.
e Possesses leaf-like structures one cell
layer thick and multicellular rhizoids.

o Importance: Forms layers of peat, which

are used as a source of fuel and as

agricultural soil.
Liverwort (Marchantia sp.)
e Lives in moist, shady places such as
riverbanks and stream edges.
e The gametophyte is the dominant stage
and grows Flattened on the soil surface.
e The body is divided into an upper surface
containing air chambers and chloroplasts,

and a lower colorless surface for storage.

——
i
<
o
=
-3
(=]
=
-~
(L
S

e Anchored by unicellular rhizoids.

%

o Reproduces asexua“y by special Figure 23 The Marchantia Liverwort

structures called gemmae and sexually by
antheridia(male organs) and archegonia

(Female organs).

National Science and Mathematics Olympiad



Hornwort (Anthoceros sp.)
e One of the smallest divisions of
nonvascular plants.
e The sporophyte is horn-shaped and grows
elongated above the gametophyte.
e Its cells contain a single large chloroplast.
e The sporophyte produces most of the
food For both the gametophyte and
sporophyte.
e |ts tissue contains mucilaginous cavities
inhabited by cyanobacteriain a symbiotic

relationship For nitrogen fixation.

' Section Il. Vascular Plants:

Comparative Overview of Vascular Plant Divisions

Seedless Vascular Plants Seed Vascular Plants

Large and diverse, ranging from

gouL
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e -
Figure 24 The Anthoceros Hornwort

Larger than nonvascular
plants; diverse in form and size small herbs to giant trees

Dominant Sporophyte stage

Stage (Sporophyte)

Simple leaves, small or large,
Leaves

not complex

True roots arising from the

stem

National Science and Mathematics Olympiad

Sporophyte stage (Sporophyte)

True, complex leaves that vary in
shape and size
Well-developed, deep roots For

absorbing water and minerals
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Vascular tissues (Xylem &

Phloem); transport by osmosis

Transport

and diffusion in simpler

species

Moist environments; some
tolerate drought

Ferns and horsetails

- The First vascular plants
(el =1 (<=0 adapted to life on land- Helpin
soil Formation

m  Section lll: Seedless Vascular Plants
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Highly developed vascular tissues

with efficient transport systems

Diverse habitats: deserts, forests,
and agricultural lands
Conifersand Angiosperms
(Flowering plants)

- Sources of food, timber, and
medicine- Form the basis of

ecosystems and agriculture
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Section 1V: Seed Plants (Vascular Seed Plants)

#« The Cotyledon in Seed Plants
e The cotyledon is a part of the seed that Functions as a food storage organ.
e It represents the first embryonic leaf (or leaves) of the plant and provides nutrients
to the young sporophyte until it begins independent growth.
Number of Cotyledons
e Monocotyledons / Monocots: Seeds contain one cotyledon. Examples: rice, corn,
wheat.
e Dicotyledons / Dicots: Seeds contain two cotyledons. Examples: beans, peas, most
Fruit trees.
Importance of the Cotyledon in Seeds
e Stores Food within the seed (starch, proteins, and Fats).
e Assists the young sporophyte in absorbing nutrients during the early stages of

germination.

"/ =7

- Live in tropical and subtropical regions.

- Male and female cones are borne on
(Cycadophyta)

separate plants.

- Have soft stems rich in storage tissues.

Figure 25 Cycad

National Science and Mathematics Olympiad
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- Resemble palms, but differ in their

reproductive structures.

- Consist of three main genera: Ephedrs,

(Gnetophyta) Gnetum, and Welwitschia.

- Adapted to desert and arid

environments.

- A small division containing only one
species.

- Have fan-shaped leaves.

(Ginkgophyta)

- Dioecious plants (male and female
plants separate).

- Tolerant to pollution.

- The largest division of gymnosperms.
- Male and Female cones are usually
Found on the same plant.
- Have needle-like or scale-like leaves.

- Live in temperate and cold regions.

- Seeds are enclosed within the ovary of
the Flower.
- Represent the most widespread group

of plants.

(Angiosperms)

National Science and Mathematics Olympiad

- Divided into monocots (Monocots) and
dicots (Dicots).
- Possess a wide variety of fFlowers and

Fruits.

- Have long lifespans (1,500-2,000 years).
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Figure 26 Ephedra, Gnetum and

Welwitschia

Figure 30 Rice, Corn, Beans and Fruit

trees
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- Exhibit annual, biennial, and perennial

life cycles.

i Comparison of Seed-Bearing Vascular Plants: Angiosperms vs. Gymnosperms

Gymnosperms (Naked Seed . .
Angiosperms (Flowering Plants)
Plants)

Vascular seed plants whose Vascular seed plants whose seeds are
Definition seeds are not enclosed by an enclosed within the ovary of the Flower
ovary (naked seeds). (covered seeds).

. Reproduce by Flowers that contain
(el [T ESE Reproduce by male and Female o
stamens (male) and carpels/pistils

cones.
(Female).
Exposed on the scales of Enclosed within an ovary that develops
cones. into a Fruit after Fertilization.

. ) . Wheat, Rice, Bean, Apple, Grape, Rose, Fruit
Pine, Juniper, Cycad, Ginkgo.

trees.
Commonly Found in cold and Widespread in most environments
temperate regions. (terrestrial and aquatic).

Pollination Usually by wind. By wind, insects, or water.

Source of timber, resins, and Provide major Food sources, as well as
Importance ) o ) .
certain medicines. Fibers and oils.

National Science and Mathematics Olympiad
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Chapter Six

Animal Diversity

National Science and Mathematics Olympiad
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f Animal Diversity

&' General Characteristics of Animals
Multicellular organisms:
Animal bodies are composed of many specialized cells that
perform different Functions.
Eukaryotic:
Their cells contain a well-defined nucleus and membrane-

bound organelles.
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Figure 31 Eukaryotic Cell

Heterotrophic:

They obtain their fFood from other organisms through ingestion and internal digestion.

Specialized tissues:
They possess muscle and nervous tissues that enable
movement and response to stimuli.
Symmetry:
Most animals exhibit bilateral symmetry, while some show
radial symmetry.

Body cavity:

Figure 32 Body Cavity

Present in most animals, providing space for internal organs and allowing their growth

and movement.
Developmental stages:
Their life begins from a Fertilized egg (zygote) that undergoes
cell divisions and transformations until maturity.
Movement:
Most animals are capable of active movement at some stage of
life due to the presence of muscles and nerves.
Sexual reproduction:
Most animals reproduce sexually, involving the Fusion of

different reproductive cells (gametes).

National Science and Mathematics Olympiad
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Figure 33 Stages of Growth and

Development
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Body organization:
Many animals show segmentation—division of the body into
regions or segments—which enhances efficiency in

movement and function.

vaqution of the Animal Body Plan

This evolution can be traced through Five main stages that

Bilateral Symmetry
illustrate how animal bodies developed from simple to complex Top oo ~ Sagtalpane
< rosterior Back

Forms. 4
& First: Tissues sy

Front anedor —— Transverse plano
All animals possess tissues except sponges, which lack true ' e _Bottom
tissue organization. Figure 34 illustrates the difference
# Second: Body Symmetry (Symmetry) between radial symmetry and

bilateral symmetry.

e Bilateral symmetry: The body can be divided into two

identical halves, each mirroring the other.

e Radial symmetry: The body can be divided into two or more identical parts radiating

From a central axis.

Third: Body Cavity (Coelom) &' f S (‘g%m”

As animal body complexity increased, the need arose For an
internal cavity that allows the growth, movement, and

independence of organs from the body wall.
This Feature evolved through three major stages:

1. Acoelomates:

Animals without a true body cavity; their bodies are completely
Filled with tissues, as in Flatworms.

2. Pseudocoelomates:

Animals with a false body cavity, partially lined with mesoderm,

as seen in roundworms. Figure 35 Shows the different
stages of development

National Science and Mathematics Olympiad 51
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3. Coelomates:
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The most advanced animals, possessing a true coelom Fully lined with mesoderm, found

in annelids, arthropods, and vertebrates. The presence of this cavity allows for better

organ organization, greater movement, and functional specialization.

i Fourth: Embryonic Development (Development)

During embryonic stages, an early

opening called the blastopore forms,

and its developmental fate é
distinguishes two main groups of

animals: g
1- Protostomes:

The mouth develops first from the

blastopore. Examples include

Deuterostomes

arthropods, mollusks, and annelids.

2. Deuterostomes:

Side view Top view

Spiral cleavage Development
arrested

Four-cell Indeterminate
embryo development

Cell

' } Blastopore
becomes anus

2

Side view Top view

Radial cleavage “/ Normal
embryos

The anus develops First from the

blastopore, and the mouth Forms later.

Figure 36 lllustrates embryonic development in protostomes and

deuterostomes.

This group includes echinoderms and
all vertebrates.

®' Fifth: Segmentation (Segmentation)

Segmentation allows animals to have greater flexibility of movement and to distribute

vital Functions among body segments, providing enhanced efficiency and adaptability.

Invertebrates are among the oldest and most widespread organisms in the animal

kingdom, representing the majority of known species on Earth. They are characterized by

the absence of a vertebral column, unlike vertebrates, which possess an internal bony or

cartilaginous skeleton.

fSponges (Porifera):

"=

They are aquatic animals that lack true tissues.

Composed of two layers:

a. Outer layer: Made up of collar cells (choanocytes) with fFlagella.

National Science and Mathematics Olympiad
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b. Inner layer: Consists of epithelioid-like cells that provide
protection to the sponge.

- Feeding: Food enters through lateral pores (a process known as

Feeding and

. . Filter Feeding).
Digestion
- Digestion: Occurs within the cells (intracellular digestion).

Through the osculum (exhalant opening).

Adult sponges are sessile, meaning they are attached to rocks and
Form colonies.

Internal, composed of spicules, spongin fibers, or both.

. - Asexual: By fragmentation or budding.
Reproduction
- Sexual: Through male and fFemale gametes.

They lack a nervous system; epithelial cells are responsible For
Response

response to stimuli.

m May be Free-living or symbiotic.

© Choanocytes. The spongocoel is lined
with flagellated cells called choanocytes.
By beating flagella, the choanocytes create
a current that draws water in through the
pores and out through the osculum.

Food particles

in mucus Choanocyte

Collar

Sponge from the Bay of Fundy (Polymastia
mammillaris)

0 Spongocoel. Water
passing through pores
enters a cavity called the
spongocoel.

Flagellum Phagocytosis of

food particles Amoebocyte

o Pores. Water enters the
sponge through pores
formed by doughnut-
shaped cells that span

the body wall.

@ The movement of a choanocyte's
flagellum also draws water through its
collar of finger-like projections. Food
particles are trapped in the mucus
that coats the projections, engulfed by
phagocytosis, and either digested or

© Epidermis. The outer transferred to amoebocytes.

layer consists of tightly

packed epidermal cells. @ Amoebocytes. These cells can

transport nutrients to other cells of
the sponge body, produce materials
for skeletal fibres (spicules), or
become any type of sponge cell

as needed.

o Mesohyl. The wall of
this sponge consists of

two layers of cells separated
by a gelatinous matrix, the
mesohyl (“middle matter”).

Figure 37 Anatomy of a sponge. In the main diagram, portions of the

front and back wall are cut away to show the sponge’s internal structure.

anidarians (Coelenterates): !i

Aquatic animals that possess tissues and exhibit radial symmetry, some of which are

distinguished by bright colors and beautiful shapes.

National Science and Mathematics Olympiad @
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Composed of two layers:

a. Outer layer: Provides protection and contains stinging cells (cnidocytes).
b. Inner layer: Forms the gastrovascular cavity, responsible for digestion

- Feeding: Through tentacles; stinging cells paralyze prey, and tentacles
Feeding and move it to the mouth.

Digestion - Digestion: Extracellular, occurring in the gastrovascular cavity with the

help of digestive enzymes.

m Through the mouth opening, which serves a dual function.
m Slow and can occur in all directions.

External, provided by stinging capability.
- Asexual: By budding.

BTG TGG R - Sexual: Life cycle includes two stages an asexual polyp stage and a sexual

medusa stage.

Free-living Forms such as jellyfish; colonial Forms such as corals and sea

anemones; some live in symbiotic relationships with other marine organisms.

Thread —!

!

/

SR R
T&mmd

Cnidocyte \couec)

Figure 38 Cnidocyte of a hydra. This type of cnidocyte contains a stinging capsule called a nematocyst, which holds a coiled

thread. When the “trigger” is stimulated by touch or specific chemicals, the thread shoots out, piercing the prey’s cuticle and

injecting toxins into it.

National Science and Mathematics Olympiad



gouL

s NSMO

. aLogo aglall sL__yialgi

Mi-\.liSlH\ of EuuCLI(JJIi?s MaWhiba '_,lbgjl CIIJ__JaleJlg
fFlatworms (Platyhelminthes): !i

Bilaterally symmetrical animals lacking a body cavity (acoelomates).

Flattened in shape, consisting of a head region and a group of internal
organs.

Feeding: Free-living flatworms feed through a pharynx, while parasitic

Feeding and ) .
Flatworms use suckers and hooks to obtain nutrients.

Digestion

Digestion: Extracellular digestion.

Respiration, o ) ) ) )
Respiration and circulation: Occur by diffusion.

Circulation, and

. Excretion: Carried out by Flame cells.
Excretion

m Parasitic species: Move by muscle contraction.
The nervous system consists of two longitudinal nerve cords connected
Response ) .
to lateral nerve ganglia. Possess eyespots that detect light.

- Asexual: By regeneration, where a separated body part can reform

Free-living species: Move by gliding.

. missing parts and develop into a new individual.
Reproduction ) )
- Sexual: Occurs when two worms meet, each exchanging sperm with

the other.

m Can be Free-living or parasitic.

FRoundworms (Nematodes): !i

They possess a pseudocoelom and have an unsegmented cylindrical body.

[ apee | Descrpion
m Possess a pseudocoelom and a cylindrical, unsegmented body.

- Can be free-living or parasitic.

Feeding - Digestion: External digestion in both free-living and parasitic

Forms. Have a simple digestive system.

Respiration and ) i
. . Occur by diffusion.
Circulation
m Through flame cells.
Possess a nervous system.

National Science and Mathematics Olympiad @




tovs.  Lees® gou

RO - NSMO
. aLogo aglall sL__yialgi
Mi-\.liSlH\ of EuuCLI(JJIi?s MaWhiba '_,lbgjl CIIJ__JaleJlg

Sexes are separate (male and female); reproduction is sexual with

Reproduction
internal Fertilization.

m By muscle contraction.

‘ Figure 39 Structure of Roundworms

iMoIIusks (Phylum Mollusca): !i

Mollusks are soft-bodied invertebrates, many of which are protected by a hard external
shell. They have a muscular Foot For movement, a visceral mass containing internal

organs, and a mantle that may secrete the shell. Examples include snails, clams, and

Caseee | deerpion
Have a soft, true body usually protected by a shell (mantle) and possess
a muscular Foot. The shell (mantle) is formed by a membrane that

octopuses.

secretes calcium carbonate.

. Feeding: Through a mouth equipped with rows of teeth on a rasping
Feeding and

. . structure called a radula; some also have tentacles.

Digestion

Digestion: Extracellular, occurring within a complex digestive system.

- Aquatic mollusks: Through gills.

Respiration

- Terrestrial mollusks: Through the lining of the mantle cavity.

- Slow-moving mollusks: Have an open circulatory system (e.g, snail,
clam).
- Fast-moving mollusks: Have a closed circulatory system (e.g, octopus,
squid).
m Through nephridia (ciliated excretory tubes).

m - Slow species: Move using the muscular Foot (e.g, snail, clam).
National Science and Mathematics Olympiad
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Fast species: Move using a siphon, as in octopuses and squids the
siphon is an internal cavity that expels water Forcefully, propelling
the animal at high speed.

Aquatic mollusks: Sexual reproduction with external Fertilization.

Reproduction

.-—,--.-idium. Excretory organs
called nephridia remove metabolic
wastes from the hemolymph.

Visceral mass

- Terrestrial mollusks: Sexual reproduction with internal Fertilization.

Heart. Most molluscs have an open circulatory
system. The dorsally located heart pumps
circulatory fluid called hemolymph through arteries
into sinuses (hemocoel). The organs of the mollusc
are thus continually bathed in hemolymph.

The long digestive tract is

Coelom

The nervous system
consists of a nerve
ring around the
esophagus, from
which nerve cords
extend. Foot Nerve

cords

Hemocoel

coiled in the visceral mass.
Intestine

Radula. The mouth
region in many
mollusc species
contains a rasp-like
feeding organ
called a radula. This
belt of backward-
curved teeth
repeatedly thrusts
outward and then
retracts into the
mouth, scraping
and scooping like a
backhoe.

Esophagus

Figure 40: Visceral mass ‘

Figure 41 Giant Clam

National Science and Mathematics Olympiad

¥ Figure 33.20 Anatomy of aclam. Food particles suspended in
water that enter through the incurrent siphon are collected by the gills
and passed via cilia and the palps to the mouth.

Hinge area _ Co¢lom

Mantle Gut | Heart Adductor musce
| EETEY {one of two)

Digestive X0
Pl

Gill Incurrent
sphon

Hemacoel

‘ Figure 42 Anatomy of a clam
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FAnneIids (Segmented Worms)

Feeding and

Digestion

Respiration

muscle. Earthworms coon
of these two sets of musd

structures are repeated |
within each segment of
the earthworm.

Chaetae. Each segment
has four

Giant Australian earthworm

Cerebral ganglia. The earthworm
n

like

the pharynx

connects to a subpharyngeal
ganglion, from which a fused pair
of nerve cords runs posteriorly.

A Figure 33.27 Anatomy of an
carthworm, a sedentarian.

EArthropods:

he
Many of the internal \(

1 /

="

= = R

Cylindrical body divided into segments, each containing structures for
movement, digestion, and excretion. Some body segments are
specialized for Functions such as sensation and reproduction. Most
annelids are hermaphroditic.

- Feeding: Through the mouth.

- Digestion: Extracellular, within a complex digestive system. Some
annelids possess crop chambers for storage and a gizzard for grinding
food.

Terrestrial annelids: Through diffusion across the body surface. Aquatic

annelids: Through gills.

Have a closed circulatory system.

By means of nephridia (ciliated excretory tubes).

Through muscle contraction.

Possess a nervous system concentrated in the anterior body segments.

- Asexual: By regeneration.

- Sexual: Internal fertilization occurs From the clitellum region.

Coelom. The coelom
of the earthworm Is
partitioned by septa segment

Metanephridium. Each

<o
ex ed

Epidermis  Cutile o
\ / di m

\, Circular th

I e blood and coelomic
\ musce | fluld through exterior
¢ pores.

B /*,_ Anus

%,

Tiny blood
vessels are
bundant

Clitellum

> Metanephridium

Esophag
\

Intestine

Figure 43 Anatomy of an earthworm, a sedentarian

Ventral nerve cords with segmental
ganglia. The nerve cords penetrate the
septa and run the length of the animal,
as do the digestive tract and
longitudinal blood vessels.

!
The dirculatory system, a

is closed. T ve
linked by s

s of vessel me of
which are muscular and pump blood through
the circulatory system,

T

Arthropods are invertebrate animals with segmented bodies, jointed appendages, and a

hard exoskeleton made of chitin.

National Science and Mathematics Olympiad
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- Bodydivided into: 1. Head, Thorax, Abdomen or 2.Cephalothorax,

Abdomen.

- Possess a hard external skeleton (exoskeleton) made of chitin,
which gives body support and shape.

- Have jointed appendages (legs and antennae), which is why they
are called arthropods.

- Undergo molting (shedding the old exoskeleton and forming a

larger new one).

Feeding: Varies among species but all have a mouthpart called the

Feeding and
. . mandible, used for biting, cutting, or grasping food.
Digestion

Digestion: Extracellular, within a complex digestive system.

Gills (e.g., lobsters).

Respiration Tracheal tubes (e.g, beetles).

Book lungs (e.g, spiders).
e [(alE1{T B Have an open circulatory system.
Through Malpighian tubules.

Walking, swimming, jumping, or fFlying depending on the species.

Possess compound eyes for vision and tympanum (eardrum) for
Response
hearing.

ST E Sexual reproduction with internal Fertilization.
EEchinoderms: !i

They are marine invertebrates with radial symmetry, a spiny skin, and an internal

calcium-based skeleton.

T

Marine organisms with bodies covered in spines, an internal
Water

Vascular

supporting skeleton, and radial symmetry.

A unique system in echinoderms consisting of water-Ffilled canals
that begin at the madreporite and end at the tube feet.

System

National Science and Mathematics Olympiad
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- Feeding: Through the mouth, using various methods depending on

Feeding and

. : the species.
Digestion

- Digestion: Extracellular, within a digestive tract.

Through the tube feet.
m Via the water vascular system.
m By diffusion through the tube feet.
Controlled by the nervous system.

. - Asexual: By regeneration.
Reproduction L
- Sexual: By external Fertilization.

fl nvertebrate Chordates: !i

They are animals that have a notochord (a flexible supporting rod) at some stage of their

life but lack a backbone.

N

- Dorsal notochord.

- Post-anal tail.

o EIEld G HAER - Dorsal tubular nerve cord.

- Pharyngeal pouches (qill slits).
- Primitive thyroid gland.

1. Lancelets (Cephalochordates).

Types )
2. Tunicates (Urochordates).

= - Robert Brons/Biological Photo Service
Y Figure 34.5 A tunicate, a urochordate. £

Notochord Water flow

Incurrent:
siphon
to mouth

Excurrent
Dorsal, hollow

nerve cord

Tail

Excurrent Excurrent

siphon siphon
Muscle <4 | y
segments ecirent

siphon
Intestine
Stomach

Pharynx with slits

(a) A tunicate larva is a free-swimming but (b) In the adult, prominent pharyngeal slits (c) An adult tunicate, or sea squirt, is a
nonfeeding “tadpole” in which all four function in suspension feeding, but other sessile animal (photo is approximately
main characters of chordates are evident. chordate characters are not obvious. life-sized).

Figure 44: A Tunicate, aurochorodate

National Science and Mathematics Olympiad
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FCharacteristics of Vertebrates:
1. Internal skeleton (Endoskeleton): Provides support,

protection, and aids in movement.

2. Well-developed nervous system: Includes a brain and
spinal cord.

3. Specialized sensory organs: Enable response to

environmental stimuli.

Figure 45: Fishes

4. Integrated internal systems: Such as a closed circulatory
system, respiratory system, and excretory system.
5. Reproductive diversity: Includes both internal and external Fertilization, and
reproduction may be oviparous (egg-laying) or viviparous (live-bearing).
i 1. Fishes
Fishes are the oldest and most numerous vertebrates in the animal kingdom. They are
adapted to aquatic life through the presence of gills For respiration and fins for

movement.

A. Body Structure

The body is streamlined, helping in swimming and reducing water

resistance. It is usually divided into three main regions: 1. Head 2.
Trunk 3.Tail
The external skin is covered with scales, which vary in shape and
structure depending on the class:

- In cartilaginous fishes (Chondrichthyes): rough placoid scales

Body
resembling teeth.

Covering

- In bony fishes (Osteichthyes). smooth and flexible cycloid or
ctenoid scales. The skin also contains mucous glands that secrete a

slimy substance to reduce water friction.

National Science and Mathematics Olympiad
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Provides support, protection, and aids in movement. Its composition

differs by Fish type:

L SN E - Cartilaginous skeleton in sharks, rays, and skates.

- Bony skeleton in bony Fishes like tilapia and tuna. The vertebral

column consists of distinct vertebrae.

External appendages used For movement and balance in water. Types:

1. Paired fFins: pectoral and pelvic fins./ 2. Unpaired fFins: dorsal, anal,

and caudal Fins.

Composed of strong segmented muscles. Sequential contraction from

head to tail produces wave-like motion For swimming.

S EICI A Fish breathe using gills. Water enters through the mouth, passes over
System the gills where oxygen is absorbed and carbon dioxide is released.

A closed circulatory system with a two-chambered heart:

Circulatory - Atrium
System - Ventricle The heart pumps blood to the gills fFor oxygenation, then

to the rest of the body.

Fairly well-developed, consisting of a small Forebrain and a spinal cord

extending through the vertebral column. Specialized sensory organs

Nervous include:

System - Lateral line detects vibrations and water movement.

- Eyes adapted for underwater vision.

- OlFfactory and taste organs for smell and taste.

Found in most bony fishes, it helps control buoyancy in water. Absent

SR ERLGEE in cartilaginous Fishes, which rely on continuous swimming to avoid

sinking.

ISR R The digestive tract is complete, extending From mouth to anus. Fish
Excretory possess kidneys that remove liquid wastes and regulate salt and water
Systems balance in the body.

Fish vary in their diet depending on their environment and mouth

Feeding
Method

structure:

- Carnivorous fishes (e.g., sharks) have sharp teeth for tearing flesh.

National Science and Mathematics Olympiad
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- Herbivorous fishes feed on plants and algae.

- Filter-feeding Fishes absorb Food particles from water, as seen in
some bony fishes.

The digestive system is complete, starting from the mouth and ending

at the anus, and is adapted to the type of food consumed.

Most Fishes are dioecious (separate sexes) and undergo external

Fertilization in water, where females lay eggs and males fertilize

them. Some species, such as sharks, exhibit internal

Reproduction

Fertilization. Modes of reproduction vary:
- Oviparous: Eggs are laid outside the body.

- Viviparous: Embryos develop inside the Female's body until birth.

i 2, Amphibians:
Creatures that begin their life in water and Iater live on land after completing their
development.

e | ot

- Feeding: Free-living.

GECILEELLE - Digestion: External; they possess a complex digestive system that
Digestion ends in a cloaca, a chamber that receives digestive wastes, urine,
and reproductive cells (eggs or sperm) before leaving the body.

- Waste materials are filtered From the blood through the kidneys,

releasing ammonia or urea as byproducts of cellular metabolism.
. - The nervous system consists of a spinal cord and a brain (as in
Brain and )
other vertebrates). The lateral line system helps detect
Senses . . .
movement and vibrations in water.
- Larvae: Breathe through skin or gills.
(el - Adults: Breathe through lungs, moist skin, or the lining of the
mouth cavity.
- Have a double circulatory system:

1. First circuit: Deoxygenated blood moves from the heart to the

Circulatory

lungs.
System
v 2. Second circuit: Oxygenated blood moves from the lungs to

the body.
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- The heart has three chambers: two atria and one undivided
ventricle.

- Possess a brain and are ectothermic (cold-blooded).
Brain and - Have a nictitating membrane, a transparent eyelid that protects
Sensory the frog's eyes in water and on land.
Organs - Amphibians also possess a tympanic membrane (eardrum) for
hearing.
- External fFertilization.
- Eggsare:

" Without shells or protective coverings, making them prone to

Reproduction

: drying out.
an
" Covered with ajelly-like substance that helps them adhere to

evelopment .
Developme aquatic plants.

®" The developing embryo feeds on the yolk until it hatches into

a tadpole stage.

i 3, Reptiles:
They are cold-blooded vertebrates covered with dry, scaly skin that helps prevent water
loss.

Che | ot

Layers of the egg From inside to outside:

o a) Amnion: Provides protection for the embryo.
Amniotic Egg
b) Allantois: Stores metabolic waste.
(Structure .
c) Chorion: Allows oxygen exchange.
and Layers)

d) Yolk sac: Stores nutrients.

e) Leathery shell: Protects the egg from drying out.
- Importance: Prevents water loss and protects against
Dry, Scaly dehydration.

Skin - Issue: The tough skin limits growth, so reptiles like snakes

periodically shed their skin.
LI EELS - Feeding type: Mostly carnivorous, some herbivorous or

Digestion omnivorous.
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- Digestion: The digestive system is similar to that of amphibians
and Fishes.

Excrete semi-solid wastes (uric acid) through the kidneys to conserve

water.

- Organ: Lungs.

CEElEL B - Mechanism: Air is inhaled through inspiration and exhaled
through expiration.

- The heart consists of three chambers, except in crocodiles, which

Circulatory have Four chambers, allowing separation of oxygen-rich and
System oxygen-poor blood.

- Reptiles are ectothermic (cold-blooded).

- The brainis larger than that of amphibians.

Brain and

- Vision is the primary sense. Some reptiles lack eardrums.

Senses

- Snakes possess Jacobson's organs in the mouth to detect smells.

Some reptiles have limbs For locomotion, while others move by

muscular contractions during slithering.

Internal Fertilization. Most Females lay eggs in soil, while some

Reproduction

snakes and lizards retain eggs inside their bodies until hatching.

i 4, Birds:
are warm-blooded vertebrates covered with feathers, possessing wings, beaks, and
lightweight bones adapted for Flight.

T

- Specialized skin outgrowths made of keratin protein.

- Functions: Enable flight and provide thermal insulation (aided by oil
secreted from the tail gland, which is spread along feathers with the
beak to restore structure and resist water).

- Types:

a) Contour Feathers: Have a central shaft with barbs and barbules linked

by hooks; cover the wings, body, and tail.
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Respiration

Circulation

Feeding and

Digestion

Brain and

Senses

Reproduction

b) Down Feathers: Soft feathers beneath contour feathers that trap air

and keep the body warm.

Lightweight due to air cavities and bone fusion For increased rigidity.
Large chest muscles (about 30% of body weight).

The sternum (breastbone) is large and has a keel for the attachment of

Flight muscles.

Birds have high oxygen consumption required for fFlight. Their respiratory

system Features:

- Larger air capacity than reptiles.
- One-way airflow through the lungs.

- Air sacs that allow breathing even during flight.

Heart has Four chambers (like crocodiles). Birds are warm-blooded

(endothermic), unlike reptiles.

Feeding: With a beak, using methods such as piercing, sucking,
scooping, crushing, or hunting no teeth for chewing.

Have a crop For food storage.

Possess a gizzard containing small stones to grind food with the help
of strong muscles.

Kidneys convert nitrogenous wastes into uric acid (as in reptiles).
Possess a cloaca that reabsorbs water.

No urinary bladder, reducing weight for Flight.

The brain is large relative to body size. Birds have excellent hearing
owls can detect even the faintest sounds in darkness.

Vision is highly developed; eyes Face forward to enhance depth
perception.

Internal Fertilization.

Activities include territory selection, mate choice, courtship behavior,
nest building, egg incubation, and feeding chicks.

The ostrich is the largest bird.

Some birds, like penguins and ducks, have adaptations for swimming.
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®  5.Mammals:
are warm-blooded vertebrates that have hair or fur covering their bodies, breathe
through lungs, and nourish their young with milk produced by mammary glands.

R

- Mammals can be herbivores, insectivores, carnivores, or

omnivores.
Feeding and
. . - Herbivores have a longer digestive tract and a larger cecum than
Digestion
carnivores because digesting fibers is more difficult than
digesting meat.
The kidneys are responsible for:
- Removing metabolic wastes.
- Maintaining Fluid balance.
- Filtering blood from urea.
- Regulating water levels in body Fluids, especially in desert
mammals.
- Characterized by the presence of a diaphragm, a muscular sheet
Respiration
below the lungs separating the thoracic and abdominal cavities.
The heart has fFour chambers (as in birds and crocodiles), allowing
complete separation of oxygenated and deoxygenated blood.
The brain is large and highly developed.

3) Cerebrum: The outer folded cortex increases surface area for
neural connections, coordinating conscious activities, memory,
and learning.

b) Cerebellum: Responsible for balance and movement
coordination.

- Movement helps mammals find food, shelter, and escape
predators.
- Examples: Running (wolf), jumping (kangaroo), swimming (dolphin),

Flying (bat).

Groups of specialized cells that secrete substances used in other

parts of the body (e.g, mammary glands, sweat glands, oil glands).
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Chapters'o Exercises Q

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

classification system differ from each other on the basis of

A How widely the organisms assigned to each are distributed throughout the
environment

B The body sizes of the organisms assigned to each

C Theirinclusiveness.

D Therelative genome sizes of the organisms assigned to each.

2) Which of the taxonomic ranks cannot include multiple species?

A Genus.
B Species.
C Family.
D Phylum.

3) Regarding prokaryotic reproduction, which statement is correct?

A Prokaryotes Form gametes by meiosis.

B Prokaryotes feature the union of haploid gametes, as do eukaryotes

C Prokaryotes exchange some of their genes by conjugation, the union of haploid
gametes, and transduction.

D Mutationis a primary source of variation in prokaryote populations.

4) If new genetic variation in the experimental populations arose solely by spontaneous

mutations, then the most effective process for subsequently increasing the prevalence

of the beneficial mutations in the population over the course of generations is

A Transduction

B binary fission.

C Conjugation

D Transformation

5) Which of the following use light energy to synthesize organic compounds from CO;?

A Photoautotrophs

B Photoheterotrophs

C Chemoautotrophs

D Chemoheterotrophs that perform decomposition
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6) Protists are alike in that all are:
A Unicellular

B Eukaryotic

C Symbionts

D Monophyletic

7) An individual mixotroph loses its plastids, yet continues to survive. Which of the

Following most likely accounts For its continued survival?

A It relies on photosystems that Float Freely in its cytosol.

B It must have gained extra mitochondria when it lost its plastids
C It engulfs organic material by phagocytosis or by absorption.

D It has an endospore.

8) Which process results in genetic recombination, but is separate From the process

wherein the population size of Paramecium increases?
A Budding
B Meiotic division
C Mitotic division
D Conjugation
9) Which of the Following most closely represents the male gametophyte of seed-
bearing plants?
A Ovule
B Microspore mother cell
C Pollengraininterior
D Embryo sac
10) Gymnosperms differ from both extinct and extant ferns because they
A Arewoody

B Have macrophylls

C Have pollen
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D Havesporophylls

11) Generally, wind pollination is most likely to be found in seed plants that grow

A Closetothe ground

B Indense, single-species stands

C Inrelative isolation from other members of the same species

D Inwell-drained soils.

12) Which of the Following do all fungi have in common?

A Meiosis in basidia

B Coenocytic hyphae

C Sexuallife cycle

D Absorption of nutrients

13) IF all fungi in an environment that perform decomposition were to suddenly die,
then which group of organisms should benefit most, due to the Fact that their fungal
competitors have been removed?

A Plants

B Protists

C Prokaryotes

D Animals

14) Which of the Following is a characteristic of hyphate fungi (Fungi Featuring
hyphae)?

A They acquire their nutrients by phagocytosis.

B Their body planis a unicellular sphere.

C Their cell walls consist mainly of cellulose microfibrils.

D They are adapted for rapid directional growth to new Food sources.

15) Both animals and fungi are heterotrophic. What distinguishes animal heterotrophy
From Fungal heterotrophy is that only animals derive their nutrition

A From organic matter

B By preying on animals

C Byingestingit

D By usingenzymes to digest their food
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16) Which of the Following is (are) unique to animals?

A Cells that have mitochondria

B The structural carbohydrate, chitin

C Nervous conduction and muscular movement

D Heterotrophy

17) Soon after the coelom begins to form, a researcher injects a dye into the coelom
of a deuterostome embryo. Initially, the dye should be able to flow directly into the
A Blastopore

B Blastocoel

C Archenteron

D Pseudocoelom

18) Which of the following is true of members of the phylum Cnidaria?

A They are not capable of locomotion because they lack true muscle tissue.

B They are primarily filter Feeders.

C They may use a gastrovascular cavity as a hydrostatic skeleton.

D They are the simplest organisms with a complete alimentary canal

19) Many of which of the Following annelid classes are parasites?

A Oligochaeta

B Polychaeta

C Hirudinea

D Allthree of these

20) Nematode worms and annelid worms share which of the following features?
A Use of fluid in the body cavity as a hydrostatic skeleton

B Ecdysis

C Presence of a circulatory system

D Presence of segmentation

21) Which of the Following is a shared characteristic of all chordates?

A Scales

B Jaws

C Vertebrae
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D Dorsal, hollow nerve cord

22) The endoskeletons of most vertebrates are composed of calcified

A Cartilage
B Silica

C Chitin

D Dentin

23) Which of these characteristics added most to vertebrate success in relatively dry

environments?

A The amniotic egg

B Two pairs of appendages
C Claws

D A four-chambered heart

Answer keys For exercises

3 4 5 6 7 8 9 10 1 12
C B D B A B C D C C B D
13 14 15 16 17 18 19 20 21 22 23
C D C C C C C A D A A
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ﬂ Exo am

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 fFlower with

more than one separate carpel, each forming a Fruit.

Gen n s paie o oo 3. Multiple Fruit, which develops from an inflorescence with
many dense florets, and the ovary walls are fused together into
one fruit.

1.If the fFlower shown in the diagram is Fertilized, which type of Fruit will be developed?

(1: stamen, 2: carpel, 3: pistil, 4: receptacle)

A simple fruit

An aggregate fruit

A multiple Fruit

O 0o ® >

A Fruit with many seeds

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

Larva
Pupa
Adult Female

Egg

Adult male

m O O @™ >

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
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fFertilizes the egg, resulting in a diploid (2n) chromosome number. The

zygote develops into ..(Hint: The Following figure indicates a Fertilized

egg)
Embryo A
Endosperm B
Carpel C
Ovule D

4. The various taxonomic levels (viz, genera, classes, etc.) of the hierarchical classification system
differ from each other on the basis of
How widely the organisms assigned to each are distributed throughout the environment. A
The body sizes of the organisms assigned to each. B
Their inclusiveness C
The relative genome sizes of the organisms assigned to each. D
5. Which two structures play direct roles in permitting bacteria to adhere to each other, or to other
surfaces?

1. Capsules

2. Endospores

3. Fimbriae

4. Plasmids

5. Flagella
1Tand 2 A
1Tand 3 B
2and 3 €
3and4 D

6. An individual mixotroph loses its plastids, yet continues to survive. Which of the Following most

likely accounts For its continued survival?

It relies on photosystems that Float freely in its cytosol. A
It must have gained extra mitochondria when it lost its plastids. B
It engulfs organic material by phagocytosis or by absorption. C
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It has an endospore. D

7.Which feature of cycads makes them similar to many angiosperms?
1. They have exposed ovules.
2. They have flagellated sperm.

3. They are pollinated by animals.

1only A
2only B
3only C
2and3 D

8. A biologist is trying to classify a newly discovered Fungus on the basis of the Ffollowing
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?

Deuteromycota A
Zygomycota B
Ascomycota C
Basidiomycota 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)

Turtle A
Earthworm B
Sea star C
Fish D

10. What distinguishes complete metamorphosis from incomplete metamorphosis in insects?
Presence of wings in the adult, but not in earlier life stages
Presence of sex organs in the adult, but not in earlier life stages

Radically different appearance between adults and earlier life stages

o o @™ >

OnlyAandB
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| v © € o) 1 Vv A 9
B A C B C C A B
| I I € o)
D B E C
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Ecology & Ethology
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Ecology is defined as a branch of the biological sciences concerned with the study of
interactions among living organisms and between organisms and their physical
environments. This Field seeks to understand species distribution and abundance, the flow
of energy within ecosystems, and the cycling of matter that sustains life on Earth.
Ecologists examine how biotic Factors—such as competition, predation, and symbiosis—
and abiotic Factors—such as temperature, light, water, and nutrient availability—shape the
structure and Function of ecological communities.

Modern ecology integrates concepts from physiology, behavior, evolution, and
environmental sciences to explain how organisms adapt to their environments and
respond to natural or human-induced changes. At the population level, ecology Focuses
on patterns of growth, reproduction, and survival. At the community level, it investigates
interspecific interactions and the processes that maintain biodiversity. At the ecosystem
level, it analyzes energy Flow, primary productivity, fFood webs, and biogeochemical cycles.
Ecology is central to addressing global environmental challenges such as climate change,
habitat Fragmentation, pollution, invasive species, and biodiversity loss. Through an
understanding of ecological principles, scientists can develop sustainable strategies for
natural resource management, design effective conservation programs, and predict how
ecosystems respond to environmental disturbances.

Overall, ecology provides a framework For understanding the complex and dynamic
relationships linking organisms to one another and to the Earth's physical systems. Its
insights form a cornerstone For maintaining ecosystem health, supporting human well-

being, and ensuring the long-term sustainability of natural environments.
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1. Understand how Earth’s climate varies with latitude and seasons, and examine the
factors contributing to rapid contemporary climate change.

2. Analyze the role of climate and environmental disturbances in regulating the
distribution, structural characteristics, and functional properties of terrestrial
biomes.

3. Describe the diversity, structure, and ecological roles of aquatic ecosystems, and
explain why they are considered dynamic systems that cover most of the Earth’s
surface.

4. Explain how species distributions are constrained by interactions between organisms
and the physical environment, and how this influences the Formation of ecological
niches.

5. Examine the interaction between environmental change and evolutionary processes,
and its role in shaping populations and biological communities over both short and
long timescales.

6. Link global climate patterns to patterns of biodiversity and understand how
environmental gradients influence species adaptation and distribution.

7. Evaluate the ecological significance of natural and human-induced disturbances—
such as Fires, storms, and human activities—in shaping ecosystem structure and

Function.
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Chapter One

Species distribution and design dynamics

National Science and Mathematics Olympiad



OB - NSMO

: duogo i
R . pglall sl __ualgl
LSS Mawhiba ibgll cilualyllg

Interactions between organisms and the environment limit the
distribution of species

' Dispersal and Distribution:
One of the major Factors contributing to the global distribution of organisms is dispersal
- the movement of individuals or gametes away from their areas of origin or from

centers of high population density.

i’ Behavior and Habitat Selection:

- Whenindividuals appear to avoid certain habitats, even when those habitats are
suitable, the distribution of the organism may be limited by habitat selection behavior.

- Forexample, larvae of the European corn borer can feed on a variety of plants but are
Found almost exclusively on maize, because egg-laying females are attracted to the
odors produced by this plant.

- Clearly, habitat selection behavior restricts this insect to geographical locations

where maize occurs.

m Biotic Factors:

EXPERIMENT W. J. Fletcher, of the University of Sydney, Australia, reasoned that if sea urchins are

Nega tive interactions with predators a limiting biotic factor in a particular ecosystem, then more seaweeds should invade an area from
which sea urchins have been removed. To isolate the effect of sea urchins from that of a seaweed-
. . . eating mollusc, the limpet, he removed only urchins, only limpets, or both from study areas adjacent
(organisms that kill their prey) or o2convolse
RESULTS Fletcher observed a large difference in seaweed growth between areas with and without
sea urchins.

herbivores (organisms that eat plants or
100 Both limpets and urchins
algae) often limit a species’ ability to * At

80

Removing both

. = Sea urchin Only urchins
survive and reproduce. * Remove
Z ool
g
1 e . 3
' Abiotic Factors: £ 40
A
| Only limpets removed
20
« Temperature Control (both urchins
and limpets present)
0 ¢ T T ¥
August February August February
* water and Oxygen 1982 1983 1983 1984
S I t CONCLUSION Removing both limpets and urchins resulted in the greatest increase in seaweed
° alini y cover, indicating that both species have some influence on seaweed distribution. But since removing

only urchins greatly increased seaweed growth while removing only limpets had little effect, Fletcher
concluded that sea urchins have a much greater effect than limpets in limiting seaweed distribution

-+ Sun I'g ht Figure 46: Impact of urchin and limpet removal on seaweed cover.

- Rocks and Soil
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Dynamic biological processes influence
population density, dispersion, and demographics.

&' Density and Dispersion:

- Density of a3 population is the number
of individuals per unit area or volume.
Example: The number of oak trees per
square kilometer.

- Dispersionis the pattern of spacing
among individuals within the boundaries
of a population.

- Density is not a fixed property; it
changes as individuals are added to or
removed from the population (see
Figure).

« Additions occur through birth (all Forms

4 wu
NSMoO
pglall sl_palgl
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%

Births Deaths

Deaths and emigration

Births and immigration remove individuals

add individuals to

a population from a population
Immigration Emigration

Figure 47: Factors that add or remove individuals from a

population.

of reproduction) and immigration, the influx of new individuals from other areas.

« Factors that remove individuals from the population include death (mortality) and

emigration, the movement of individuals out of the population to other locations.

&' Patterns of Dispersion:

1) Clumped

2) Uniform

3) Random

(c¢) Random

Figure 48: random pattern
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(a) Clumped

Figure 49: clumped pattern
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&' Survivorship Curves:

1,000

(b) Uniform

Figure 50: uniform pattern

100 +

Number of survivors (log scale)

50 100

Percentage of maximum life span

Idealized Growth Curves: Types|, Il,and lll.

The y-axis is logarithmic, and the x-axis is on a relative scale, allowing species with

widely varying life spans to be shown together on the same graph.

Figure 51: Survivorship curves: Types |, II,and lll
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The exponential model describes population growth in an idealized,
unlimited environment.
A population that grows exponentially
2,000 A
increases in size at a constant rate,
eventually producing a J-shaped growth s 1,500 4
curve when population size is plotted over 2
2 1,000
time (as shown in the Following Figure). =
o
500 -
Although the maximum rate of increase
remains constant, the population adds more 0 : . .
0 5 10 15

new individuals per unit of time when it is
large than when it is small; thus, the curves

in the Figure become steeper over time.

nears it is carrying capacity:

Number of generations

Population growth as predicted by the exponential model.

This graph compares the growth of two populations with

different values of rmax.

‘ Figure 52: Exponential growth curves ‘

The logistic model describes how a population grows more slowly as it !i

« The growth of some small animal
populations that can be raised in

laboratories—such as beetles and

crustaceans—and some microorganisms,

such as bacteria, Paramecium, and

yeasts, tends to Fit an S-shaped (sigmoid)

curve fairly well under conditions of
limited resources (as shown in the
Figure).

- These populations grow in a stable

Exponential
growth
> ) -

2,000 anN Sy
ot

3

Logistuc growth
1,500 - N

diN
ar VN (550

)
1,000 -

Population size (N

Population growth
begins slowing here

S00

o

o 5 10 15

Number of generations

Population growth as predicted by the logistic model: The
population’s growth rate decreases as its size (N) approaches the

environment’s carrying capacity (K). The red curve shows

population growth with rmax = 1.0 and K= 1500.

Figure 53: Exponential vs. logistic population growth.

environment with no predators and no competing species that might reduce their

growth, and such conditions are very rarely found in nature.

84



ST duego
pulc=tll a)lig Mawhiba

Ministry of Educatior

pff SOUL
NSMO
pglall sL—uolgi

Sibgll alualillg

fMany factors that regulate population growth are density dependent. !i

What environmental fFactors prevent populations
From growing indefinitely? Why are some
populations relatively stable in size, while others

are not?

i Population Change and Population Density:

IF emigration and immigration are equal, a
population increases in size when the birth rate
exceeds the death rate, and decreases when the

death rate exceeds the birth rate.

e Abirth rate or death rate that does not
change with population density is said to be

density independent.

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.

Equilibrium density (Q)

per capita —»

Density-independent
death rate (m)

Birth or death rate

7

Density-dependent
birth rate (b)

Population density ——

Determining population density equilibrium: This simple model considers only
birth and death rates (assuming that immigration and emigration rates are
zero or equal). In this example, the birth rate changes with population density,
while the death rate remains constant. At the equilibrium density (Q), the birth

and death rates are equal.

Figure 54: Birth and death rates determining

equilibrium density.

e |In contrast, a death rate that rises with increasing population density is said to be

density dependent, as is a birth rate that falls with increasing density.

f Mechanisms of Density-Dependent Population Regulation: !i

As population density increases, many density-dependent Factors act to slow or stop

population growth by reducing birth rates or increasing death rates:

1. Competition For Resources
2. Toxic Wastes

3. Predation

4. Intrinsic Factors

5. Territoriality

6. Disease
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Chapter Two

Community Ecology
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ECommunity Ecology -

Community interactions are classified by whether they help, harm or have no effect
on the species involved:
The main relationships in an organism’s life are its interactions with individuals of
other species in the community. These interspecific interactions include
competition, predation, herbivory, and symbiosis (which encompasses parasitism,
mutualism, and commensalism).
We use the symbols + and - to indicate how each interaction affects the survival and
reproduction of the two species involved.
For example, predation is a —/+ interaction, having a positive effect on the survival
and reproduction of the predator population and a negative effect on the prey
population.
Mutualism is a +/+ interaction, because the survival and reproduction of both species
are increased in the presence of the other.
A Oindicates that the population is unaffected by the interaction in any known way.
Historically, most ecological research has focused on interactions that have a
negative effect on at least one species, such as competition and predation. However,
positive interactions are widespread, and their contributions to community

structure are now being extensively studied.

Competition:
Interspecific competitionis a (-/-) interaction that occurs when individuals of
different species compete for a resource that limits their growth and survival.
Weeds growing in a garden compete with garden plants for soil nutrients and water.
Grasshoppers and cattle on the Great Plains compete for grass, which both consume.
Lynx and Foxes in the northern forests of Alaska and Canada compete For prey such
as hares.

- Competitive Exclusion

- Ecological Niches and Natural Selection
As a result of competition, the Fundamental niches of species — the potential niches
they could occupy — often differ from their realized niches, which are the portions

of their fundamental niches that they actually occupy in a particular environment.
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- Character Displacement: As shown in the figure, finches have similar beak sizes
when they live in different habitats. However, on islands where their habitats overlap
(they live together), the species have evolved different beak sizes, with one adapted
to eat larger seeds and the other to eat smaller seeds. Such character displacement
plays an important role in reducing competition and promoting adaptation to

different parts of the environment.

Experiment ecologist Joseph Connell studied two barnacle species-Chthamalus stellatus and Balanus balanoides-that have a
stratified distribution on rocks along the coast of Scotland. Chthamalus is usually found higher on the rocks than Balanus. To
determine whether the distribution of Chthamalus is the result of interspecific competition with Balanus, Connell removed

Balanus from the rocks at several sites.

Results Chthamalus spread into the

High tide region formerly occupied by Balanus.
@ Chthamalus 9 g y occuplec by

A
& Balanus ) Chthamalus

realized niche

Figure 55: Competitive exclusion in barnacle niches

A. distichus perches on fence A. insolitus usually perches

/ G. fuligi posts and other sunny surfaces. on shady branches.
1l Los Hermanos . luliginosa
° Allopatric

Al l Islets

o & 8

8

Daphne Major
Island

A I F
San Cristdbal and
Floreana Islands

8 o

Individuals in Each Size Class (%)
N N
o [+
1

o
1

7 9 1 13 15
Finch Beak Depth (mm)

Figure 56: Character Displacement in Geospiza Finches||

Resource partitioning among lizards in the Dominican Republic: Seven species of

Two species of fFinches (Geospiza) have beaks of similar|

Anolis lizards live in close proximity and all feed on insects and other small arthropods.

|ength when they live in different habitats, but they However, competition for food is reduced because each species of lizard has a different
preferred habitar, and thus occupies a distinct ecological niche.
develop different beak sizes when they live together in Figure 57: Habitat partitioning among
e Dominican Anolis lizards.

m' Predation:
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Predation refers to a +/- interaction between species in which one species, the predator,

kills and eats the other, the prey.

i Herbivory

Ecologists use the term herbivory to describe a +/- interaction in which an organism eats

parts of a plant or alga.

i Symbiosis
When individuals of two or more species live in direct and close association with one

another, their relationship is called symbiosis, whether the interaction is harmfFul, helpFful,

or neutral.
. iti — Quaternary
Parasitism (+/ -) Sesloibal
« Mutualism (+/+)
. Carnivore
« Commensalism (+/0)
. . Tertiary
« Facilitation (+/+o0r0/+) SO
- Amensalism (0 /-
_ Secondary
&' Trophic Structure: prsimen
Carnivore
4
. The composition and dynamics of a :
Primary \
community also depend on the consumes o7y
. . . Zooplankton
feeding relationships among A
organisms — the trophic structure of 2 Primary
P A producers
the community. Plant Phytoplankton
. The transfer of Food energy through A terrestrial food chain A marine food chain

tro p h | C I eve I s — FrO m | ts source | n Examples of terrestrial and marine food chains: The arrows trace the flow of energy and

nutrients through the trophic levels of the community as living organisms feed on one

p | an ts an d fo) t h er au totro p h | c another. Decomposers, which feed on organisms from all trophic levels, are not shown here.

organisms (primary producers), Figure 58 Terrestrial and marine food chains across

trophic levels.

through herbivores (primary
consumers), to carnivores (secondary, tertiary, and quaternary consumers), and Finally

to decomposers — is referred to as the Food chain.
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Figure 59: A simplified terrestrial Food web

i Limits on Food Chain Length:
Most Food webs studied so Far contain
chains consisting of Five links or fewer.

- Why are food chains relatively short?

seals ‘

/

L& Birds Fishes =3  Squids o T

Carnivorous
plankton

e Nunsil

7w

cOpepodsfﬁ
AN o

plankton

Euphausids
(krill)

Marine food web in the Antarctic:The arrows trace the transfer of food
energy from producers (phytoplankton) through the various trophic

levels. For simplicity, decomposers are omitted from this diagram.

Figure 60: A simplified Antarctic marine food web

The reason lies in the energetic hypothesis, which states that the length of a food chain

is limited by the inefficiency of energy transfer along the chain. Only about 10% of the

energy stored in organic matter at each trophic level is converted into organic matter at

the next level. Thus, a producer level consisting of 100 kg of plant material can support

about 10 kg of herbivore biomass (the total mass of all individuals in a population) and

only 1kg of carnivore biomass.
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i Species with a Large Impact:

Some species have an especially large impact on the composition of entire communities

because they are extremely abundant or play a pivotal role in community dynamics.

The influence of these species is expressed through their feeding interactions and their

effects on the physical environment.

1. Dominant Species 2.Keystone Species 3. Ecosystem Engineers

fDisturbance influences species diversity and composition. !i

Disturbances can be of high intensity or low intensity. High-intensity disturbances
such as wildFfires, droughts, and Floods can have large-scale effects. Animals can also
cause major disruptions — for example, gypsy moths, which are capable of destroying an
entire Forest, or deer populations that grow explosively and devastate Forests through
overgrazing. In contrast, low-intensity disturbances affect small areas, such as a tree
fFalling in a Forest or an animal digging a hole near a plant's roots. The intermediate
disturbance hypothesis states that moderate levels of disturbance promote greater

species diversity than either low or high levels of disturbance.

(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
the ground.

‘ Figure 61: Fire recovery stages.
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' Ecological Succession:

Changes in the composition and structure of terrestrial communities are most evident
after severe disturbances, such as a volcanic eruption or glacial retreat, which remove all
existing vegetation. The disturbed area may then be colonized by a variety of species,
which are gradually replaced by others — a process known as ecological succession.

- Primary Succession: This process begins in a virtually lifeless area where soil has not yet
Formed, such as a newly formed volcanic island or on the rubble left behind by a
retreating glacier.

- Secondary Succession: This occurs when an existing community is cleared by a

disturbance that leaves the soil intact, such as after a fire.
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Chapter Three

Ecosystems and Restoration Ecology
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fEnergy, Mass, and Trophic Levels: Iﬁ_-\

. Ecologists group species in an ecosystem

Key

into trophic levels based on their feeding 56 Eheidodiie

Loss of heat—=* » Energy flow

relationships. \
P Primary producers \

. The trophic level that ultimately supports I N

all others consists of autotrophs, also (2 e Detritus _—
called the primary producers of the I 13

Microorganisms 'x \

ecosystem, such as photosynthetic teers and ther
organisms and chemosynthetic \: V4

4
.

prokaryotes.

. Herbivores are the primary consumers. ‘ Figure 62: Energy flow and chemical cycling in an ecosystem

. Carnivores that eat herbivores are the secondary consumers.
. Carnivores that eat other carnivores are the tertiary consumers.
. Consumers that obtain their energy from detritus (nonliving organic matter) are the

detritivores and decomposers.

fEnergy Transfer Between Trophic Levels is Typically Only 10% Efficient. @

& Production efficiency:

«  We begin by examining secondary production in a single organism — a caterpillar.

- When the caterpillar feeds on a leaf, only 33 joules out of 200 joules (or one-sixth of
the leaf's potential energy) are used for secondary production, or growth (see
Figure).

The caterpillar stores some of the remaining energy in organic compounds that will
be used for cellular respiration, while the rest passes out in its Feces.

- Theenergy in the fFeces remains temporarily within the ecosystem, but most of it is
eventually lost as heat after being consumed by detritivores.

« Theenergy used For the caterpillar's respiration is also ultimately lost from the
ecosystem as heat.

« Only the chemical energy stored by herbivorous animals as biomass—through

growth or reproduction—is available as food for secondary consumers.
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- We can measure the efficiency of animals as energy converters using the following

equation:

Net secondary production * 100%
Assimilation of primary production

Production efficiency =

Net secondary production is the energy stored in biomass that represents growth
and reproduction.

- Assimilation consists of the total amount of energy consumed and used For growth,
reproduction, and respiration.

« Thus, production efficiency is the percentage of assimilated energy that is stored in
Food used For growth and reproduction, rather than lost as respiration.
For the caterpillar in the previous figure, the production efficiency is 33%;

« 67 joules out of 100 joules of assimilated energy are used for respiration.

(The 100 joules of undigested energy lost as feces are not included in assimilation))

33 x 100%

Production effici Y BalS =
roduction eilriciency g & 100

Production efficiency is typically low in endothermic (warm-blooded) animals,
because they use much of their energy to maintain body temperature — usually only
1-3%.

Insects and microorganisms are more efficient, with average production efficiencies

of 40% or more.

&' Trophic EFficiency and Ecological Pyramid:

- Trophic efficiencies range from about 5% to 20% across different ecosystems, but on
average, they are only around 10%.

- In other words, 90% of the energy available at one trophic level is not transferred to
the next level. This loss is compounded along the food chain.

- IF10% of the available energy from primary producers is transferred to primary
consumers (such as caterpillars), and 10% of that energy is then transferred to
secondary consumers (carnivores), only 1% of the net primary production is available

to secondary consumers (10% of 10%).
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- This progressive loss of energy along the food chain limits the abundance of
carnivores at higher trophic levels that an ecosystem can support.

- Only about 0.1% of the chemical energy fixed by photosynthesis passes all the way
through the fFood web to a tertiary consumer, such as a snake or a shark.

- This explains why most Food webs contain only four or five trophic levels.

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

Tertiary
consumers 10 )

Secondary
consumers 100}
==
,EI. .

Primary e 3 A
producers 7§ )5 2 10,000 J
Y~

Primary
consumers

1,000,000 J of sunlight
Figure 63: An idealized energy pyramid showing trophic energy loss.

iological and Geochemical Processes Cycle Nutrients and Water in
Ecosystems

i Biogeochemical Cycles:
Because nutrient cycles involve both biotic and abiotic components, they are called

biogeochemical cycles.
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Biological importance Water is essential to all organisms,
and its availability influences the rates of ecosystem processes,
particularly primary production and decomposition in
terrestrial ecosystems.

Forms available to life All organisms are capable of
exchanging water directly with their environment. Liquid water
is the primary physical phase in which water is used, though
some organisms can harvest water vapor. Freezing of soil water
can limit water availability to terrestrial plants.

Reservoirs The oceans contain 97% of the water in the
biosphere. Approximately 2% is bound in glaciers and polar
ice caps, and the remaining 1% is in lakes, rivers, and
groundwater, with a negligible amount in the atmosphere.

Key processes The main processes driving the water
cycle are evaporation of liquid water by solar energy,
condensation of water vapor into clouds, and precipitation.
Transpiration by terrestrial plants also moves large volumes
of water into the atmosphere. Surface and groundwater flow
can return water to the oceans, completing the water cycle.

Figure 64: Water Cicle

Carbon Cycle

CO; in atmosphere
Photosynthesis

Photo-
synthesis

Cellular.
respiration

Decomposition

Biological importance Carbon forms the framework of
the organic molecules essential to all organisms.

Forms available to life Photosynthetic organisms utilize
CO, during photosynthesis and convert the carbon to organic
forms that are used by consumers, including animals, fungi,
and heterotrophic protists and prokaryotes.

Reservoirs The major reservoirs of carbon include fossil
fuels, soils, the sediments of aquatic ecosystems, the oceans
(dissolved carbon compounds), plant and animal biomass, and
the atmosphere (CO,). The largest reservoir is sedimentary
rocks such as limestone; however, carbon remains in this pool
for long periods of time. All organisms are capable of returning
carbon directly to their environment in its original form (CO,)
through respiration.

Key processes Photosynthesis by plants and phytoplankton
removes substantial amounts of atmospheric CO, each year.
This quantity is approximately equal to the CO, added to the
atmosphere through cellular respiration by producers and
consumers. The burning of fossil fuels and wood is adding
significant amounts of additional CO, to the atmosphere. Over
geologic time, volcanoes are also a substantial source of CO,.

Figure 65: Carbon Cycle
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Nitrogen Cycle

Biological importance Nitrogen is part of amino acids,
proteins, and nucleic acids and is often a limiting plant
nutrient.

Forms available to life Plants can assimilate (use) two

ganic forms of nitrog jum (NH4 +) and
nitrate (NO3 =)—and some organic forms, such as amino
acids. Various bacteria can use all of these forms as well as
nitrite (NO2 =), Animals can use only organic forms of
nitrogen.

Reservoirs The main reservoir of nitrogen is the
atmosphere, which is 80% free nitrogen gas (N2). The other
reservoirs of i ic and organic nitrog pounds are
soils and the sediments of lakes, rivers, and oceans; surface

water and ground ; and the bi of living
organisms.
Key pre The major pathway for nitrogen to enter an

y is via nitrogen fixation, the ¢ ion of N2 to
forms that can be used to synthesize organic nitrogen
compounds. Certain bacteria, as well as lightning and

ic activity, fix nitrog lly. Nitrogen inputs
from human activities now outpace natural inputs on land.
Two major contributors are industrially produced fertilizers
and legume crops that fix nitrogen via bacteria in their root
nodules, Other bacteria in soil convert nitrogen to different
forms. Examples include nitrifying bacteria, which convert
ammonium to nitrate, and denitrifying bacteria, which
convert nitrate to nitrogen gas. Human activities also
release large quantities of reactive nitrogen gases, such as
nitrogen oxides, to the atmosphere

Figure 66: Nitrogen Cycle

The Phosphorus Cycle

: T Biological importance Organisms require phosphorus as a
i ‘b e major constituent of nucleic acids, phospholipids, and ATP and
i other energy-storing molecules and as a mineral constituent of
bones and teeth.

Forms available to life The most biologically important
inorganic form of phosphorus is phosphate (PO,*), which plants
absorb and use in the synthesis of organic compounds.

Reservoirs The largest accumulations of phosphorus are in
sedimentary rocks of marine origin. There are also large quantities
of phosphorus in soil, in the oceans (in dissolved form), and in
organisms. Because soil particles bind PO,”, the recycling of
phosphorus tends to be quite localized in ecosystems.

Key processes Weathering of rocks gradually adds PO, to
soil; some leaches into groundwater and surface water and
may eventually reach the sea. Phosphate taken up by producers
and incorporated into biological molecules may be eaten by
consumers. Phosphate is returned to soil or water by either
decomposition of biomass or excretion by consumers. Because
there are no significant phosphorus-containing gases, only
relatively small amounts of phosphorus move through the
atmosphere, usually in the forms of dust and sea spray.

‘ Figure 67: The Phosphorus Cycle
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fRestoration Ecologists Return Degraded Ecosystems to 3 More Natural State: !i

Scientists around the world often use two main strategies: bioremediation and biological
augmentation.

' Bioremediation:

The use of living organisms, usually prokaryotes, fungi, or plants—to detoxify polluted
ecosystems, is known as bioremediation. It is a strategy aimed at removing harmful
substances from an ecosystem.

u' Biological Augmentation:

Biological augmentation uses living organisms to add essential materials to a degraded
ecosystem. For example, adding mycorrhizal fungi to the soil can enhance the growth of

many plants in that environment.
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Chapter Four

Human Activities Threaten Earth’s Biodiversity
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Extinction is a natural phenomenon that has
occurred since life First evolved; however, the
increased rate of extinction today is
responsible for the current biodiversity crisis.
There are three levels of biodiversity:

i Genetic Diversity:

.- Genetic diversity includes not only
individual genetic variation within a
population, but also genetic differences
between populations, often associated
with adaptations to local conditions.

. IF one population becomes extinct, the
species may lose some of the genetic
diversity that makes microevolution

possible.

. This erosion or reduction of genetic

£ Ty f : ”
e rl b g |

diversity in turn diminishes the species’ Figure 68: Levels of biodiversity: genetic, species, and

adaptive potential. ecosystem diversity

i Species Diversity
- Public concern about the biodiversity crisis is often Focused on species diversity,
meaning the number of species in an ecosystem.
.- The global extinction of a species means its loss from all ecosystems in which it once
lived.
i Ecosystem Diversity:
. The diversity of ecosystems on Earth represents the third level of biodiversity.
.- Because of the many interactions among different species within an ecosystem, the
extinction of populations of one species can have negative effects on other species in

the same ecosystem.

National Science and Mathematics Olympiad



'Q.O.I.Irlll

it NSMO
. aLogo aglall sL__yualgi
pul =il a)lig Mawhiba h_?ibg]l alualylig

Ministry of Education

i Threats to Biodiversity
- Habitat Loss
. Introduced Species
- Overharvesting

- Global Change
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Chapter Five

Animal Behavior
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FAnimaI Behavior-the how and why of animal activity. o

- Animal behavior, whether individual or group-based, fixed or variable, depends on
physiological systems and processes.

.- Anindividual behavior is an action performed by muscles under the control of the
nervous system in response to a stimulus.

- Examples include animals making sounds, releasing scents to mark their territory,
or waving their claws.

- Behavior is an essential part of acquiring nutrients and finding a mate fFor sexual
reproduction. Behavior also contributes to homeostasis - in short, all aspects of
an animal's physiology contribute to its behavior, and an animal's behavior affects

all of its organ Functions.
EDiscrete sensory inputs can stimulate both simple and complex behaviors

What approach do biologists use to determine how behaviors arise and what
Functions they serve?
The Dutch scientist Niko Tinbergen, a pioneer in the study of animal behavior,
proposed that understanding any behavior requires answering Four key
questions, summarized as Follows:
1. What stimulus triggers the behavior, and what physiological mechanisms
mediate the response?
2. How do an animal's experiences during growth and development influence
the response?
3. How does the behavior aid survival and reproduction?
4. What is the evolutionary history of the behavior?

«  How the behavior occurs — this refers to the proximate causation of behavior. To
analyze the proximate cause of a behavior, scientists might measure hormone
levels or record nerve activity. For example, a male songbird may sing during the
breeding season because rising levels of the male sex hormone testosterone bind
to receptors in the brain, triggering the singing behavior. This explanation
describes the proximate cause of male bird song.

- Why the behavior occurs — this refers to the ultimate causation of behavior. To

study ultimate causation, scientists aim to determine how the behavior influences

National Science and Mathematics Olympiad 104




tovs.  Lees® gouy

eatnalleniie - NSMO
. aLogo aglall sL__ualgi
Pr=tlala Mawhiba ihgll ailpalyylig

Ministry of Education

survival or reproductive success. A male songbird sings to defend his territory
From other males and to attract a female mate, which represents the ultimate
explanation For male bird song.

#' Fixed Action Patterns

- The scientist Niko Tinbergen conducted an experiment in which he kept

aquariums containing three-spined stickleback fish (Gasterosteus aculeatus).
Male sticklebacks with red bellies attack other males that invade their territories.
Tinbergen observed that the male sticklebacks also behaved aggressively when
he placed a red model in front of their tanks. He noticed that the red coloration on
the underside of any intruding object was
what triggered the attack behavior. Thus, a male stickleback will not attack a fish
that lacks a red underside (note that Female sticklebacks never have red bellies),

but it will attack even unrealistic models if they contain

.
- '
- - AN

Figure 70: Red-bellied intruder triggers aggressive behavior

in male stickleback."

‘ Figure 69: red-colored areas ‘
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&' Migration:
Many migratory animals travel through environments they have never previously visited.

How, then, do they find their way in these new places? What mechanisms have scientists

proposed for how animals detect Earth's magnetic Field?

‘ Figure 71: Migration of animals and birds

' Animal Signaling and Communication:
A stimulus that is transmitted From one organism to another is called a signal. The
sending and receiving of signals among animals constitutes communication, which often
plays a direct role in triggering behavior. The four common types of communication in
animals are:

« Visual

« Chemical

. Tactile (touch)

« Auditory (sound)
Most terrestrial mammals are nocturnal, making visual displays relatively ineffective.
Instead, these species rely on auditory and olfactory (smell) signals, which work just as
well in the dark as in the light. In contrast, most birds are diurnal (active mainly during the
daytime) and communicate primarily through visual and auditory signals.
® Pheromones:
Animals that communicate through smell or taste emit chemical substances called
pheromones. Pheromones are especially common among mammals and insects and are

often associated with reproductive behavior.
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&' Learning (Acquired Behavior):
In some species, the ability of offspring to recognize and identify a parent is essential for
survival. In young animals, this learning often takes the form of imprinting, which is the
establishment of a long-lasting behavioral response to a specific individual or object.
Imprinting can occur only during a specific developmental period, known as the sensitive
period.
& Associative Learning
« These studies usually involve either classical conditioning or operant conditioning.
- In classical conditioning, a random (neutral) stimulus becomes associated with a
particular outcome. The Russian physiologist Ivan Pavlov conducted early
experiments on classical conditioning, showing that if a bell was always rung
before feeding a dog, the dog would eventually salivate at the sound of the bell,
expecting food.
- In operant conditioning, also known as trial-and-error learning, an animal learns to
associate one of its behaviors with a reward or punishment and then tends to

repeat or avoid that behavior accordingly.

Cognition and Problem Solving

- The most complex Forms of learning involve cognition—the process of knowing,
which includes awareness, reasoning, memory, and judgment.

- Although it was once believed that only primates and some marine mammals
possessed higher-level thinking processes, many other groups of animals—
including insects—have demonstrated cognitive abilities in laboratory studies.

®' Social Learning:

Many animals learn to solve problems by observing the

behavior of other individuals. This type of learning through

observation is called social learning.

&  Mating Behaviors and Mate Choice:

i iori ; indivi : Figure 72: Social learning in
Just as foraging behavior is essential For individual survival, 2 : ngt

chimpanzees.

mating behavior and mate choice play a key role in
determining reproductive success. These behaviors include seeking or attracting mates,

choosing among potential partners, competing for mates, and caring For offspring.
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' Mating Systems and Sexual Dimorphism:

(a) Monogamy (one male, one female)
NS ;

(b) Polygyny (one male, multiple females) (c) Polyandry (one female, multiple males)
- WA
X ))

AT N

In monogamous species, such Among polygynous species, In polyandrous species, such
as these western gulls (Larus such as elk (Cervus as these red-necked
occidentalis), males and canadensis), the male (right) phalaropes (Phalaropus
females are often difficult to is often highly ornamented. lobatus), females (right) are
distinguish using external generally more ornamented
characteristics only. than males.

Figure 73: Examples of monogamy, polygyny, and polyandry in animals.

' Sexual Selection and Mate Choice:
Sexual dimorphism results from sexual selection, a form of natural selection in which
differences in reproductive success among individuals arise from differences in their
mating success.
&' Altruism:
Another example of altruistic behavior occurs in honeybee societies, where the workers
are sterile. The workers themselves never reproduce but labor on behalf of a single
fFertile queen. Moreover, the workers sting intruders, a behavior that helps defend the
hive but results in the death of the workers themselves.
&' Reciprocal Altruism:
Some animals sometimes behave altruistically toward nonrelatives. For example, a
baboon may help an unrelated companion in a Fight, or a wolf may share food with
another wolf even though they are not kin. Such behavior can be adaptive if the aided
individual later reciprocates the favor.

- Reciprocal altruism is rare among animals and is largely limited to species (such as

chimpanzees) with stable social groups, where individuals have many

opportunities to exchange acts of aid.
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. Itis generally thought to occur when individuals are likely to meet again, and
when there are negative consequences for Failing to return Favors to those who
have helped in the past — a pattern of behavior scientists refer to as “cheating.”

Since cheating can provide great benefits to the cheater, how can reciprocal altruism
evolve? Game theory offers a possible answer in the form of a behavioral strategy
known as “tit For tat."
In the tit-For-tat strategy, an individual treats another in the same way it was
treated during their previous interaction.
Individuals Following this strategy are always altruistic or cooperative in their
First encounter with another and remain so as long as their altruism is
reciprocated.
When cooperation is not returned, individuals using the tit-For-tat principle

retaliate immediately, but they return to cooperative behavior once the other

individual resumes cooperation.

National Science and Mathematics Olympiad 109




gOouLY

552"::5 . NSMO
Q_LQQ.D aglell Lol gl
ST Mawhiba bl allyllg

Ministry of Education

Chapters’ @ exercises

lm

1‘-1-“
Area 1:
} 30 2 dahia)
. 20 Area 2:
-‘iég 10 07
2 < (Freezing) } <o
so 2l EE S
40 3 10
gggw R (Freezing)
< 20 _ 2l
" 3z
O FMAMI JASOND O  FMAMIJIASOND
Month Month
gl el

[ Area 1 would be considered a desert because of its high average temperature
air temperatures driven by precipitation
Il Area 1 has more average precipitation than Area 2.
1 Area 2 would be considered a desert because of its low average precipitation.
v Area 2 has a larger annual temperature variation.
A B C D

only land Il onlylland IV only I, 1l,and IV only Il,11l,and IV

Number of survivors (log scale)

Relative age
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B C D
B C cannot be found in
the figure

A B C D
only | only only Il only Il &Il

A mutualism
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B character displacement
C Batesian mimicry
D resource partitioning
6- What does the graph tell you about the effect of a keystone species?

35354 (uikal) b} 2
Keystone predator present

20 e

R

9§ 151

auy 107

33

35 Agaga i e kel ulad) 2

o ; Keystone predator absent

l‘Jlﬁi '64 '(;5 (;b '(‘17 ‘68 '(;9 ‘7"0 n '7‘2 '7‘3
Year

A A keystone species has little interaction with other species in an environment
B Removing a keystone species from the community drastically reduces species

richness.
Adding a keystone species to the community will make it more diverse.
D Removing a keystone species from the community will eventually allow For
the invasion of a new species.
= Dwarf mistletoes are Flowering plants that grow on certain forest trees. They
obtain nutrients and water from the vascular tissues of the trees. The trees
derive no known benefits Ffrom the dwarf mistletoes, nor are they negatively
affected by this interaction. Which of the fFollowing best describes the
interactions between dwarf mistletoes and trees?
Mutualism
Commensalism

Competition

o o ™ >

Facilitation
8- IF two species are close competitors, and one species is experimentally

removed from the community, the remaining species would be expected to

A change its fundamental niche

National Science and Mathematics Olympiad 12




O Mawhiba Sibgll ailualyllg
B expand its realized niche
C become the target of specialized parasites
D decline in abundance
9 - The symbols +, -,and O are used to show the results of interactions between

individuals and groups of individuals. The symbol + denotes a positive
interaction, denotes a negative interaction, and O denotes interactions in
which individuals are not affected. The First symbol refers to the First
organism mentioned. What interactions exist between a lion pride and African

wild dogs, if the dogs are found to typically avoid areas with lions?

A B C D
+/+ +/- 0/0 -
10-  Astickleback fFish will attack a Fish model as long as the model has red

coloring. What animal behavior idea is manifested by this observation?

A sign stimulus.

B cognition.

C imprinting.

D classical conditioning.

1- A lizard's bobbing dewlap (a colorful Flap of skin hanging from an Anolis

lizard's throat) is an example of a(n)__

A stimulus.

B reflex

C signal

D innate releasing mechanism.
12- Listed are several examples of types of animal behavior. Choose the letter of

the correct term (A-E) that matches each example in the Following questions.
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Through trial and error, a rat learns to run a maze without mistakes to receive a food
reward.

A B C D
A human baby performs a sucking behavior perfectly when it is put in the presence of
the nipple of its mother's breast

A B @ D
A mother goat can recognize its own kid by smell.

A B C D

A cat runs to its Food dish when it hears the sound of a can opener

A B C D
producers.

producers and decomposers..

producers, primary consumers, and decomposers.

o o o >

producers, primary consumers, secondary consumers, and decomposers.

Key
5 al olaad ) Chemical cycling 88 3559
Loss of heat m) Energy flow EEBNIE R

A organic compounds broken down by bacteria.
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energy consumed by bacteria.
energy lost from a worm during cellular respiration.
CO2 and heat loss From decomposing materials due to the effects of solar
radiation and precipitation.
Food web For a particular terrestrial ecosystem (arrows represent energy Flow
and letters represent species)
Which pair of species could be omnivores?
B
A —— CL'———-* D
y
C D C D
CandD CandE CandD CandE
Which of the Following organisms is correctly paired with its trophic level?
cyanobacterium—primary consumer
grasshopper—secondary consumer
phytoplankton—primary producer
Fungus—primary consumer
Which of the Following would be considered an example of bioremediation?
adding nitrogen-fixing microorganisms to a degraded ecosystem to increase
nitrogen availability
using a bulldozer to regrade a strip mine
dredging a river bottom to remove contaminated sediments
adding Fertilizer to soil poor in nutrients to increase plant growth
What is the biological significance of genetic diversity between populations?
Genes for traits conferring an advantage to local conditions are unlikely.

15
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B The population that is most Fit would survive by competitive exclusion.
C Genetic diversity reduces the probability of extinction.

D Diseases and parasites are not spread between separated populations.
19-  Which of the Following criteria have to be met For a species to qualify as
invasive?
A endemic to the area, spreads rapidly, and displaces Foreign species.

introduced to a new arey, spreads rapidly, and displaces native species.

C introduced to a new area, spreads rapidly, and displaces other invasive
species.
D endemic to the area, spreads slowly, and displaces native species.

20-  Looking at the Figure showing the results of fForest Fragmentation, what can

be said about edge effects?

167
(9 Py ©
Average 127 ©
biomass loss: il
edge plots (%) o
4
<

X 3

T T I T
0 0-2 2-4 4-6 6-8 >8

Years after fragmentation

Biomass declines along edges of Forest Fragments
Biomass increases along the edges of forest fragments

Species diversity decreases along the edges of forest fragments.

o 0o ™ >

Fragmentation does not affect biomass
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Answer keys For exercises

o e

A C D
s < pamen s
s oA w
s o s oo
s s ow o
7 s w s
s s ow o
s 0w
Lm A Lom
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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?

II_II

Predation Illness and Predation Illness and
other infection other infection

Bl m

Predation Illness and Predation Illness and
other infection other infection

B Notinfected by 4. barremi
[ infectedby 4. barretti

o deaths

% deaths

D

% deaths
o deaths

D)

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
pupaeis observed in the case of the following combinations of temperature and humidity.
Table 1. 100% mortality of codling moth pupae is observed in the case of the Following

combinations of temperature and humidity.
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+37 +36 +28 +15 +4 +10 Temperature, C
100 55 15 40 80 100 Humidity, %

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

combinations of temperature and humidity

+30 +22 +26 +27 +22 +20 Temperature, C
80 70 55 55 95 85 Humidity, %

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

100 t $

80 < X ]
&0 ’

40 yd

20

Humidity, %
hY

0 5 10 15 20 25 30 35 40

Temperature, °C

A  Viability of codling moth pupae is low in zone X
Zone Y corresponds to the range of 18 - 25 °C air temperature, and 70 - 90%
humidity

C The mortality rate of codling moth pupae is highinarea Y

20 - 30 °C is optimal For survival of moth pupae if the air humidity is lower than
40%

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
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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, 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.

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

A
B
C

The interaction between the sloth and moths is mutualism.
moths and fungi, living in sloth fur, have a commensal relationship with the sloth
Algae, living on sloth fur, and sloths are amensal.

Algae and fungi, living in the fur of sloths, have a Competitive 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:

Trophic level Name of Trophic level Organisms found
Jli=ll sgiuall Jlall sgimall ol 639290l OWKII
Phytoplankton
Level 1 Producers OGlxiio i}
il @lge
Primary consumers Zooplankton @llge
Level 2 = .
dlgl wislgime dyilga=

Small planktivorous
Secondary consumers N
Level 3 - fFish 6usall &lowdl
iygils Olslgiune e
el dis]
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?

A There will be an increase in the biomass of autotrophs

B. There will be a decrease in the biomass of both autotrophs and herbivores

C. There will be an increase in the biomass of herbivores

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

biomass of autotrophs
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5- The Following ecological pyramids represent the number of organisms involved in

Feeding relationships:

Figure 2
2 Jea

Figure 1
1 Jsdb

Pyramids of numbers in balanced ecosystems
4330 giall At Bl B s sl ad

Choose the LETTER (A, B, C or D) which is most likely to represent the organisms in each of

the figures.
Figure1 Figure 2
| Sl P Jsadl
grass — locust — snake - frog grass — locust - frog
. e = 3z = gled » g2ds e = 3z 2 edo
tree —» ant — spider - lizard tree — bird —» parasites
Bl oo e e o o 8320 = yub = Ol
grass — locust — frog —» snake phytoplankton — zooplankton — fishes
. e = 3y> = gadd  lei ks @llge ~ duilor> Gllge — Jlowl
snake - frog = locust —» grass tree » ant — spider
. ol =2 286 > 3ly> = Cuie 8y = Job = WosSic

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

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 Family groups
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4- Alarm calls may be favored by kin selection.

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 A Mushroom processes
B Camel
C Date palm
D Insects

8- the Following examples describes a behavioral pattern of animals. Put the
appropriate number 1 or 2 under the letter of each behavior pattern.

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..

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

1- proximate causation cu 3/l couwall

2- ultimate causation jlgi| cuuall
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9- Suppose that mercury (Hg) is present as a pollutant in an aquatic lake and the

Following Food chain is found:

Phytoplankton — zooplankton — small Fish (species X) — larger fish (species Y) — largest
Fish (species Z) = Aquatic Bird.
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?

A B C D
All have similar

Species Y(ggill) Species Z(ggill) Species X(ggill) o
toxicity

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?

A  Thefirst explanation is correct, but the second is incorrect.

The First explanation refers to proximate causation, whereas the second refers
to ultimate causation.

The First explanation is testable as a scientific hypothesis, whereas the second

is not

D Both explanations are reasonable and simply represent a difference of opinion.
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Fundamental and derived units of measurement
Elementary
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Prefixes Used in the SI System
Representing chemical reactions 4wl S le el Jiad
Word chemical equations 4adlll 4Ll Y aladll
Symbolic chemical equations 4 3 )l 4l ¥ aladll kel
14 - 32 Types of Chemical Reactions bl c3lelddll ¢ gl 2
Reactions in aqueous solutions 4xlell Jallaall 8 cdlelal) Chemical
) Reactions
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Dissolution of ionic compounds in solutions
Mass and mole J sl 5 4Ll
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An inexact number must be reported in such a way as to indicate the uncertainty
in its value, this is done using significant figures. Significant figures are the
meaningful digits in a reported number.
JSall & 5 SIal dddy el lae WL Laad 1))
L, R A Ui e
Al e G el Jiai Wiy om 3 5 2 G A8Uall
| | 3 52 omdda oy aal ik (Kls 2.5 cm
‘;c G.atd\ (';3‘)5\ J;\S.I Lutﬁ cSM\ 534 ‘_;x:cm
L Wil W) ¢ 2.5 (32 a8 (e (paSlie Ll cpa a2 )
L5 a8 (e opaSlia
Consider the measurement of the memory
card "in the adjacent figure" using the ruler
Fh h) above it, The card’s width is between 2 and
s 3 cm. We may record the width as 2.5 cm,
but because there are no gradations
(T FTF T TP between 2 and 3 cm on this ruler, we are
estimating the second digit. Although we
are certain about the number 2 in 2.5, we
are not certain about the number 5.

U gae (Al o8 )1l Jasi jall il ade ysimy g €3Sl e o 5l (&) G850 8 a0 Q80 ) L)
2.5 a5 S0 day (e o i Laxie ¢ s Jansall a1 G800 4 plal) A il 3 &
2.4 cm N daay B uil) La s (15 ¢ 2.5+ 0.1 cm s e Of Gaca Jiei Lild « cm
G5 Ssine al) s Ssall e A8l ey 8 Ly (Bl ) i GE ) JS 2.6 cm (Gl dea

Osina el e ¢ 2.5 cm a5 S Al () saal) (2 sall

The last digit in a measured number is referred to as the uncertain digit; and the
uncertainty associated with a measured number is generally considered to be + 1
in the decimal place of the last recorded digit. Thus, when we report the width of
the memory card to be 2.5 cm, we are implying that its width is 2.5 = 0.1 cm, and
that its actual width may be as low as 2.4 cm or as high as 2.6 cm. Each of the
digits in a measured number, including the uncertain digit, is a significant figure.
The reported width of the memory card, 2.5 cm, contains two significant figures.

N 80 sy ) 13 8 U 8 e oS (e jalel) el @13 5 laneal) i
2.45 cm = s G Wiy Leliud 33 g sall 3 jlacsall aladiinly 3 ,SIA) d8Uay 8 8,86 (Y

DIGITAL CARaRAD

cm 1 2 3 4
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A ruler with millimeter gradations would enable us to be certain about the second
digit in this measurement and to estimate a third digit. Now consider the
measurement of the memory card using the ruler below it. We may record the
width as 2.45 cm. Again, we estimate one digit beyond those we can read. The
reported width of 2.45 cm contains three significant figures. Reporting the width
as 2.45 cm implies that the width is 2.45 + 0.01 cm.

Rules of significant figures 4 sisall 28 Y1 xc) 58
‘(e e @LM\(-;UJ‘X\ AR gb.»;qc\jé(i)
A gina Gila 05S5 teall e Cdy G sasasall Jlaalls (1 - 9) dsall s W6,V (1)
Sl 4 siee Cand 20l laal) (2)
AU 4 e Ao dga s Alla & ML 4 giea 3200 )1 Hlaal) o 5S3(3)
(A) Rules for determining how many significant figures are in a number:

(1) Non-Zero digits (1 — 9) and Zeros that are in between two non-zero digits are
always significant.

(2) Leading zeroes are never significant.

(3) Trailing zeroes are only significant if a decimal point is present in the number.

Examples 4Ll *

a. 809.231 b. 0.00456 c. 2300 d. 130.00
ABY) il | Lol el | e sl el 3200 3l el
el e S| dgeaa e Bpana | Al U o
Zero in between | Leading Trailing zeros A la]
The DOES count Zeroes do NOT count Trailing zeros
explanation do NOT count DO count befor
the decimal
r’té‘ ‘)‘Y\ e
A sinad 6 3 2 5
The
number of
significant
figures
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(B) Rules for performing Addition / Subtraction:

The final answer is written so that it has the same number of decimal places as
the measurement that has the fewest decimal places.

AW

Examples 4Ll *

a.420.03 +299.270 +99.068 b. 504.09 - 246.8 - 119.32
" A (i pde ol Yia) A8y J&Y) sa PCRAETS
et O e Gl e ) A YT Cu Gy s Ui
The . . .
.| This number is the least precise (2 | oact Precise
explanation | jecimg] places). So the answer MUST
BE rounded to 2 decimal places.
Ly
Answer 818.37 138.0

;M\j c._u...'aj\ Gllee ¢l ya) ac) 68 (C)
B A simall 281 53 a2l siaall QY1 dae (udl e (g giad Gy Bl AlaY) A0S
(C) Rules for performing Multiplication / Division:

The final answer is written so that it has the same number of Significant Figures
as the measurement with the fewest Significant Figures.

Examples 4l *
\ e
a. (2400)(3.45)(16.21) b. 0.9935 x 10.48 x 13 .4
- A i ( gine Gaad ) Slo a8 1 138 (5 ging | cdysine Q1 3 e W0 1aa (5 ging
2 O sina Cpady VAR G a | QBT 3 LN A G B sy Sl

This number only has 2 Significant

explanation Figures , so the answer must be | Only has 3 Significant Figures,
rounded to 2 Significant Figures. | so answer needs rounded to 3
Significant Figures.
Ly
5 2
Answer 130000 Or 1.3x10 140. Or 1.40%10
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Order of Operations gon ) Adall s ) (s pasins

o (Al ) pn) 5 (b /

The sequence to follow when performing operations in a “lead - g e e
mathematical expression haleal . CEA el G
Sl xas (PEMDAS)
Please Excuse My Dear Aunt Sally 5% Ala Y S ade (pe 153a
PEMDAS

(D) Rules for Performing a
@ (2] © (4 Combination of

= - M D A S Operations:

The previous rules listed
for A/S and M/D still apply

() e2 (X) (—) (+) (-) along with incorporating

the rules for order of
operations (PEMDAS). Be

cautious, however, that you

Parentheses Exponents Multiply Divide Add Subtract

do not round the answer too early.

Example J&« *

1.4 X 2.639+117.25

Step 1 il i
Multiply (1.4 %2.639)+117.25

(3.7) +117.25
%

ity OIS (ldad 138 5 17800 4y i

(1.4 x2.639)+117.25
( 3.6946 ) +117.25

533 O (S e 5all 138 20a) Gl ey daleall Y 1 ka3

;‘33&053‘\550:3}-‘3:’@5.( 3.7 )Lﬂﬁuﬂa}*’-ﬂwﬁ)& 3.6946 xic 4S 5
Ay sl '

.. e . | Rounded too early. Should
Because this is multiplication, the answer to this have been left as 3.6946

part can only have 2 Significant Figures (3.7).
Make note of this, but do NOT round yet.

Step 2: el ; Al 3 gladl)
Addition

3.6946 + 117.25 =120.9446 = 120.9

1 2 decimal place 4 xdall J Ll
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Scientific notation (adad) ¢y gt

aic Ga ] g b Jidl Jaw Gl aa b mea o 13 3508 A1 ae Wl () sl dalady
. : S R T P S S = S DL
Scientific Notation 602,200,000,000,000,000,000,000
5 O 5o 53 JS ALS &S s g 0 3 )

500 5.x _1,0 . 0.00000000000000000000000166
Scientific Notation ‘513)“2“ s3A ~ d.o\.:ﬂ\ . I o _Lss g

3 lewladin) die eUad¥V) lSS ) Jeudl (ha g

7,700,000,000 —= 7:7.>§ 10 | Tl sie My Asbonll oenll s
Scientific Notation . T , . T

Al a3 yma g Jaa 5 S dlac &

0.0000000086 —» 8.6 x 100 | &= Bl cats pabadl sl (o Lalhs

Sclentific Notation | ¢~k ie Dnll (S )Y aaa

N. 10" : sl

Chemists often deal with numbers that are either extremely large or extremely
small. For example, in 1 g of the element hydrogen there are roughly
602,200,000,000,000,000,000,000 hydrogen atoms. Each hydrogen atom has a
mass of only 0.00000000000000000000000166 g. These numbers are
cumbersome to handle, and it is easy to make mistakes when using them in
arithmetic computations. Consequently, when working with very large and very
small numbers, we use a system called scientific notation. Regardless of their
magnitude, all numbers can be expressed in the form: N . 10"

Rounding Off < Al
A sinall o8 5Y1 (e anlial) 232l e (5 siat o Ailedll AV o 8 (g5 el e 058 Ble
_aUJ\ C"m}AM ;\‘);}I\ @3\ cng g_g)sﬂ

It is usually necessary to round off the final answer so that it has the proper
number of significant figures. To round off a number, follow the procedure
below.

ad) o el 4 gieall eﬁjiy\ﬁ).#ﬁ)““.—’)m‘ 22=l) 2as
Determine the desired number of significant figures

(DU 8 ey (e ) s sima By JAT 2my S5V 80 L kil
Look at the first digit after the last significant figure

ibgll cilualyl aglall slialg
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Lﬁ}:\a.al\eé)l\fa,asa};}d\
Yl
If this digit is less
than 5, all the
numbers after the last
significant figure are
dropped

4
5.6 =5.6201

& sixall a8 1) S 1)
8 ol o i ) il
Dhiay Y (s sinall A8 )

.AA\}

If the last significant
figureis an odd
number, the
lastsignificant figureis
increased by one

}
5.8 25.7501

ibgll cilualyl aglall slialg

5 (5 shass 1) 38 IS 13

If this digit 1s equal to 5

5.6501

< sirall 28 ) IS 1)
(>3 e8) sn Al
5 simall )l o 5 pud
BT IUPABTNY
(G0
If the last significant
figure is an even
number, the last
significant figure 1s
left unchanged. (Note

that zero 1s considered to
be an even number)

:
5.6 =5.6501

[ YoV ITh)
NSMO

O ST a8 501 138 IS 13
A8, Y Z6S Laliu) Kl o5
) JAT am 8 ga sall
B a5 s 5 i
)y ey R Y (5 sinal
If this digit is greater
than 5, all the
numbers after the last
significant figure are
dropped and the last
significant figure is
increased by one

}
5.7 5.6801

1) gl o 4inss 13
s mall 1535 05 ¢ (9
aaly ey il
If it is followed by
additional digits (1-
9), the last significant
figure is increased
by one

¢
5.7 =5.6541
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Fundamental and derived units of measurement o8l 48idal) g dsslu) Ciaa o)
éﬂﬁ s International System of Units (ST) <las sl Jsall i callall alail

The International System of Units (SI) is the most widely used
system of measurement units in the world.

a Al 8150 a5V bl Calas 5 alas

Examples of Fundamental Units 4sba) (ulidl) Cilia g Jo AL =

Symbol ) SI unit 32 sl Quantity 4asll
m meter Length J skl
kg kilogram Mass ALl)
s second Time el
K kelvin Temperature 3l allda o
A ampere Electric current hes Ll
mol mole Amount of substance salall 4
cd candela Luminous intensity 3elal) 5o
Examples of Derived Units 4idall (uldl) Clas g o 4t *
Symbol )l ST unit 32~ 5l Quantity sl
m? square meter Area dalil)
m’ cubic meter Volume PEN|
kg/m kilogram per cubic meter Density 48l
N = kg.m/s newton Force 3 all
J=N.m joule Energy ALl

Lihgll cilualyllg aglall slsalg
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Prefixes Used in the SI System

Mawhiba

QoL
NSMO

(sl Clan gl AT B Aardiiunal) il

exa
peta
tera
giga
mega
kilo
hecto
deka

deci
centi
milli
micro
nano
pico
femto
atto

E
P
-
G
M
k
h
d

w

d
C
m
7
n
P
f
d

1,000,000,000,000,000,000 108
1,000,000,000,000,000 10%
1,000,000,000,000 102
1,000,000,000 10°
1,000,000 10°
1,000 103
100 10?
10 10t
1 10°
0.1 101
0.01 102
0.001 1073
0.000001 10-¢
0.000000001 107°
0.000000000001 10712
0.000000000000001 1071
0.000000000000000001 10718

ibgll alualyllg aglell slialgl

GO sty gl 1o guds JiSY) ciliald)
The most commonly encountered prefixes are shown in blue

1 L=1(dm)*= (10 cm)®>= 1000 cm?

Im

10




Sep se®
eestt. tlene

e d1og0
Mll\‘nf, Y of b Aln?:{!{::,. MaWhiba

K=°C+273.15

Fahrenheit

Boiling
point
of water

180
Fahrenheit
degrees—

Freezing
point
of water-

(@)

100
Celsius
degrees—

32PF——

_4OOF

Example 1-1: convert 2.3 cm?® to m? unit.

Celsius
B)

100°C

0°C —————

—40°C

100
kelvins—

&

Kelvin

O )

373.15K

273.15K

233.15K

gouL
NSMO

: Examples 4L *

.mP e 2.3 emd Jsa i1-1 Jha

23cm?=23(cm)’=23 (10" m)’=23 x 10° m?

Example 1-2: convert 5000 us™! to s™! unit.

CsTaan 1) 5000 ps! U 1122 Jlia

5000 ps™' = 5000 (us)™ = 5000 (1076 s)™ =5 x 10 s~

330 m/s = 330 m x lkm

-5 1000 s

ibgll alualyllg aglell slialgl

km/h 325 A el s ¢ 330 m/s s sbadt & saall 4oy 11-3 JBa
Example 1-3: Speed of sound = 330 m/s, convert the unit to km/h.

x 3600s

lh

= 1188 km/h

11
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exercises il s
(1-1)

tob Lo (il JS 8 4 gindll eﬁj‘ﬁ\ RRSIRRTN
State the number of significant digits in each measurement:

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

(1-2)
Ay e a8l day )l ) A Q8 V) oy i, o8
Round the following numbers to four figures:
3.682417 21.860051 375.6523 112.511 45.4673

(1-3)
el (A el sl A5V 22V e jie
Express the following numbers in their equivalent scientific notation:
1) 123,876.3

(1-4)

Ao sinall Al Y1 (e sl aaall daill e e s AUl ulual) leal) o) aly o8

Perform the following mathematical operation and express the result to the
correct number of Significant Figures.

(1.00866 - 1.00728)
6.02205 x 10%

(1-5)
. Mg/mm? s2a 5 M AU Jsa | 13.6 g/em?® G 43S
The density of Mercury is 13.6 g/cm?. Convert its unit to Mg/mm?.

ibgll cilualyl aglall slialg
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Exercise answers

1) 2804m 2) 2.84 km
...... 4. O S

4) 0.003068 m 5) 46x10°m
...... 4. 2

3.682417 21.860051 375.6523

3.682 21.86 375.7

1) 123,876.3
1.238763 x 10°

2) 0.000000000000211
2.11 x 10713

(1.00866 - 1.00728)
6.02205 x 1023

1 Mg=10%g, 1 cm?®= (10 mm)® = 10° mm?

13.6g/cm*> =136 g x 1Mg x
em’ 10% g

= 229 x 10?7

gouL

NSMO
Gl il Slla)
(1-1)
3) 5.029m
...... 4.
6) 4.06x 10° m
...... 3.
1-2
112.511 45.4673
112.5 45.47
1-3
1-4
1-5
1 em’ = 13.6 x 10° Mg/mm?

10° mm?

13
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02 D

Chemicak REACtIons

30n 3 g ) (Alelinal o sall) A 391 o0 sall e e sana s Lo i ilee 5 il Jelil
L) 3 sl e 5 5l 5 Ailal) Leemilia 3 LIS Caliss (gl 520
A chemical reaction is a process in which a set of starting materials (reactants) is
converted into new materials (products) that are completely different in their
chemical and physical properties from the original materials.
e lital) 3 pal) i 3o (i 52 53 pal) Ailaasl Tl 511 € o liaall 31 il e JUiRD Jasas e
g5 o) n agall AUl ol gall il ja JiS gl AN i i sale Y Sauas AibaasS ol g 5 (oS
Ayl sy Lo ST (G g (A5 O 50l 3,35 (05 S (B8 O 5 )S1 3L08) iy Yl
Leany aa Lehalsi )|
For example, when methane burns, the chemical bonds in the reactant molecules
are broken, and new chemical bonds are formed to rearrange the atoms and
produce the product molecules. The key point is that the types of atoms do not
change (a carbon atom remains carbon, and a hydrogen atom remains hydrogen);
what changes is how they are bonded to one another.

@ o Gl)q

Signs of a Chemical Reaction: sl Joliil) & gaa JiYa

(Aases Gl ) ul sally B3 gua a) e i I3 (1
1) Qualitative evidence (observed by the senses or simple experiments).
Ol 5 (a
il sl g 5 A5l o) sl imas gn o gaasli gl Cllinia s Jglae IS e ;e m
5 ol aliaial CaBEA) ) (525 Sy jall/cil ) S 55 b i :jpndil)l w
a) Color change.
= Example: When potassium permanganate solution is mixed with some
reducing agents, the purple color disappears.
= Explanation: A change in the composition of ions/molecules results in a
difference in light absorption.

Aadl,ll A sl saa dadly o 6SE (b
(H2S) salaa¥) ae iy S g Jelii (e dadll) cyy 5€l A0l 5 b m
.5 yaa :%AE\J <ld BJ\;\E C'_MSJA }i &"_1\)\.9 Ctu\ )ﬂuﬂﬂ\ L

b) It smells new or different.

= Example: The sulfurous smell resulting from the reaction of some sulfides
with acids (H2S).

= Explanation: Production of gases or volatile compounds with a distinctive
odor.

14
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CO2 2525 e didy slian s jlSe 380 G Ca(OH)2 el sle (& Sl el

W s i sale] e Aatli A e iy a 035 ¢ el m

c) gas formation (gas release).
= Example: Effervescence occurs when sodium bicarbonate is mixed with acid,
forming CO.. This can be detected by passing the gas through limewater
(Ca(OH)2), where a white turbidity is formed, indicating the presence of COx.
= Explanation: The formation of gaseous molecules resulting from the

rearrangement of atoms.

(et Alia Bale) Gl 0S5 (d
g O el ) Gham Y a g sall 35 Jslae ae s sall Gl S Jolae 750 1Jle m
{(BaS04) Lanl ) (Jaxy a0 )ll Sl 55 ga o g0 guall 2y 8
Aaddie 40l o) d s S yo SO Hudll) w
d) Precipitate (a solid that settles out).
= Example: Mixing sodium sulfate solution with sodium chloride solution does
not produce a precipitate, but mixing sodium sulfate with barium nitrate
produces a white precipitate (BaSOa).
= Explanation: Formation of a new compound with low solubility.
(D3 (o g b)) ad) (b yad) Al S s (o
A g 2l Edleld §f 31 a8 o ¢ gea Slanil s w
Ll gy pusl Al aliaial gl 48U (3l asaa Jasl g 5 (o3 —— ol g 1) Adla 8y ;o)
e) Change in energy (change in heat, light, sound).
= Example: Emission of light or sparks: Combustion or strong oxidation
reactions.
= Explanation: Change in bond energy — forming new bonds releases energy
or absorbing energy to break bonds.

Al sl Ala gall (& i (F
2L Sl J sladd) Jaa 55 iy ol 50 sl (3385 ) (35 Jelii gl 3ae 8 5l (aen 4903 ;e
o Jslaall 3l oY) e ;jondll
f) Change in electrical conductivity.
= Example: Dissolving an acid or base or a reaction that results in the formation
of ions increases or decreases the electrical conductivity of the solution.
= Explanation: The number of lons in the solution changes.

A g3 (2
2) Quantitative evidence.
RN | JVE S| I (a
(RS Lada ¢y 5i8) i Y AdlaaY) ALSH (UK 3le Jelis 3 m
i) Sl pabiaial o Ju B ATS 30k ) ¢ 5le p aS o Ju A (s da gide e (4
(38T Je il & o) 5ol (o CpanST (aiag (j22a

15

ibgll cilualyl aglall slialg



O duogo 9.0l
pul il ajlig H
Mawhiba f: NSMO

a) Mass change measurement.

In a mass-closed reaction, the total mass does not change (law of conservation
of mass).

In open experiments: a loss of mass indicates the release of a gas; a gain in
mass may indicate the absorption of a gas (e.g., a metal absorbing oxygen from

the air in an oxidation reaction).
Jelal) 3 ) s bl (b

Akl 8 Jead Gigan 2S5 e A8y daiaall o ddlkiall 35 all Gl (Say jresal) pladiuly w

L 5 sl dagl g5l (oS Jasi e

b) Heat of reaction measurements.

Using a calorimeter, the heat released or absorbed can be accurately measured,
confirming that an energy transfer has occurred associated with the formation
or breaking of bonds.

Sl ciluld (e

O Ll giles S 51 adal) sl 21asily (o 5aT Bale (3555 Bale iS5 (alisil o w

Dol Ao oy Aol 3alal) e g eJeli Cgan e G g8 Sl 23 3y je ) ula sall

¢) Concentration measurements.

Tracking the decrease in concentration of one substance and the formation of
another using spectroscopy, chromatography, or electrical conductivity
measurement provides strong evidence that a reaction has occurred, showing
the amount of product produced and the rate of the reaction.

Gas formation Energy change
S 0SS ABUa)l _aas

Chemical

H Az
.rea.actlon Stees
indicators :
Sl as el 29SS
Color change Precipitate formation

Abaal) dle Ll ALeY) (any 12-1 JSAl)
Figure 2-1: Some examples of chemical reactions

16
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Representing chemical reactions Alpasl) ¥l Unl) Jia

Ldle 43l L) ikl edlelal) Jial Al Y15 Aaalay) 8101 Ailasl c¥alad) a2l

Sl el el (s sial) e Guany Lo Cia gl () silasS) Lgadiig 3 juaida

Chemical equations are the basic and most effective tool for representing

chemical reactions. They are a universal and concise language used by chemists
to describe what happens at the molecular level during a reaction.

1l Jo Wil JAa (e 3 gualal)

The purpose of representing a chemical reaction is:

mall s yualiall §ga ) alasinly (Jelail) Uil Changy W (5 30 ) Chua s 408 g8 Jlasl Jelatl) Jiias

I Je il S (e Yoy agn) 5 diliasl
Representing a chemical reaction is writing a symbolic description of what
happens during a reaction, using element symbols, chemical formulas, and arrows
instead of writing the reaction out in words.

diliasst) Adalaall daili) il gSal)
The basic components of a chemical equation
aeldial) (1
e s o o) pendl G mal) calall e S Jelit) a5 A A1 sl o
(VAN any b 3] glsall
1) Reactants
These are the starting materials that start the reaction. They are written to
the left of the arrow (or to the left of the equal sign in some cases).
=isd (2
Gt e sl) aendl 0o G il e i Jelal e gt ) aaall Sl sall A
(YA mny 3] slsall Aadle
2) Products
The new substances that result from the reaction. They are written on the
right side of the arrow (or to the right of the equal sign in some cases).
2l (3
Mkl Jelamt f M asl e Bale 11 il sl ) cdlelidl (e (—) aged)
3) Arrow
The arrow (—) points from reactants to products, and is usually read as
"produces" or "reacts to give."

17
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Symbols used in equations el B ardicd gay
Jbia il e
Example Meaning The symbol
i) il 5 el ldial) ( dhaly | Jand ) iy
o) () (oSe pe Jeld )l
(a5
A+B—C : —
Produces or gives. Separates
reactants from products, indicating an
irreversible (one-way) reaction.
) e Jelall O G ol pesSe el
ALY ety JS b Gy s ) Ala
(Sl
A+B=C+D Reversible reaction. Indicates that the =
reaction reaches equilibrium and
occurs in both directions (forward
and reverse).
el o Jeay ) ABLaYL 5l we Jelisy
Al ) gal) i/ g Ade Laiall
H2+ 0 Reacts with or in addition to. "
Separates reactants and/or products.
Adall Al )
NaCle Refers to solid state. (s)
AL A ) ey
H200 Refers to the liquid state. M
Al AL ) sy
COx Refers to the gaseous state. (&)
ol Jstaall ) ey
HClagq) Refers to aqueous solution. (aq)
ki Jelall o ) el pendl (358 o sd
A A4 }Aﬂ ('5 J\ );) Cu;..w.a ;
CaCO3; — CaO + CO; | Placed above the arrow. Indicates that | 3l a1l 5| A
the reaction requires heating (heat) to
occur.
ks Jelil o ) ey el G358 qansh | oy ol Dokl
Jaaas Uaraa Ll
2200 atm .
No+3H —  2NHs; | Placed above the arrow. Indicates that | pressure or
the reaction requires a specific pressure
pressure. number

ibgll cilualyl aglall slialg
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b Aty o) g Jelail) my il | leadl Jalal)
Pt Placed above the arrow. Indicates the (Pt Ji)
+
C2He + Hy = CoHg use of a catalyst to speed up the | catalyst (such
reaction without being consumed in as Pt)
it.
O3S5 G oady Al Dapall 2y junas)
2l A e dlea 5ale) ol
AgCl] Placed after a chemical formula. It (=) |
& indicates the formation of a | (Precipitate) |
precipitate (an insoluble solid) in the
products.
el Y e Ailal) il sy o 5
Q5 B | (aelata o)
CO27 Placed after a chemical formula. gas )1
Indicates the evolution of a gas in the | (evaporation
products.
Word chemical equations A8t A ulianst) e alaal)

s el (e At ol gl 5 Ale il ol pall uaia sl CISIL (S juun oo Aidlll abadl
Al faa sl 5 gay aladil o5
A word equation is an expression written in words to show the reactants and
products of a chemical reaction without using chemical symbols or formulas.
(D)deliid) + (2) Jeléiall— (1)l + (2)gil
:1 Jha
(SN 2T 35 el it (€Y e (el e iy
Example 1:
Methane reacts with oxygen to produce water and carbon dioxide.
e + Sl — (50,80 2us] 6+ ol
Exercise (2-1): 2(2-1) quux
e ovel) da g Sle il Gas g puell ae a gl Sle Jelatl dadll) Aaladll ()
Write the word equation for the reaction of bromine gas with hydrogen to
produce hydrogen bromide gas.

Exercise (2-2): :(2-2) o
D (a3l 5 il 2T (o815 ) jally a s sad) il i Jlacl ladll) Aslaal) ciiS)
el

Write the word equation for the heat decomposition of ammonium nitrate to
form nitrous oxide (laughing gas) and water vapor.

ibgll cilualyl aglall slialg
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Symbolic chemical equations 4 ) dgileanst) e alaall

o34 addiud ALl COle Wl Jiaal dale Y15 32V A5 Hhall a4 el ALasSl Y aleal)
Slo sy e jlelay (D alaall) an el iS5 ol i 5 LS pall g pualiall fpas g0y Y dladl)
RETREN PR
Symbolic chemical equations are the most accurate and scientific way to
represent chemical reactions. These equations use symbols and formulas for
elements and compounds, along with numbers written before them called
coefficients, to show what is happening at the molecular level.
Yy dagaia falaef sale cdlalaall (4555 Al f Ale i) salall J8 (iS5 521 aaall sa s dualaall
e idl (pe J8 el Aaaica ade A ol O Ll Caaty Taal g Al cilS 13) ks
sl
Coefficient: The number written before a reactant or product. Coefficients are
usually integers and are not written if the value i1s one. Coefficients describe the
simplest whole number ratio of the quantities of the reactants and products.

Balancing chemical equations Aailaasl) eV alaal) 039

Ole Wiall) Adabaal) 8 5k A6 s paie JS e AN d2e Jaa ey Al S Al ) 5
Go Joati Jy eduaaind ¥ 8 Y AN o e a3 ALY Jais ) 5il8 Giah s ol sl
DA G s
Balancing chemical equations means making the number of atoms of each
element equal on both sides of the equation (reactants and products), so that the
law of conservation of mass is achieved, which states that mass can neither be
created nor destroyed, but rather is transformed from one form to another.

The importance of balancing 4530 gal) dsani
O)s @l sha 2.2 JS& (i D50 0S5 O G L) (o 4 Sl Aalaall dpaal ISY) dualall
AuilaSl Yl

The most important property of a symbolic equation is that it must be balanced.
Figure 2-2 shows the steps for balancing chemical equations.
6 sl paic JS 3 aae Ol (e 2SEL Clebaall Tasca iad Adalaall 43 ) 50 sy i) @
()i 5 e lindl) Adlad) byl b
e Definition: Balancing an equation means adjusting the coefficients to
ensure that the number of atoms of each element is equal on both sides of
the equation (the reactants and the products).
b aandl (e Chaaid Y i Y ALY o e Gty oA GBS Dais ) 9l8 Gt sdagd) e
el Je i)
e Goal: To achieve the law of conservation of mass, which states that mass
1s neither created nor destroyed in a chemical reaction.
el O drpall 84N A V) s 5 ean Vg cdaih COlbeall i oy ARkl e
Bl 438 (e

20
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e Method: Only the coefficients are changed; subscripts in the formula
must not be changed, as this changes the identity of the substance.

Steps for balancing chemical equations

AilianSl) el ¢ 5 <l ghad

S alall (9 O slas
™ g
Hyg + Gy = Hg igjen pid AdiliedS Aslas o)
§ gy SOLe Ll B dlee S it i asls
' .
w + /ﬂ . - /:) 15 (e DM el fuad ¥ (olg Amams 1
B ' Alelatellalgalt e 8 S L () Byl
rxgylas i s G Cpmgylek gy ﬂ"'u QQ},&JI&‘:‘WIAHH :d-'_h.‘im‘ﬂj...“j
BPLERY Al 2lgedly Malitel!
H, + C; - SNl B el D3 e,
Gmjumipd gk <3388 U ag fe penes B30 el
HCl g b a1 055 3
aegpusspl + apl DI 50 (et 83
: apd ipd apd+ ipd
{rgieady sep STEE - inzgpsap ,h;mh&&iﬁ:h;hqﬁ!ﬁ}hhdl&é
o f:) _ t.i)‘fllq;_‘.ﬁ_,.‘..'.sarj AL laalf ke B dii 1
0 + R — : Y GLY3 Y aTaae (033 RSl S R il ats
.n:ul&_’.}&
fnsgpuaip 2 ip 2 nsgpuain
elsap
Hyg + Clyg — 2HCl g O
1H,:1Cl,:2HCI e yisi o2 2HCL 1 Cly 1 Hy 211 5
1:1:2 PR ERCT IR ICER U o -
o L D sl
H, + Cly,,— 2HCI
(g)_ - ) ngj ) (i) g il el o S g o0 ST
iigpusap selSep %“H“.ﬁ.z B Al 38 putles JS 513 2s g eSS 6
leep Aalaedi b le
Al e (yr 52 018 509 (g pasa s i gy
LSl Y aleall o 59 il ghad 222D JSA
Figure 2-2: Steps for balancing chemical equations
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Exercise (2-3): 2(2-3) s

Faleall a gaul ll ) SIS s sie 1 531 Jeliall Ay el ALl Al g i) Alalaal i)

pnSY) e 5 aliall o gali sall 51 iy

Write the word equation and the symbol chemical equation for the following

reaction: When solid potassium chlorate is heated, solid potassium chloride and
oxygen gas are produced.

Exercise (2-4): :(2-4) cu
A3 5 9a Ay )y ¥ alaey N Aadll) ¥ aladll e e

Express the following word equations as balanced symbolic equations:

?M&‘ QU)::)S—F«“J:U}EJJJ,}@J\UM—)VQM\SS\ L+l + CO,
calcium carbonate + hydrochloric acid — calcium chloride + water + CO»

pspali sl 2S5y 4 iy S s — 6 sanld sall G S + ol
potassium hydroxide + sulfuric acid — potassium sulfate + water

|| R | C’_atig)._\S—i-eﬁuU}_d\Quujé—) |1 YRV a&u,éJre},,mu}_d\ iy S
tin (II ) sulfate + potassium phosphate — tin (II ) phosphate + potassium sulfate

..............................................................................................

Cleall o sria )+ @l 5185 el Gass — o s IV 2SI+ G s Huell e
aluminum + hydrochloric acid — aluminum chloride + hydrogen gas

..............................................................................................

Exercise (2-5): :(2-5) quuu
Al Y alea) 3
Balance the following equations:

1) .. CoHsO2 + ... 02— ... COx+......... HO

2) Mn(NOz), + ......... BeCl, — ... Be(NO2), +......... MnCl,
3) e AgBr+......... GaPOs — ......... AgiPO4 + ......... GaBr;

4) ... HoSO4 + ... B(OH); — ......... B2(SO4)3 + ......... H>O

) R NaNOs + ......... PbO — ........ Pb(NO3), + ......... Na,O

(0) Ca3(PO4)2 + ......... H2SO4 — ..., CaSO4 + ......... H3POq4
T) oo Al+ ... H2SO4 — ..., Al(SO4); + ......... H»
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Types of Chemical Reactions Lilrasst) cdle i) g g
lgie ) Dalail 30 ) dliasll codle il ¢ s
Jale 5 aleliia ale Gn aaad A Aay el Ailal) il e g 53 58 203) JiaY) edleld (1
Al die iy 5 (sl sV 58 LaBale) 2uS5a
Chemical reactions vary into several main types, including:
1) Combustion reactions: It is a type of rapid chemical reaction that occurs
between a reactant and an oxidizing agent (usually atmospheric oxygen),
producing energy.

(ol ) iaall A1 31 Y 12 Jlia
Example 2: the complete combustion of methane (natural gas)
CHa(g) +202(g) — COxg) + 2H20¢g) + 28k
3 S e 0 oS8 JIS) ) (piale ala) 3¢ oSl COIEWS (2
We 5 oS deld g Jeliill o e ma V) piisall sa 138 L aal g oS je il ilill
Lo Llle o gl (585 O ihaia 138 5 o guin g 8 ) oa IS e ddla (llal ke & () 65 L
" Bl 3l U saama 055
2) Formation reactions: the combination of two or more substances to form
a new compound.
The product is always just one compound. This is the clearest indication
that a reaction is a synthesis reaction. These are often reactions that release
energy in the form of heat and light. This makes sense because bond
formation is often accompanied by the release of energy.

A+B— AB
O aand of Say ¢ oSl Cle LS
Formation reactions can occur between:
1S e 2 sSHl (g paic @
e Two elements to form a compound:
L) G 5K annSY e 5 el Jelis 3 i
Example 3: Hydrogen reacts with oxygen to form water.
2Ha(g) + O2(g) — 2H20¢y)
P2 S e (o sSICS ey puaic @
e Element and compound combine to form a new compound:
RURPRE IS A VP FRYENVES P DRCIVEN | QRIS iy ¥ g L
Example 4: Sulfur dioxide reacts with oxygen to form sulfur trioxide.
2802  O2i) — 2805y
Jaiad STy pas oS e Sl S e @
e Two compounds combine to form a new, more complex compound.

(L) 5aall) o saallU 0S5 3 (5 oS8 plall pa () adl) a sallSl 20T Jelis 25 Jlia
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Example 5: Calcium oxide (quicklime) reacts with water to form calcium
hydroxide (slaked lime).
CaOg) + H200) — Ca(OH)2(q)
o) sus) aie ol ST ol iale () aa) 5 oS je i 48 2y € Jeld g el cdlels (3
M 1 St Je i g dblun (bl QLS je 5 pualie cailS
3) Decomposition reactions: It is a chemical reaction in which one
compound breaks down into two or more simpler substances (either
elements or simpler compounds). Simply put, it is a "breaking" or
"decomposition" reaction.
General form of the equation: rAlalaall dalal) 3 ) guall
AB - A+B
Sy g san] AL Alin) Al Lo e Loilh lasS ol 5 5ausS (pon i Sl () 15883
sLeSl o gzl of 51 IS ddliae QIS b 48Ul 2 ()5S )]
Because decomposition reactions involve the breaking of chemical bonds, they
often require the addition of energy. This energy can take various forms, such as
heat, light, or electricity.

elay s til) ol ) o g )l i SSi 26 Jlia
Example 6: Ammonium nitrate decomposes into nitrous oxide and water.
NH4NO3i) — N2oOg) + 2H20(g)
S e A AT paie & yaie PBla) shawal) SaY) cMe W (4
4) Simple substitution reactions: substitution of one element for another in
a compound.
General form of the equation: rAlolaall dalal) 3 ) guall
A+BC—>AC+B
aaf Jae Ldill jeaiall dagd 6 jo ae (Walis JiST) lats puaie Jeliyy «odleldil) o g gill 12 b
DA i 5 uan S e (oSS o Aaiil y (Uabis JBY) jeaiall) S pall SN A5 Sl pualiall
In this type of reaction, an active (more reactive) element reacts with a compound,
replacing one of the components of that compound (the less reactive element).
The result is the formation of a new compound and a free element.

S E—o
Types of simple substitution reactions: shasad) JSlay) cile s g1 gl
1 AT 3 Jaa 1N Maf e
Sl 80 s sl S e Ul ST el S G 6 Lesie Caaay
e Substitution of one metal for another:

It occurs when the free metal is more reactive than the metal in the
compound.

ibgll cilualyl aglall slialg
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Example 7: 17 Jha
Zn + CuSO4 — ZnS0O4 + Cu
: 18 Aol g3 p2alaa¥) (e Cragogdl Dal e
e Substitution of hydrogen from acids by a metal:
oabea¥) 8 g ) Jae Jad Al ol ) ey
Some active metals displace hydrogen in acids.
Example 8: :8 Jha
Mg + 2HCl — MgCl, + H»
AT Y Jae ES) JMa) e
e Substitution of a nonmetal for another nonmetal:
(I2 <Brz «Cl «F2 Jis) Sl gllgll o oy Glle
It often occurs among halogens (e.g., F2, Clz, Brz, I2).
Example 9: 19 Jua
Clz + 2NaBr — 2NaCl + B
e Bl i i Alas Jags ) il (e Ualiin ST jall peaiall ¢S 13) Jad Jelal) cuasy
203 0S8 b e sb LS sl Il AL ol
A reaction only occurs if the free element is more reactive than the element it will
replace. The order of reactivity is known as the chemical activity series. As shown
in Figure 2-3.

Metal activity series | <l Jalds Al
S sy
lowest highest
Au | Ag | Cu | Pb [ Sn [ Ni| Co | Fe | Cr | Zn | Mn | Ti | Al | Mg | Na | Ca | Sr | Ba | Cs | K| Rb Li
Nonmetal activity series <ol 3o Jalis Al
@J‘Y\ é;y\
The . The
lowest highest

L, B, |[ChL |F,

pealiall ey Bl ALl 23 J<E
Figure 2-3: Activity sequence of some elements

Exercise (2-6): :(2-6) s
e o A3 3SRl il i) (g V) EBle Wl (e S Cianis Ja 53

Predict whether each of the following reactions will occur, indicate the products
formed, and then weigh them:

1) | Mg + ZnClyeg) —

2) | Fogy + 2HClag) —

3) | Al + AlCl3aq —

4) | Fei) + NazPOuaq) —

5) | 2Als) + 3Pb(NO3)2@q) —

ibgll cilualyl aglall slialg
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O S e (Sl S e G LY Jals o 93l JaY) edle s (5

5) Double replacement reactions: the exchange of ions between two

compounds to form two new compounds.

General form of the equation:

AX +BY — AY + BX

e (Al clis¥) clisil) A Y 5 X 5 (Raasall @lisV) Glisal<ll a4 B 5 A dus

Baa S e 0 oS3 AL il 5 e LagiSLal i 58 e IS oy ¢ Jelil)

Where A and B are cations (positive ions) and X and Y are anions (negative ions).

In this reaction, both cations exchange places with the corresponding anions to

form new compounds

Aobaall Zalall 5 ) gual

@

Example 10:

110 Jus
NaOlHag) + CuCla@ag) — 2NaClg) + Cu ()

1E 9l JBaY) cile it 45 g § pal) bl calaal) 4USE Apulul) ) ghadl)

Basic steps for writing balanced chemical equations for double replacement reactions:

NSMO

JL ) ghadl)
Example Steps
ke il Al KU il i)
AI(NO3)s + H2SO4 Write the chemical formula for the | (1
reactants. i
NOy 5 AI** 48 AI(NO3)s 'I‘:"t.ds - @u‘i.“**ﬂ'd“"bﬁ\’t'_ il
SO s H' 4 HaSOx en }fy 1e positive and negative (
ions in each compound.
& Q) 515 o g G sal US G daa )
AP aedasi 3 SO4* DAY Sl
H' g kg2 NO3” Match each positive ion to the 3
negative ion in the other compound.
5 sl lixie 3l 5l il gl )
Al2(SOs); A @
HNO:s Write the chemical formulas of the
products using step 3.
VAV Je il AL Z e Alsbaal) i€
.z JJ}J\
AI(NO:3)3(aq) + H2SO4(aq) — Al2(SO41)3) + HNO3(aq) Write the complete chemical (5
equation for the double replacement
reaction.
Al ()
2AINO:3)3(aq) + 3H2SOs(aq) — Al2(SO4)35) + 6HNO3ag) Balance the equation. 6

GJJ‘}A\ IV ¥ alae LUS ¢l ghad 224 JSA
Figure 2-4: Steps for writing double replacement equations
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:(2-7) s
gy S g )0 b 30l e i) Cala
Classify the following reactions according to the types you have studied:
ial) Uslaall
Classification The equation
Ca Sl 2 G 4 el — el <l aan
sulfur trioxide + water — Sulfuric acid
psmmielall ) IS+ das 5 o guaiele + TIT waadl 3y )5lS
Magnesium Chloride + Iron — Magnesium + Iron III Chloride
Dl e 5 kY1 le iy CpanSY) a5l e (i die
When oxygen fluoride gas is heated, oxygen gas and fluorine gas are
produced.
Sl Qi dlee Adand g slall (o (iS5 G5 ued) e J saanl
Obtaining hydrogen and oxygen from water by electrolysis.
51805 o0 el Jos o plalall e e Jo

We get table salt from the reaction of sodium and chlorine.

pul il ajlig
istry of Education

Mil

Exercise (2-7):

(1

2

3

4

(5

Reactions in aqueous solutions i) Jallaal) & cdle i)

e (o aall) Aleliial o gall (585 Lavie aaad il Abiasl) cblelil a dalal Jilladl) ke lis
Jstaadl (338 JSY) g5 cadeS elall Jamy e liill s2a 8 oLl b
Aqueous solution reactions are chemical reactions that occur when the reactants
(solutes) are dissolved in water. In these reactions, water acts as the solvent and
is the largest component of the solution.
Classification of substances in water: sslall A 3l gal) Ciiiuas
(LS Qi 53) il sl ) i) e g 58 e 2y elad) 8 010l il ) (ol
Compounds dissolved in water are classified based on their ability to dissociate
into ions (conductivity of electricity).

Example Properties Type
i Dl ) G S e 0 oS e lall 3 JalS I ol ) el . s
(salt) (plekl) =le) NaCl Al 2o ) il 5 alea¥) s Al A Y1 LS all alana | ZJ{J\SB‘!
(b5 5 2ell Jaes) HCI | They dissociate or ionize completely in water to form a large Al
(hydrochloric acid) | number of ions. Most ionic compounds include solute strong
compounds, strong acids, and strong bases. electrolytes
sl Jads il gVl e il sae cp K3 elall 8 L sa cplis | calial 5 <y
CH3COOH P . Sl
(i) aen) Adpaallaelg@lly | ddmal
i o Partially ionize in water to form a small number of ions. weak
(acetic acid) .
Includes weak acids and bases. electrolytes
B A “le i S an T, few . . e
L]l Ci12H20 ) _ o . e ]
( #+) CroHz0n It dissolves in water but does not ionize or dissociate into elecr‘i;);ll e
ions, and remains in the form of molecules.
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Aal) Jallaall (B Aty ) i pal) oy g3
Dissolution of Molecular Compounds in Aqueous Solutions:
o3 ol Ladie Apaalusi Jayl 5 5 Adasi ya 153 (g (0 5SE 3) ga (Apealiadill ) Ay jall LS all 2
Ot ) (8 Hla (gaaly (8 pai Leild ¢ Jle Jlaa (8 LS Al
Molecular (or covalent) compounds are substances composed of atoms held
together by covalent bonds. When these compounds dissolve in an aqueous
solution, they behave in one of two main ways:
(il g I (49 9S5) i 99 Olasd (1
1) Dissolving without ionization (formation of non-electrolytes):
)@ ol (alal€diiadl e ol dala dalall 4 jall Gl el o gl iSY) Ll g 13a
25085 e S 4y 8
This is the most common behavior of ordinary molecular compounds, especially
those not classified as strong acids or bases. As shown in Figure 2-5.
Example 11: 11 Jlia
Sugar (sucrose): O ((OsoSall) S
Ci2H2201159 —  Ci12H22011aq)

H
/
H=0 H
R /
& oSl Glgd 125 Jsal) l &
o H—C:) i 2 /O—H
¢l i HAAl CIHZ/:\*‘i I
. . . . 0—C H C\ /C H \O<|: H-0
Figure 2-5: Dissolving o\l N,
sugar in water I L
= e Ny =8
\ : o=H ;
Ho H=0 H
H

(S S G 8ST) i) g s (2
2) Dissolution with ionization (formation of electrolytes):

o3 (can ol oy oS el iy G e Apadal) Ay Jad) S el oamy Je il duala cVla
2-6 JS3 A e s LS (il Aleal)

In special cases, some polar molecules react with water molecules to form ions.

This process is called ionization. As shown in Figure 2-6.

Example 12: 12 Ja
HClg) + H:Og) — H307ag) + Cl (ag)

-

Gl g SV Glgd 12-6 J<A)

slall 4 /
Figure 2-6: Electrolyte V. A
solubility in water o~
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4ilal) Sallaal) 8 435 631 S sall il 93
Dissolution of Ionic Compounds in Aqueous Solutions

8a Al g s g il gl ) (eSS (3 yla e (slall Jie) dadall Jallaall 8 35 01 LS pall a5
O slal s cadall S Levie (Hydration) 2alel) sf glisdll auly dalasll 038 Cajed A4S al)

slall (A aledall =le (i sddglee 227 US4
Ionic compounds dissolve in polar solutions (such as water) by dissociating into
freely moving positive and negative ions. This process is known as dissolution or
hydration when the solvent is water. Figure 2-7 shows the process of dissolving
table salt in water.

=01 2 NaCl alakalt zele L33
“‘3.“::,“:‘ Pe - e -
Q @ %@@ Y0
o 2% ¢ %Q@

slall 3 4 52V S sall o s3 227 S
Figure 2-7: Dissolution of ionic compounds in water

Describing reactions with ionic equations: 14 5 ¥ alaally cle ) cika g

Al dAala ddy Sl I Wil el (8 colelill Ciua gl A ¥ ¥l andind

Agsall il 5 s
[onic equations are used to describe reactions in aqueous solutions more
accurately, especially for strong electrolytes.

gl JS e elall 8 3y0aal) 3 gall il g SIY) asen el 5 (RSl ALY A ity Adalaall (1
iy ) Ak (aamaal) il S f) AN oLl ol i) Ly (S
1) Complete (overall) ionic equation: All strong electrolytes dissolved in
water are shown as dissociated ions, while the precipitate, water, or gas (or
weak electrolyte) is written in its molecular formula.

Example 13: :13 Jha

AgNO3(q) + NaClug) — AgCls) + NaNOszag)
1 IS Jo Ll 3gd ALK 2 5391 Aabaall 2S

Write the complete 1onic equation for this reaction as follows:

Ag"aq) + NO3ag) + Na'ag) + Cliag) = AgCls) + Na“(ag) + NO37ag)

Sl Y A g e il il Y1 Cadan Lale J saanll 25 5 (Asilgdl)) Adlall A o) Aalaal) (2
(el Jelall 3 Ulad o Ui Y 5 ozl il g cdleliall ala 8 500 ()50 el
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2) Net (final) ionic equation: It is obtained by eliminating spectator ions,
which are ions that appear unchanged on both the reactant and product
sides and do not actually participate in the chemical reaction.
Example 14: +14 JGa
Ag @) T NO3"aq) + Na'ag) + Cl'ag) = AgClis) + Na'ag) + NO37ag)
a el UG 51 Cadad Je il 13g) Alall 4 631 Alaled) 210
To write the net 1onic equation for this reaction, remove the spectator ions:
Ag g T Iyés'(aq) + M%) + Clag) — AgCliy + W' gy + NBs e
Final result: Al da gl
Ag' g T Cliaq — AgClg)
Iy o 059 (gl sl 5 dle Laiall) A 0] Aol 8 ke 850 5 50 i gl & sAa i) cligdY)
Al ] Ailas s 3 s ol Lede
Spectator ions: ions present on both sides of an ionic equation (reactants and
products) without undergoing any change in their chemical or physical state.

Types of reactions in aqueous solutions: sdailal) Jallaal) (A bl linl) g1 i)
aad Sl Jslaal) (e il V) (any Can &5 1) Jadh SlaiSa rind 5 5 all DAY el diaay
A 3l

A double replacement reaction occurs and is considered complete only if some of
the ions are removed from the solution to form one of the following products:

(e ) e W) Gl 0S5 (1

1) Precipitate formation (Precipitation reactions):
Jmiy (falim 8ae) il gl US ya U580 L)y ampal) (¥ 3as 1 a1 ¢ 50 50
Ul Gl a5 s e idalee 2-8 JSG an Jslaall (e
This is the most common type. The positive and negative ions combine to form
an insoluble ionic compound (solid) that separates from the solution. Figure 2-8
shows the process of precipitation of copper(Il) hydroxide.

Example 15: :15 Jha
2NaOHq) + CuClyag) — 2NaClg) + Cu(OH)zs)

The complete ionic equation: ALK 4 50Y) Alalaal
2Na'(aq) + 20H @) + Cu**aq) + 2Cl'aq) — 2Na'(ag) + 2Clag) + Cu(OH)zs)
Net ionic equation: Adlall 43 ) Aaball
2 ) + 20H ) + Cu?*ag) + 22 ag) — 20" g + 220 (ag) + Cu(OH)s)
20H ag) + Cu*'(ag) = Cu(OH)s)

:2-8 Jsall
Figure 2-8:
Precipitation Reactions

ibgll cilualyl aglall slialg



.-.'.:j:_‘:.:_::: CLL_QQ_D .
e uiane Mawhiba ﬁ.g;.:lla!
(Jaladl) el lds) ela o5 3 (eSS (2

2) Formation of a water molecule (neutralization reactions):
L) 308 5 5 ued) O sal ae Gaaall e (HY) sl Cn s suel) (ol 2ay 330y (mes G Caany
sl o Sidle 2.9 K5 i Jobia (H0) ebe e (pSil e Wl (e (OHY)
It occurs between an acid and a base. The positive hydrogen ion (H") from the
acid combines with the negative hydroxide ion (OH") from the base to form a
neutral water molecule (H>O). Figure 2-9 shows the process of water formation.

Example 16: 116 JGa
HBrq) + NaOHq) — NaBrag) + H20q)

The complete ionic equation: AR PEPAPACPA|
H'@q) + Briag + Na'@g) + OH ag) — Na'@g) + Briag + H20q)

Net ionic equation: -dgilall 40 oY) Aalaall
H (ag) + B aq) + 28" ag) + OH (ag) — W' aq) + B ey + Ha200

H'(ag) + OH aq) — H20q)
:2-9 Jil)
Jaladll e L
Figure 2-9: =
Neutralization reactions S ~a

8 eSS (3
3) Gas formation:
saen Jia ¢ e 8 Loy 0y JIad e A 1 i Lo Glle Jglaal) ey 15le il il aal
COy e 2ebaill (A s yuel) asd saaall G5 xS ) 50all l g a iy 518 5 sgl)
One of the products is a gas that leaves the solution. This gas often results from
the decomposition of an unstable intermediate compound, such as acetic acid with
baking soda (sodium hydrogen carbonate), to produce CO> gas.

Example 17: 17 Jéa
Chemical equation: Al Aaladl)
NaHCO3(aq) + HClag) — NaClag) + H20() + COzg)

The reaction takes place in two stages: (Ol ye e Jelil) Sy

1. NaHCO3(aq) + HClaq) = NaClag) + H2CO3(g)
2. HoCOs(e).— HrOp) + COxg)
NaHCO3(aq) + HClaq) + H{O?,(g) — H%O3(g) + NaClg) + H20q) + COxg)

The complete ionic equation: ALY A 501 Aaladdl
Na'(ag) + HCO3"(ag) + H'(ag) + Cl'(aq) = Na'(aq) + Cltaq) + H20q) + COxg)
Net ionic equation: Jdgiliall 43 oY) dAdaladl)

YA uq) + HCO3(aq) + H'tag) + 2 ) = Mgy + 2 aq) + H200) + COx)
HCO37(ag) + H'aq) = H200) + COxg)
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Exercise answers Sl Haill bl
Exercise (2-1): 2(2-1)
et oo — Ceasoed) d

Exercise (2-2): 2(2-2) uu
a5 sl il 5 A, il 3l 1 sl

Exercise (2-3): :(2-3) s

aleall a ol sal) <l IS 5 Caliall o gl gl 3y ) IS+ cpansY) e
2KClO3i) — 2KCl) + 302
Exercise (2-4): :(2-4) s
CaCOs + 2HCI — CaCl, + H,O + CO2
2KOH + H,SO4 — K»SO4 + 2H,0
3SnSO4 + 2K3P04 — Sn3(PO4)2 + 3K5S0Oq4
2Al + 6HCI — 2AICl; + 3H»

Exercise (2-5): :(2-5) s
1) CoH402 + 202 — 2CO; +2H20
2) Mn(NO2): + BeClz — Be(NO2)2 + MnCl,
3) 3AgB1‘ + GaPO4 — Ag3PO4 + GaBrn3
4) 3H>SO4 + 2B(OH)3 — B2(S04)3 + 6H,0
5) 2NaNOs + PbO — Pb(NO3), + Na,O
6) Ca3(PO4), + 3H2SO4 — 3CaSO4 + 2H3PO4
7) 2Al+ 3H2SO4 — Alx(SO4); + 3H;

Exercise (2-6): :(2-6)
1) | Mg + ZnClaaq) = MgClag + Zng)

2) | Foq) + 2HClaq) — Clow)+ 2HF 4

3) | Alg) + AlClzaqg) — NR

4) | Fe) + NazPOgyaq) — NR

5) | 2Al) + 3Pb(NO3)2aq) — 3Pbs)+ 2AI(NO3)33a)

Exercise (2-7): :(2-7) s

o g €I S G 4 ele 5 @l SN Gaen
. sulfur trioxide + water — Sulfuric acid a
Lo Sl pommielall ) IS+ das 5 o gusiele + T waall 3y 4lS @
B ‘ Magnesium Chloride + Iron — Magnesium + Iron III Chloride
s e 5 sy Sl i sy a5l Sle i die
Bl When oxygen fluoride gas is heated, oxygen gas and fluorine gas are | (3
produced.
e Sl Bl dlee Adand g s lall (e CmaniSY) 5 G5 ved) e saanl “
Obtaining hydrogen and oxygen from water by electrolysis.
e SN 5 o 903 suall Jelas O plakall Lo Qr- Joans . 5
’ We get table salt from the reaction of sodium and chlorine.
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Measuring Matter

Ol ) e Jaladll e Aald @y salal) 4ueS st ) elall 8 30l (il mllaias pudy
reall & daliie Gy jall g <l A Y 5l il 5 cle bl (e Badae G (et il e
Maalall 408" I3 Al (i 33 S (Mole) Jsall ¢ silaasll aaic ) a8 ¢ o0 58 IS5 e Sy Y g

(ST) las 5l T gall JUai) 3
In chemistry, the term "measurement of matter" refers to the precise
determination of the amount of a substance, especially when dealing with
chemical reactions that require specific ratios of reactants and products. Because
atoms and molecules are so small that they cannot be counted individually,
chemists adopted the mole as the basic unit of measurement for "amount of
matter" in the International System of Units (SI).

@ (@hagﬂ\ Luall Dlas g }i c&\jﬁiﬁ\ oty jall cQ\Jﬁ\) Glaswadl 2] 40ubil) 3as 11 a1 gall
bl

Mole: The standard unit for counting particles (atoms, molecules, ions, or
chemical formula units) in chemistry.

JEs lagusall
Example Particles
(\..JSA} cAg «Cu Fe ) )mhaj\ L".\\J.S U"_i\‘)...ﬂ\
Atoms of elements (Fe, Cu, Ag, etc.) Atoms
(H0) ClS pall Gl g ¢ (1358 5 (PyeF2¢Og) palial) iy S
(s 5 «CO, i 3ol
Elemental molecules (O, Fa, P4, etc.), and compound Molecules

molecules (H20, COa, etc.)

M Bagae il ) (1388 5 «Cr2t «Cl) Al il Y
(13 5 NH4+ <OH) <l 1Y)

Monatomic ions (C1-, Cr?*", etc.), polyatomic ions Ions
(OH~, NH4", etc.)

(AL,03NaCl) 4 sl S s ((Si0) 4Sed A a Al e | Al dapall cilas
Covalent network compounds (SiO>), Ionic Chemical formula
compounds (NaCl, Al,O3) units

00 12 g (8535 sall Clapall (e dudi daall e (5 gins ) 3alall 4paS iy J gall Liasl oy

((Na) s sl aae cany Culdll aall 138 12-0) 5 81 yakai

A mole is also defined as the amount of a substance that contains the same number

of particles as 12 g of the carbon-12 isotope. This constant is called Avogadro's
number (Na).

A 6.02x10%% = (Na) sl g8l 2xe
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The relationship between moles and the number of particles

A A8l ey Clapuad) 2ae 5 Y gall c il 5 jola 8 dae alasin) (Say
Avogadro's number can be used to convert between moles and the number of

particles according to the following relationship:
;a.:\.abl:\ 5\ 43%a1)
Mathematical relationship:

Glaveall dae
e gl e = 2
5ol 8 2ae
N
n N A
Example 1: 11 Jua

Sasaie ) 5a 3,3 5.75%10%4 Y 5 220 Lo
How many moles are there in 5.75x10%* atoms of aluminum?

:Jadl
N
""Na
_ 5.75x10%%
N 6.02x1023
n=9.55 mol
Exercise (3-1): :(3-1) s

€Sy @l 3 (e aae ST e (g ging Al @l jlall
Which of the following options contains the largest number of oxygen atoms?
10.0 mol O3 (a
3.0mol Oz (b
16.0 mol Oz (c
16.0 mol HO (d

Mass and mole Jgall g ALigt

lapaall (pe 5 oda il axe e (s gind die A1 gl alal) e 2al 5 Jsa ALS o aa) gl sall ALiS
The mass of one mole is the mass of one mole of a substance, that is, the mass of
a sample containing Avogadro's number of particles.
(M) 4 gal) A<
(g/m(_)]) paial) 138 Y e A;\Jd}o:\_\is‘;% izl 4] gal) A

Molar mass (M)

The molar mass of an element is the mass of one mole of atoms of that

element (g/mol).
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MOLAR MASS
AJ gt AlusST)

The mass of one mole of substance Eoladl o Jge D=lg AlsS
(6.02 x 1023 particles) (6.02 x 1023 particles)

A\

W

1 MOLE OF SUBSTANCES

1 mole of any substance equals its molar mass in grams
Ololyzelb Ad 9ol AliS (S9luw Bole ST (po Jgo I=19
Al gall ALK Jiias 231 JS&
Figure 3-1: Molar mass representation

SV () Jsaall 883 gm pall) emial) QI3 dsel) 2,30 ABSY (5 sl _miall 2 sall ALSI)
(amu) 43 A 3as 5 e Y g/mol 32s 53

The molar mass of an element is equal to the relative atomic mass of that element
(as found in the periodic table), but in g/mol rather than atomic mass units (amu).

Example 2: 12 Jha
1(02) CpanS A sal) ALY
O : 2x16.00 g/mol = 32.00 g/mol
4l gal) ALK (M) = 32.00 g/mol
Exercise (3-2): :(3-2)
as 5 Jge W _luie) (S ¥ A0 ol L) (e
Which of the following cannot be considered one mole?
6534 g7n (a
26.0 gFe (b
Ag?,26.02x105 (c
0, 52 6.02x10% (d

Ay 1) A8dal)
Mathematical relationship:
) Ay
. m
"=
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Example 3: 3 Jlia

£3.75 mol ¥ se 220 4l Al A 4 saie 51U clal jally ABSH s
Calculate the mass in grams of aluminum Al which has 3.75 mol?

:Jadl
m=nxM
m = 3.75mol % 27g/mol
m = 101.25¢
Exercise (3-3): :(3-3)

¢ CsHoNO; (sl 4 gall A1) L
What 1s the molar mass of CsHoNO»?
162 g/mol (a
76 g/mol (b
151 g/mol (c
70 g/mol (d

A g claswald) a3 ¢y A8
The relationship between the number of particles and mass

lapall e
X 6.02x10%

il gall ALY

3\.‘353\ molar mass of particles u] “.3 =. n
mass L particles
30 gall ALY Slapal) e 0y
- 6.02x10% +
molar mass of particles

]
sl M)l s 132 JSA
Figure 3-2: Some moles relationships
Example 4: :4 Jua
THg G530 00 11.5 g 8 A e L
How many atoms are in 11.5 g of mercury Hg?

:Jad)
N-= % X 6.02x10%3
11.
N= > X 6.02x10%3
200.6
N =3.45x10%253
Exercise (3-4): :(3-4) ¥

¢ NaF a2 pall 2518 (0 2 Mol (8 32 9> 9l Gl Yl Y e 22 S
How many moles of ions are present in 2 mol of sodium fluoride NaF?
0.5 mol (b 2 mol (a
1 mol (d 4 mol (c
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Relationships between the mole and the chemical formula of compounds

Al lie 30 S Hall Eilal) daguall 5 Jpall (el Ly 5
The relationship between the mole and the chemical formula of compounds is
based on three basic concepts.
S pall Al dially LeiBe g 4 gal) ALSY) @
e Molar mass and its relationship to the chemical formula of
compounds
S yall A gl AL a5 (a5 ¢ puie JS (e 3N 220 20ail (S el A lai€ll dapall aadind
Al el LS 4l &5 5Sall 3 aand 2,30 S e
The chemical formula of a compound is used to determine the number of atoms
of each element, and then the molar mass of the compound is calculated by adding
the atomic masses of all the atoms that make it up as they appear in the formula.
Example 5: :5 Jua
To calculate the molar mass of water (H20). (H20) slall &3] gal) A1 sl
H:2x1.008 =2.016 g/mol
O : 1x16.00 = 16.00 g/mol
4l sl ABN M =2.016 + 16.00 = 18.016 g/mol

S yall il drpally A 9 g joka g8l 20 o
e Avogadro's number and its relationship to the chemical formula of
compounds
S all 43 Sl pealiall (e (Y gal) ) lapal) dde A Al Dapall Jics
A chemical formula represents the ratio of the number of particles (or moles) of
the elements that make up a compound.

Example 6: :6 Jua
12 (4 dapall e sl Gl (e e i 6.02x10% e s siag (CHy) Olisdl e e dse 1
sle Ll (5 giny J gall

1 mole of methane gas (CH4) contains 6.02x10%3 molecules of methane. Based

on the formula, this mole also contains:

Aagall A G5 S e dad sl 5353 2 5 45Y (53 6.02%10%3) (C) 0sS &3 (e Jse 1

1 mole of carbon (C) atoms (6.02 x 10%* atoms). Because there is only one carbon

atom in the formula.

O s oued) (e Jah l 3wl a0 AV (33 4%6.02x1023) (H) O souedl I3 e U5 4
Al i

4 moles of hydrogen atoms (H) (4x6.02x10* atoms). Because there are only four

hydrogen atoms in the formula.
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S gall Aibaa€l) A pually LgBNE 5 Al sal) consll) @
e Molar ratios and their relationship to the chemical formula of
compounds
Sl (e J e JS A Y e 220 ) AilasSll Arpeall Al Q8 Y1 50
The subscripts in a chemical formula indicate the number of moles of atoms per
mole of the compound.

Example 7: 27 Jua
9(CO2) st 2l G 8 A sall il L
What is the molar ratio of carbon dioxide (CO)?
:Jal)
CO2 e Jse 1 K U502 (N dsa 1 (o GannsSY 5 50 SU A gl Al
The mole ratio of carbon to oxygen is 1 mole to 2 moles per 1 mole of COo.

MM\M@M\MM*\SJ}S\

R

Relative percentage composition of the chemical formula

A0 5 5S5 dpal) 028 Al 5 S ) 8 jeaie JSIABKIL 4 giall Al 8 (5 sl ool S i)
" Al paa o il iy ol (Sl
Percent composition is the percentage by mass of each element in a compound or
sample. This percentage is constant for a pure compound, regardless of the sample
size.
sdualy ) A8%al)
Mathematical relationship:
CSal i emiall AES

iall L A i)l ] =
el LI A i A aoaam 100

i
S
aadl AL Al ATy Aadl )yl dae
LI, By g il = 2o FE T X IEE TR
S yall i yal) ALK

Mass of element in compound % 100

Mass percentage of an element =
Molar mass of the compound

or

Percentage by mass =
Number of atoms of the element x Molar mass of the element "
Molar mass of the compound

100

31 Gsbe S 5all 43 Sl pualinl) yend SN 2 giall il £ sama (150 O ony 2Aaly daadla

2100 (e 2 Ly 8
Important Note: The sum of the mass percentages of all the elements in a
compound must be equal to or very close to 100%.

ibgll cilualyl aglall slialg
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Example 8: :8 Jla
$CO; G5 8 2l A (g giall nil) (a5l das
Determine the percentage composition of carbon dioxide CO»?

:Jadl
M = (1xC) + (2%x0)
M = (1x12.01) + (2x16.00)
M =44.01g/mol
Syl 8 pumiall A1
0/ — -
Co% = T < 100
12.01
0/ —
C% 22.01 x 100
C% = 27.29%
S pall (b eaiall AIS
0/ — -
0% = a1
_ 2x16.00
0% =72.71%
Empirical formula Y daall

230 53 Y 5 S all 4531 pemlial) 53 Aipnm Bynae At ol (g0 it AiliaS i 0
0585 By (Aadll ) daadlal) Ly el Gllall (e @ L We 5 e all 8 clall ladl)
O 8 23Sl 365 (HL0) slel) e b€ pall a4 5all dasall Lpusdt 4 40,59) dapall
A5V dapal) dlay) dlenl 3 jeaite il sha 323 JSE i (COy)
It is a chemical formula that expresses the simplest whole number ratio of the
atoms of the elements that make up a compound. It does not represent the actual
number of atoms in a molecule. It is often derived from empirical data
(observation or experiment). The empirical formula may be the same as the
molecular formula of some compounds, such as water (H>O) and carbon dioxide
(CO»). Figure 3-3 shows a simplified step in the process of finding the initial
formula.
Steps to find the empirical formula A g¥) dipall dag) & ghad

Steps <l shaill

o Jasadl 138, 100 g LS e bl (f i 8 A &) gia s o lplanall S 13

ol A A glse _emiall A gial) il o i ilibuaal

If the data are mass percentages, assume you have a sample with a mass of | 1

100 g. This conversion simplifies the calculations, as the percentage of an
element becomes equal to its mass in grams.

sshall 4 dhsaill aey 5l 5 pdlaall Cillarall (e ¢ g Lgple Jgeandl ary pualindl J5S ) g

A gl da 1) 4SSy gl pemiall By 30 A ohakily Y 5 N (1| 2

39

ibgll cilualyl aglall slialg



S Mk NSMo
Convert the masses of elements obtained (either from direct data or after
conversion in step 1) to moles. Use the atomic mass of the element to
convert its mass to the number of moles.
s shall i lple cloan il emie S Y e 30 el 2ok (8 il 3o e ansl 3303
L Y e 220 jral e (2
Determine the simplest mole ratio by dividing the number of moles of each | 3
element (which you obtained in step 2) by the smallest number of moles
between them.
oS e s gind culS 1Y) Ll 5 ghadll 38 glaid cagaa Dlac 33 shaall 8 ilinl) cuilS 1)
gona 2 jheal el pes e Guob e Aapniaa dhel L Lehsad sy e
Anaa Blac ] LIS Lelaay
If the results in step 3 are integers, skip this step. If they contain decimals,
convert them to integers by multiplying all values by the smallest integer
that makes them all integers.
abiall i B8 5K 4 51 35 shadll e Al dagaiall slae Y1 alasiinly 440 5V Ll 4
i AL Al il b
Writing the empirical formula using the integers from steps 3 or 4 as
subscripts for the elements in the chemical formula in order.
A3 el sl il s 330K
Figure 3-3: Steps to find the empirical formula
Example 9: :9 Jla
JE) (0) oSl 53.3% 5 (H) 0503 6.7%5 (C) 05205 40.0% (30 055 (5 suae S 3
(0=16.0 H=1.0 «C=12.0 :4:,
An organic compound consisting of 40.0% carbon (C), 6.7% hydrogen (H), and
53.3% oxygen (O). (Atomic masses: C =12.0, H=1.0, O = 16.0).

:Jad)
dapaall alac Yl A gl Al Y sl d2e ALY

(4 5 5halh) (3 5shaall) (2 5 shaal)) (1 3shal)) _paiall
Integers Mole ratio Number of moles Mass Element
(Step 4) (step 3) (step 2) (step 1)

1 3.33/3.33=1.0 | 40.0/12.0=3.33 400 ¢g C

2 6.7/3.33 =2.01 6.7/1.0=6.7 6.7¢ H

1 3.33/3.33=1.0 | 53.3/16.0=3.33 533¢g O

CHy0 o A ¥ &apall (80 =1 H=2 «C = o dapnall sl i Loy
Since the integers are C = 1, H=2, O = 1, the empirical formula is CH-O.

Molecular formula 4y ) daal)
L) Gudy e yall (A aie JS @l dae (ol (S all sl (S gl edad Al dxpall o

It is the formula that shows the true composition of the compound, i.e. the number

of atoms of each element in the molecule, not the simple ratio between them.
40
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The difference between molecular formula and empirical formula

4y ) Al A5V Al 4 lad))
Molecular formula Empirical formula Comparison

O Angnia nae A el (s
Show the simplest integer | Definition
ratio between atoms.

sl (Al A aal) daall s
Shows the actual number of
atoms in a molecule.

Jl
CsH1206 CH20

Example

Lagin 483all
(Al Y dapall x ) = Ay jall dauall The

Molecular formula = (n x empirical formula) relationship
between them
How to find the molecular formula: rdah ) drpal) alay) Adus

S all Y dpall sl (a
a) Calculate the empirical formula of the compound.
AW dapall A gall ALY Caal (b
b) Calculate the molar mass of the empirical formula.
AUl ddll sl (c
c) Calculate the following ratio:
S pall il A pal) A1)
A ) Haall A gal) ALK
Al Al e deaniln A3 W) Al Jse) al (d
d) Multiply the empirical formula symbols by n to get the molecular
formula.
Example 10: :10 Jua
9 ) disna e 56.12 g/mol s sl 4 sall 431S 5 CH) 4l oY) 4ina oS 4
A compound has the empirical formula CH: and a molar mass of 56.12 g/mol.
What is its molecular formula?

n

:CHp 43l 5Y) Bl 4] ) 2K (2
a) Molar mass of the empirical formula CHo:
(1x12.01) + (2x1.01) = 14.03 g/mol
n LSSl Glas g 2e (b

b) Number of repetition units n:
_ 5612 _

14.03
Al dnall (c
¢) Molecular formula:
(CHz)X4 = C4Hg

41

ibgll cilualyl aglall slialg



o

o NSMO

Formulas of Hydrates L) 2 3Y) e

S JA)a 3 s el Q@ﬁmamjwqmécé)hﬁgh@ﬁi S e g Al mlall

Mokl el ode elall i (s Ay 5 Sl
A hydrated salt is a solid ionic compound that contains a specific, definite number
of water molecules trapped within its crystal lattice. These water molecules are
called "water of crystallization."

(o) (g3 h e dale) ade ) oLl ela Ol a e A ) 2ay K1y condall il sa AL Ll
An anhydrous salt is the same salt but with all of the water of crystallization
molecules removed from it (usually by heating).

Osll Al 8 Lo ¢ AL mlall e ddlidg alliad Sl ald) glae) ) slall el 39a 5 52

(34 JSall A e s WS (S Gan) A S G0 (e pelaill iy S J s Jia)
The presence of water of crystallization gives the hydrated salt different
properties from the anhydrous salt, including color (e.g., copper sulfate changes
from aqueous blue to anhydrous white as shown in Figure 3-4).

heat

éﬁ’%w

CuSO0O,4-5H-0 CuSO,

S G ) Sl 55Y) (e pelaill il S Jsad 13-4 JSa)
Figure 3-4: Copper sulfate changes from aqueous blue to anhydrous white

() Ak Lagin daaiy 5 colall iy o e S el dinn ety Sl bl drpea (iiSS
The formula for a hydrated salt is written by combining the formula for the
anhydrous salt with water molecules, separated by a dot ().
General formula: rdalal) dapal)

anhydrous salt. xH>O

e

g

where:
(W) (5523 S pall Al Arpeall o : Sl Ll

Hydrated salt: The chemical formula of an ionic compound (salt).

el e 2al 5 Jse S5 ddasijall elall Gy Ja Y 5 230 iy (A 34) omaa 220 98 1x
x: 1s an integer (molar) that represents the number of moles of water molecules
associated with each mole of salt.
Example 11: + 11 JGa

slall ulea SUEN Quladll S 5 CuSO4-5H20
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Naming of hydrates Apilal) 3 dands

(O35S ansl 3 ) 5V ) Balizall 48 hally (AL ) ) dpansi ]
1. Naming an ionic (anhydrous) salt is the usual way (name the cation then
name the anion).
Al sl bl aladinly 4y dadijal) oLl a2 e Ju adale i) 2
2. Add a syllable to indicate the number of water molecules associated with
it using Greek prefixes.
"u\Jm" }\ "ol ALK, ?’“‘y‘ 91-@—“ 3
3. Ending the name with the word "water" or "hydrate".

I I

sl ialal pgoge¥ oYLl (NH,),C,0,.H,0 1 N
sladl LS pgutISTI 1S CaCl, . 2H,0 2 LS
;Lq_na_:jm fn}f.\}m}‘ﬁuﬂ.wi N362H302. 3H20 3 g,jm

sladt aely (1) wasd i clawgd FePO,. 4H,O 4 o<l
sladt dcwles (I1) Lulstt ol 48 CuSO4. 5H,0 5 uwla>
slott ulo ([1) g3t 58 CoCl,.6H,0 6 (ol
slettdelw pailati ol 8 MgSO, . 7H,0 7 <l
oﬁ‘l-@-”‘:,:im PHJL_L”-—L_M#SQJ-—L_UD Ba (OH)z. 8H20 8 93'143
slett &)lic pgrguaticlis,s Na,CO4.10H,0 10 §olde
Al Z 3 e i 3.5 J<al
Figure 3-5: Examples of hydrated salts

Exercise answers Gy il s

Exercise (3-1): :(3-1) suu
16.0 mol Oz (c

Exercise (3-2): :(3-2)
26.0 g Fe (b

Exercise (3-3): :(3-3) w8
151g (c

Exercise (3-4): :(3-4) quu
4mol (c
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1. | 2. 3. 4. 5. | 6. [ 7. ] 8 [ 9 [ 10 [ 11 12. | 13, 14. | 15 16. 17. | 18.
LA VIII. A
2.1
o PERIODIC TABLE )
H He
1.0 II. A ImA IV.A V.A VLA VILA 4.0
1.0 1.5 EN* 2.0 2.5 3.0 3.5 4.0
7 3 4 atomic number 5 6 7 8 9 10
Li Be Chem. symbol B C N (0] F Ne
6.9 9.0 relative atomic mass 10.8 12.0 14.0 16.0 19.0 20.2
0.9 1.2 1.5 1.8 2.1 2.5 3.0
11 12 13 14 15 16 17 18
3| Na | M VIIL B Al | Si | P S | Cl | Ar
23.0 243 InmBsB IV.B V.B VLB VILB ~ A ~ [.B II.B 27.0 28.1 31.0 32.0 355 40.0
0.8 1.0 1.3 1.5 1.6 1.6 1.5 1.8 1.8 1.8 1.9 1.6 1.6 1.8 2.0 24 2.8
4 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
K Ca Sc Ti \% Cr | Mn | Fe Co Ni Cu | Zn | Ga | Ge | As Se Br Kr
39.1 40.1 45.0 479 50.9 52.0 549 55.8 58.9 58.7 63.5 65.4 69.7 72.6 74.9 79.0 79.9 83.8
0.8 1.0 1.3 1.4 1.6 1.8 1.9 2.2 2.2 2.2 1.9 1.7 1.7 1.8 1.9 2.1 2.5
37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
>| Rb Sr Y Zr | Nb [ Mo | Tc | Ru | Rh | Pd | Ag | Cd In Sn Sb Te I Xe
85.5 87.6 88.9 91.2 92.9 95.9 [98] 101.1 102.9 106.4 107.9 112.4 114.8 118.7 121.8 127.6 126.9 131.3
0.7 0.9 1.1 1.3 1.5 1.7 1.9 2.2 2.2 2.2 2.4 1.9 1.8 1.8 1.9 2.0 2.2
55 56 57 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86
6. Cs Ba | La Hf | Ta W Re Os Ir Pt Au | Hg Tl Pb Bi Po At Rn
132.9 137.3 138.9 178.5 180.9 183.8 186.2 190.2 192.2 195.1 197.0 200.6 204.4 207.2 209.0 [209] [210] [222]
0.7 0.9 1.1
7 87 88 89 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118
| Fr Ra | Ac Rf | Db Sg Bh Hs | Mt | Ds Rg | Cn | Nh Fl Mc | Lv Ts Og
[223] [226] [227] [261] [262] [266] [264] [269] [268] [271] [272] [285] [284] [289] [289] [293] [294] [294]
1.1 1.1 1.1 1.1 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.1 1.2
58 59 60 61 62 63 64 65 66 67 68 69 70 71
Ce Pr ([ Nd (Pm | Sm | Eu | Gd | Tb | Dy | Ho | Er | Tm | Yb | Lu
140.1 140.9 144.2 [145] 150.4 152.0 157.3 158.9 162.5 164.9 167.3 168.9 173.0 175.0
1.3 1.5 1.4 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3
90 91 92 93 94 95 96 97 98 99 100 101 102 103
Th | Pa U | Np| Pu | Am |Cm | Bk | Cf | Es | Fm | Md | No | Lr
232.0 231.0 238.0 [237] [244] [243] [247] [247] [251] [252] [257] [258] [259] [262]
* EN: electronegativity
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1 Chapter 1: Vectors

North
—X +X
West ab East
%
J Y
R 45° /!
d,
South '

A flight of a plane has three stages, as shown in Fig. The first is 400 km eastward, the second is 175
km southward, and the third is 170 km with angle of 45° southwest.

Because that displacement is a physical quantity that has a direction in addition to magnitude, we
represented the displacement of each phase with an arrow or vector. This helped us a lot in

understanding the motion of the plane, and it will also help us in calculating its final displacement or:

dr

We can represent many other quantities than displacement with vectors, such as velocity,
acceleration, force, and so on.

In this chapter, you will learn about the basic concepts of vectors and their applications, which is a

very important topic in physics.
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11 SCALAR QUANTITIES

Some physical quantities, such as time, temperature, mass, density, and distance, can be described
with a number and a unit. For example, when you want to know the temperature outside, the only

information you need is the value and the unit of the temperature. Such quantities are called "scalar

quantities.”
Operations on Scalar Quantities:

Standard quantities Follow simple algebraic rules, such as addition and subtraction, when finding
their result. For example: If you have a box containing 2 kg of sugar, When you add 1 kg of sugar to
the box, the result (the amount of sugar in the box) is 3 kg of sugar. However, when you remove 0.5

kg of sugar from the box, the result is 1.5 kg of sugar.

1.2 VECTOR QUANTITIES

There are many other important quantities in physics that have a direction associated with them
and cannot be described with just a number, they are called "vector quantities".

Example: When you are given the value of the plane's speed, it does not make you realize in which
direction it is moving. Therefore, to understand the speed of the plane, it is not enough to know only
its magnitude but also its direction.

Another example: force, which in physics means a push or pull that effects on an object. Giving a
Full description of the force means describing the value of Force and its direction.

Operations on Vector Quantities:

finding the resultant of vector quantities follows what is called vector algebra.

That is, the method to finding the resultant of vector quantities is not always addition or
subtraction.

for example: The figures show two boxes affected by forces exerted by persons . To find the
resultant of the forces acting on the box, we observe that adding the magnitudes of the
forces can be usedin the first case, while the second case requires a somewhat more complex
method.
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We summarize the difference between scalar and vector quantities in the following table:

Scalar Quantities Vectors Quantities
described by a single number and unit. described by a magnitude and a direction
For example: length, mass, time, temperature, For example: velocity, acceleration, force,
Follows normal algebraic rules Requires vector algebra for operations

1.3 VECTOR QUANTITIES REPRESENTATION

Vector quantities such as displacement,

force, acceleration, etc, can be represented by yV T
Magnitude /K

an arrow whose length indicates the
magnitude, its head to the direction, and its tail oloadl

Direction

the point of effect, as shown in the figure.
< il
Tail
The length of the arrow is proportional to the magnitude of the vector quantity. We usually choose
an appropriate scale; for example, when representing forces, we might choose one centimeter to
represent a force of 5 Newtons. Therefore, if the Force is 15 Newtons, the arrow would be 3 cm long.

The direction can be determined using the known cardinal directions: north, east, south, and west,

or by using angles.

1.4 VECTOR QUANTITY NOTATION
We usually denote a vector quantity with a letter surmounted by an arrow A or with a letter that is

typedinbold A . When we put the vector symbol between the brackets, it means the magnitude of
the vector: For example |A| = [A| = 5 units

Or we write the symbol in italic: fFor example A = 5 units
1.5 VECTORS SIGNS.

In the xy coordinate plane, the vectoris : +Lj

-with positive sign: ¢ = 3 units ‘:;

whenitisin the direction of +x or +y

-With negative sign: b =- 2 units A =4 units
when it is in the direction of -x or -y ) C
-X +X
-Without a sign when itis not in the direction f d = -2 units
A
of either axis. _g
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1.6 STANDARD ANGLE AND REFERENCE ANGLE

An angle is usually given for a vector along with its
magnitude, without specifying the axis from which it

is measured or the direction of rotation. In this case,

the angle is called a standard angle.
Standard Angle 9 :

counterclockwise.

Reference Angle ®: Measured between the vector

and one of the axes.

Measured from the +x axis

+4
|
I

Second quadrant First quadrant

Third quadrant fourth quadrant

-4

Note the difference between the standard angle and the reference angle fFor the vector shown in

the fFigure. Note that the standard angle is measured between the vector and the -x axis.

The quadrants of the coordinate plane are named as shown in the figure.

Example 1-1
+J Find the Following For the vector shown in the Figure
| (a) The standard angle.
777777777 (b) The reference angle with respect to the -y axis.
N T Solution:
-Q (3) © =360°-30°=330° (b) ® =90°-60°=60°

1.7 SOME PROPERTIES OF VECTORS
Multiply a vector by a negative number

Multiply a vector by a positive number

a -23
/ |/ -0.5a

a/‘//"

The resulting vector: with opposite direction

and a different magnitude.

The resulting vector: with the same direction

but a different magnitude.

Vector transport

Negative of a Vector

+Y

fffffff e

-

A vector can be moved from one location to
another as long as its length and direction

remain unchanged.

It has the same magnitude as the original

vector, but in the opposite direction.
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All vectors in the figure 4 above are equal even though they have different starting points.

Example 1-2
Represent the following displacements:
(3) d1=3 cm eastward (b) d>=2 cm southward (c) d3=4 cm northeast

(d) da=3 cm At an angle of 30° southeast  (e) ds=2 cm with reference angle equal to 210°

1.8 ADDING VECTORS
Suppose an object cuts of f a displacement 4 and

~of

then follows it with another displacement B
The end result will be as if it moved straight from
the starting point to the end point which

represents the vector C (the final displacement).

We call the vector C the resultant vector or the sum, the resultant can be written as
follows: C=4+B
Note that the addition here is not an algebraic addition.
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1.9 ADDING VECTORS IN ONE DIMENSION

It is easy to calculate the resultant of a set of vector quantities when their direction is on the
same dimension (line), whether they are in the same direction or in opposite directions, provided
that they are of the same type, fFor example: successive displacements made by one object, or a set

of Forces acting on one object at the same time.

in One Direction

in Opposite Directions

Resultant magnitude:

The sum of the magnitudes of vectors

algebraically.

Resultant direction: in the same direction as

the vectors

Resultant magnitude:
The sum of the magnitudes of vectors

algebraically.

Resultant direction: in the direction of the

larger vector

algebraic addition mean: that is, we put the sign of the vector quantity when adding in order to

fFind the resultant.

- -
Tow vectors A and B in one dimension

Note that the resultant C is always

written as follows:
C=4A+B

A - A B
— — e —-
C=A+E B C=A+H8

While the method of calculating its value differs in both cases.

Example 1-3

Three pairs of forces act on an object in three different cases. find the magnitude and direction

of the resultant Force in each case.

b Fy =100 N @
——-

F,=100N F;=100N

F, =100 N

F,=200N F;=100N
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Solution:
YF=100-100=0 1
YF=100+100 =200 2

The resultant sign is positive, therefore the direction is positive (east).

SF=100-200=-100N 3
The resultant sign is negative, therefore the direction is negative (west).

Example 1-4

A whale swims 100 m eastward, then 80 m westward, then 20 m eastward. Calculate its final

displacement (resultant displacement).

20 40 60 80 100

Solution: By representing the displacements on the diagram, and considering the eastward direction

as positive and the westward direction as negative, the final displacement can be calculated as:
+100 m

-80m

+20m

_—
d=+40m

d=100-80+20=20+20=40m.Since the sign of the resultant displacement is positive, its direction
is eastward.
Example 1-5

Two Forces of magnitudes 10 N and 20 N act on a single object. Which of the following could be the
value of their resultant?

(7N ()9 N (913N (d)32N (e) AnswersBand C
Solution:

The highest possible value of the resultant Force: when the two forces are in the same direction:
20N +10 N=30 N .The lowest possible value of the resultant force: when the two forces are in
opposite directions: 20 N-10 N=10 N .Possible values of the resultant force: from 10 N to 30 N,
meaning the correct answeris: C

When the resultant force is greater than 10 N and less than 30 N, it means that the two forces do

not act at the same dimension (line).
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1.10 ADDING VECTORS IN Tow DIMENSION

In many cases, the vector quantities whose we want to find its sum do not act in a one dimension;
thatis, their directions are not along the same line.

For example, consider the airplane flight we discussed at the beginning of the chapter.

Ty
North
= l5{1
-X +x
West _ East
d,|"
d
R 45/
d,
South :

Note that the airplane made three displacements, and the resultant of these displacements, or the
fFinal displacement, can be defined as follows:
- A straight vector from the starting point of the motion to its endpoint.
- Or:Avector from the tail of the First displacement arrow to the head of the last displacement arrow,
provided that the tail of each displacement arrow starts from the head of the preceding
displacement arrow. We write the resultant displacement d_R) as follows: d_R) = d_l) + d_z) + d_3)
However, this does not mean that the magnitude of d_R) is simply the algebraic sum of the three
displacements.
By using an appropriate scale, we can determine the magnitude and direction of the resultant
displacement (the sum of displacements). This method of adding vectors is known as the graphical
method of vector addition.

111 TRIANGLE
The lengths of the sides and angles of the triangle are shown

in the figure. The relationship between the angles of the
triangle: « + f +y = 180° = wrad

The relationships between the lengths of the sides of the
triangle: a<b+c b<a+c c<a+b

The perimeter of the triangle: C =a+ b+ ¢

The area of the triangle: A = %ah ,where his the height.
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1.12 TRIGONOMETRIC FUNCTIONS

We use the Pythagorean theorem to find the
length of the third side of a right-angled triangle
in terms of the lengths of the other two sides,
using the Formula: The square of the length of the

hypotenuse

= the sum of the squares of the

lengths of the other two sides:

A? = B® + C> Remember that the hypotenuse is the

longest side of a right-angled triangle and

corresponds to the 90° angle

B
Opposite

A

Hypotenuse

P o g.o.l.ll;l
NSMO

polall sL_uialgl
Libell cludlilig

But can we use the length of a side and an angle to find the lengths of the remaining sides of the

triangle? We can do this simply using trigonometric functions, which we will write for the angle 0

shown in the Figure: where the sides are labeled as follows: B: opposite because it is opposite angle

0; C: adjacent because it is adjacent to angle 0. The hypotenuse A is not called an adjacent. The basic

trigonometric functions are:

Sine function

Cosine fFunction

Tan function

sinf =

Note that:

Concept check: Write the trigonometric functions of the angle in figure.

Opposite
Hypotenuse A

tanf =

- Hypotenuse A

Adjacent  C

‘ tanf =

Adjacent  C

Opposite B

Basic angles

0° 90° 180° 270° 30° 60° 45°
sin 6 0 1 0 -1 % V3 2

2 2
cosf 1 0 -1 0 \/5 l ﬁ
2 2 2

tan 0 0 o 0 o B3 V3 1

3
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find the length of the sidesAand Cif 6=30°, B=6cm

Solution:

. Opposite B
sin = ————=—
Hypotenuse A

C?=A%—-B?=144-36 =108

1.13 GRAPHICAL ADDITION OF VECTORS

Polygonal Method

Parallelogram Method

B —
sinf 0.5
C=+v108=104cm

=12cm

Tail to Head Method

We draw the vectors sequentially
so that the tail of each vector
starts from the head of the
preceding vector. The resultant
vectoris:avector from the first tail

to the last head.

We draw the two vectors A
and B so that they have a
common tail and complete the
parallelogram.

The resultant C is the
diagonal of a parallelogram

with the same tail.

B
—r

M|
+
-1

Draw the tail of the second
vector B From the head of
the First vector 4,

The resultant s C: a vector
From the First tail to the

last head.

Think: in Previous figure, What if vector A starts from head of vectorB, do we get a

different resultant vector?

The figures show two methods that can be used to find the resultant R of three vectors E,l_f and

C Note that the way the vectors are ordered does not change the final resultant.

o)
-1

—

»

R
A A
C
B

~

~Th
|
(o1}
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Example 1-7

A car moved 30.0 km east, then turned 70.0 km north, then turned east again and moved 20.0 km,

then headed 25.0 km south. Use the coordinate plane to represent the motion of the car and then

find the displacement.

d; =20kmE

d,=25Km S

End

R=67.3 km
g Ry =45 km
Start
Example 1-8
Which of the following diagrams is correct in finding the resultant?.
Y Y y
)] 2) 3)
A A A
X X X
B B B
C C c
y Y y
4) 5) 6) b
A A
X 5 X X
B B
C C
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Solution: Choice 1: Parallelogram Method and choice 6: tail to head Method

Concept check:InFig.draw: A+ B and A—B

Concept check:

What is the relationship between two vectorsAand BIF:|A + B| = |A — B|?

Example 1-9

if D=A+B-C, Which of the following figures represents vectorD ?.

T\Bf"‘_%
)

By using the polygon method, the correct choice is D. Note in the diagram that vetor -C has the

(D) (©)

Solution:

same magnitude as vector C but in the opposite direction.
-C

~

A
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1.14 ADDING PERPENDICULAR VECTORS
s~ S When we have two perpendicular vectors A and B, meaning
the angle between them is 90° note that the resultant

B vector R Forms the hypotenuse of a right-angled triangle,
whose two right sides are vectors A and B.

We use the fFollowing to find the resultant vector:

0 The value (From the Pythagorean theorem):

0 7 R = /A% + B?

Direction: From trigonometric functions:

Jall  p
tanf = =—
sl A
Example 1-10
—‘ A cartravels 3.0 km east and then 4.0 km north. Find the resultant
displacement. lllustrate with a drawing
T»
Solution:

Let the eastward displacement be A = 3.0km(east), and the northward displacement be B =
4.0 km(north).
Resultant: R = 4 + B.
1) Magnitude: Since the displacements are perpendicular:
R =A% + B2 = [(3.0km)? + (4.0km)2 = 5.0km
2) Direction: Angle measured north of east:

4.0 km °
3.0 km) ~53.1

6 =tan ! (g) =tan ! (

Exercise: Find the resultant of the coplanar force system shown in Fig

y
F3 =4N
Fs=10N
< > x
F1 =8N
F; =5N
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Example 1-11

An airplane is Flying east at 500.0 km/h relative to the air, but 3 wind of 90.0 km/h is blowing south.
What is the airplane's speed and its direction relative to the ground?

Solution:

The airplane's speed relative to the ground v, 4, is the resultant of the airplane’s speed relative to the

air vpq ,and the air speed relative to the ground v, :

Upg = [Vpa? + Vay” = /5002 + 902 = 508.0 km/h

It makes an angle with the east direction as shown in the figure:

Upg = [Vpa? + Vay” = /5002 + 902 = 508.0 km/h

115 COMPONENTS OF VECTOR

Any vector, such as vector 4 in the fFigure, can be resolved Y The component vectors of A
into its components, which are its projections onto the g :
axises. A—k,,—:‘___l_z___:

How do we plot the components of vectorA ? Xv I :
From the head of vector 4, we project a line perpendicular ' 6 >_! .
to the x-axis. The x-component of vector E is @ vector 9 XX

From the tail of vector 4 to the point where the
perpendicular line intersects the x-axis.

From the head of vector 4, we project a line perpendicular to the y-axis. The y-component of vector

—_—

A, isavector from the tail of vector 4 tothe point where the perpendicular line intersects the
y-axis.

The components can be calculated by trigonometric functions, noting that vector A makesa

standard angle 6 with the x-axis :

Ay
cosf = E A, = Acos6
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sinf = I A, = Asinf

This is a general method; if 6 is the standard angle, the negative and positive signs of the

components are automatically produced. However, if a reference angle 0 is given, i.e, calculated

relative to a specific axis, the following method is easier to use: The Golden Rule of Vector Analysis:

cosO (If the component is the side adjacent to the angle)

value of the component = + value of the original vector x

Example 1-12

sinB (if the component is the side opposite the angle)

Analyze the vectors A and B.

The standard angle is equal to the reference angle. 8 =

U r 3
A=5units 30°
- A, = Acosf =5 cos30° = 4.33 unists
//,/'/ 300
- > A, = Asin® = 5sin30° = 2.5 unists
X
y 4 Analysis using the standard angle 6 = 210°
_ A, = AcosO = 6 c0s210° = —5.2 unists
i A, = Asinf = 6sin210° = =3 unists
X
- : 60°
B=6 units Analysis using the reference angle @ = 60°
A, = —Asin® = —6 sin60° = —5.2 unists
A, = —Acos® = —6c0s60° = =3 unists
1.16 ADDING VECTORS BY COMPONENTS
y

To determine the result of vectors by the
component method, the following procedure is
employed:

Given two vectorsA and §, their resultant R is R

shown in the Figure.

y

Y ibgl clualyllg aglell sluelg
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The resultant R has two components given by:

R,=A,+B, R,=A,+B,

The magnitude of the resultant: R = /sz + Ry2

R
The direction of the resultant: tan 8 = R—y

X

For a greater number of vectors, this procedure is simply repeated using the same method
Example 1-13

Compute algebraically the resultant of following coplanar displacements:

20.0m at 30.0° ,40m at 120.0°,25.0m at 180.0°,42.0m at 270°,and 12m at 315.0°".

Solution:

Let angles be measured counter — clockwise from the + x axis.

Horizontal component:

Ry = (20.0 m)cos30° + (40 m)cos120° + (25.0 m)cos180° + (42.0 m)cos270°
+ (12 m)cos315°

Ry = —19.1942 m

Vertical component:

R, = (20.0 m)sin30° + (40 m)sin120° + (25.0 m)sin180° + (42.0 m)sin270°
+ (12 m)sin315°
R, = —5.8443m

Magnitude
| R1 = [RZ2+R%=./(~19.1942m)2 + (—5.8443 m)?
=/368.43m?2 + 34.17 m? = /402.60 m?
=20.06m.= 20.1m
Direction
5 tan -1 (Ry) R (—5.8443m )= 16307
N e W TR Ty .

In standard form, 8 = 196.93°.
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Exercise: A vectorin First quadrant of the plane xy, the value of its component on +x axis is equal

3,and the value of its component on +y axis is equal 6, if the vector rotates clockwise in the First

quadrant, and its component in +x axis is multiplied, find the value of its component on +y axis.

Exercise: find magnitude and direction and draw:4 — B

1.17 VEcCTOR ADDITION USING THE UNIT VECTOR METHOD

y
B (15.0m)

30.0¢,

YA (8.00m)

Unit vectors are three vectors.j. k with magnitudes of 1 and oriented in the directions: +x , +y

and +z respectively. Any vector can be expressed in terms of unit vectors, which facilitates the

handling of vectors when performing vector operations on them. Thus, a unit vector has no

magnitude value and is used only to specify direction.
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For example, the vector (4] shown in the figure can be written in terms of unit vectors as follows:

A, = Al
“Ty =Ay]
A, = A,k
A=Ad0+ A5+ Ak

Example 1-14

Draw and calculate the magnitude of the vector:A=6i+8j

Solution:

% sibgll cludlylg aglell slualgl
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We use the Pythagorean theorem to find the value of vector A:
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Calculate the resultant of the two vectors: A = 2i — 2] and B= 2] in terms of unit vectors.

Solution:
you simply add the corresponding components (i, ,
2j B and k) of each vector separately:
. C=A+B=02+0)i+(-2+2)j=20
-2j A
Example 1-16

The perpendicular components of the vector acceleration are: a, = 6.00 m/s?, a, = 4.00 m/s?, a, =

9.00 m/s?, Find the vector expression for d and its value.

Solution:
d = [6.00% + 4.00f + 9.00k] (m/s?)
ld| = a = /(6% + 42 + 92) ~ 11.5 m/s?
Example 1-17

Avector A4 has magnitude 4.20 m at an angle 55.0°above the +x-axis. Another vector B has

magnitude 2.80 m at an angle —35.0°(i.e, 35.0°below the +x-axis).
LetC =2.504 —3.20B.

(@) Write A and B in unit-vector Form.

(b) Find C in unit-vector Form.

(c) Find the magnitude and direction (From +x, counterclockwise) of C.
Solution:

(3) Unit-vector forms

= (4.20cos 55.0°)1+ (4.20sin 55.0°)7=(2.4090m) 1+ (3.4404 m)j
= (2.80cos (—35.0°))1+ (2.80sin (—35.0°))7=(2.2936 m)1+ (—1.6060 m)j
Compute C=2504A-320E

A
B

¥ ibell cludlylg aglell slualgl



'g.o.l.l,L'l

st NSMO
Ful =il &)l 1090 pglall sLualgi
oo Mawhiba ibgll ciludlyylig

C, =2.50(2.4090)— 3.20(2.2936) = —1.3170 m,

C, =2.50(3.4404) —3.20(~1.6060) = 13.7403 m.

C = (—1.3171+ 13.740)) m

(b) Magnitude and direction for C

| Cl= |C2+C2=/(-1.317)? + (13.740)2 = 13.803m =~ [13.80 m

This angle is northwest as shown in the drawing, and therefore: 8 = 95.5° (counterclockwise from

+ x

Vectors: C =2.504 — 3.208
b

L: F Y

Iy

[C=132m) . s8.0°
I- !|
Ce= 1374 M| f 350

[I5] = 13.82 |r]

x¥
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Exercise: If A = 2{ — 3j + 5k mm and B = —{ — 2j + 7k find in component form:

(@) 2B — A(b)VectorCsuchthat4A + B + € = 0
Exercise: Find the angle between two vectors of equal magnitude: 5.0 units, such that the
resultant is [6.0j]units.

1.18 ScALAR ProDuCT (DOT PRODUCT)
The dot product between two vectors A and B is a scalar quantity

Dy

given by:

A - B = |A||B] cos(0),

where 6 is the angle between the vectors.
B

A physical example: work is the resultant of the dot product of force W = Fdcos0

and displacement F

Concept check: How does the angle affect the result of the dot product?
Solution:

+ The dot product is positive when 0°< 0 <90°.

+ The dot product is zero when 6 = 90° (vectors are perpendicular).
- The dot product is negative when 90° < 0 <180°.

+ The maximum positive value occurs at 6 = 0°.

- The maximum negative value occurs at 6 =180°.

1.19 VEcTOR PRODUCT (CROSS PRODUCT)

o yieldsa vector quantity |C| = |4 x B| = |4||B| sin ¢

Iy

e (¢ The smaller angle between the vectors.
e Direction of the resultant vector: The direction is determined
by the right-hand rule and is perpendicular to the plane formed

by the two vectors. B
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The right-hand rule is used to determine the direction of the cross product of two vectors, A x B.

Using your right hand, curl your fingers in the direction from the RIGHT-HAND RULE
First vector toward the second vector, your thumb will then point

in the direction of the resultant vector (5).

Physics Example: Torque:

T=r7rfsinf

Example 1-18

Two vectors, A=2 units and B=5 units, form an angle of 60° between them. Calculate their dot

product and cross product.

Solution: A-B = |A||B|cos(8) = (2)(5)cos60° =5

-

|C| = |4 x B| = |4||B| sin ¢ = (2)(5)sin60° = 8.66

Example 1-19

Two vectors, A and B, are equal in magnitude and have an angle of 60° between them. If their dot
product is 4.5, calculate the magnitude of vector A.

Solution:
A - B = |A||B|cos(0) 4.5 = A%c0s60° A>=— =9 A=3

Example 1-20

‘A\ 5 The direction of the cross product vector of the two vectors

, shown in the Figureiis:
30
|B| 1 > (@) Up (b) Down (c) Inwards (d) Outwards

Solution:

Applying the right-hand rule, the correct choiceis ¢

* sibgll cludlylg aglell slualgl
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2 Motion in Two Dimensions

In previous chapters, we described the motion of objects in one dimension, where displacement,
velocity, and acceleration all lie along a straight line. However, in many real-life situations, objects
move in more than one direction at the same time. For example, when a ball is thrown into the air, it
moves both horizontally and vertically, and similarly, a turning car or a boat moving across a river

current also undergoes motion in two dimensions.

In this chapter, we will extend our study to motion in two dimensions and learn how to analyze it as
two independent motions along the horizontal and vertical directions using vectors. We will apply the
concepts of velocity and acceleration in two dimensions to describe projectile motion and uniform
circular motion and explore how vectors can be added graphically and algebraically to determine the

resultant motion and its direction.

This study represents an important step toward a deeper understanding of the motion of objects
in nature and forms the foundation for studying dynamics and Newton's laws, which explain the

causes of this motion.
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2.1 DISPLACEMENT, VELOCITY, ACCELERATION VECTORS IN MOTION IN TWO
DIMENSIONS
y

Path of
particle

We will redefine the motion vectors by considering an object moving between two points A and B.
Note that the path need not be a straight line. The object moves between two positions:[r, ] and [ﬁ]
where the object's positions are defined by position vectors. The displacement of the object (the
straight-line vector between the two positions) is called A7 .

The position vectors and displacement can be expressed in terms of unit vectors as follows::

r=xi+y
T'f = Xfl + yf]
Ar = Tf -r, = (Xf — Xi)’i + (yf - yl)j
AT = Axi + Ayj
The average velocity vector is defined as the displacement divided by the time interval:
. AF Ax Ay,

VER T A T A

Visitin the direction of A7 ? Because AT is the only vector quantity in the division in the previous
equation. The average acceleration is defined as the change in instantaneous velocity divided by
the time interval.

AT T -
B At At
d is in the direction of A¥, Because AV is the vector quantity in the division in the equation.

Ql

Example 2-1

A camel is at the origin of coordinates at time t; = 0.For the time interval from t; = 0 to

t, = 12.0 s, the average velocity of the camel has x component -3.8 m/s and y component 4.9 m/s.
Attimet, =12.0s.

A) What are the x and y coordinates of the camel? B) How far is the camel from the origin?

%% Jibgll cludlylg aglell slualgl
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Solution:

A)The x and y coordinates of the camel t=12.0s:
Xp = x; +U(t; —t;) = 0+ (—3.8)(12.0) = —45.6m
Ve =y +7,(t; — t1) = 0+ (4.9)(12.0) = 58.8m

B) Final camel position (—45.6 m,58.8 m):
=02 + ¥?) = J((-45.6)* + (58.8)%) = 744m

Exercise: A bird has x- and y-coordinates: (11.1 m ;3.4 m) at time t; =0 s and coordinates:(15.3 m
,—0.5m)attimet, = 3.0 s.Forthistimeinterval, find: A) The components of the average velocity.
B) The magnitude and direction of it.

2.2 Two-DIMENSIONAL MOTION WITH CONSTANT ACCELERATION
To simplify the analysis of this type of motion, we will apply the principle of independence of

motion in each dimension. This means that motion along the x-axis is independent of motion along
the y-axis, with neither influencing the other. However, they share a common element (time). We will
use the kinematic equations and vector mathematics learned in one-dimensional motion and apply

them to two-dimensional motion.

a
Y .
—~ vy
------ A" :/
@ v,
Vs Iy
L/
Vi !
v X
X, X,
Motion Along the x-axis Motion Along the y-axis

Vyf = Uy +1ayt Vyf = VUxi +1axt
_ 2 Ax = vt + - a,t?

Ayz—vyit2+iayt 2 x:z 2 Ox

Vyr” = Uy, —_II—_ZayAy Uy = Uy 1— 2a,Ax
v Vs Vxf+Vxi
yf yi = (2

ay= L2 b = (e
1 - Lo

Ay = vyt — antz Ax = vyt 5 Axt
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Example 2-2

A particle starts from the origin at t = 0 with an initial velocity having an x component of 20.0 m/s
and a y component of-15 m/s, the particle moves in the xy plane with an x component of
acceleration only, given by a, = 4.0 m/s?

a. Determine the components of the velocity and its value, directionatt = 5.0 s
b. Determine the x and y coordinatesatt = 5.0s

c. Write the particle's displacement in terms of unit vectors and calculate its value and

direction.
Solution:
a.
Att = 5.0s:
Vxf = Uy + axt = 20.0 + 4.0(5.0) = 40.0m/s
Vyr = Vy; +ayt = —15.0+ 0 = —15.0m/s
- ¥ = 401 — 15 (m/s)
lv| = J(402 + (=15)%) = V1825 ~ 42.7m/s
0 = tan~1(—15/40) ~ —20.6°(below + x — axis)
b.
Xp = Uyt + Yoa,t? = 20(5) + %(4)(5%) = 150m
xp = vyt + Yea,t? = (=15)(5) + 0 = —=75m
C.

r = 150% — 757 (m)

Ir| = \/(1502 + (=75)%) = V28125 = 75V5 ~ 167.7m

6 = tan™*(=75/150) = —26.6° (below + x — axis)
Exercise: A car is moving on a horizontal surface with an initial velocity: v; = (31 — 5j) m/s from
the position:T; = (15i — 7f) m,if accelerationis: @ = (21 + 4j) m/s?, find after 10 s:
A) Magnitude and direction of the velocity.

B) The Position of the car.
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Concept check: The instantaneous velocity of the particle movingin a circular path centred at the
originis v = (Zm/sﬁ - (Zm/s)]' , through which quadrant is the particle moving at that instant if it
is traveling (a) clockwise and (b) counterclockwise around the circle? for both cases. Draw the

velocity vector.

2.3 PROJECTILE MOTION
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It is a two-dimensional motion in x and y directions, where the projectile follows a parabolic
trajectory, such as the motion of a baseball or a football. The only force acting is the gravitational
Force, and the only acceleration acting is the gravitational acceleration g. Galileo was the first to
accurately describe projectile motion, demonstrating that it can be understood by analyzing it into
horizontal and vertical components. We shall neglect air resistance in our analysis of projectile

motion and assume that it is launched with an initial velocity v; at an angle 6 with the horizontal.

Motion Along the y-Axis: Motion Along the x-Axis:
Vertical acceleration:a, = —g
Initial vertical velocity: Horizontal acceleration:a,, = 0
vy; = v;Sind Initial horizontal velocity: v,; = v;cosf

Vertical velocity is variable: it decreases Horizontal velocity (constant):

during ascent until it becomes zero at V, = Vy; = ;€050
maximum height, then increases during Horizontal displacement at any instant t:
descent. x(t) = vyt = (vicosO)t

. -, - . Horizontal displacement at time t:
Vertical velocities are positive during

Ax = v;cos0 - t

ascent and negative during descent. Range: R = v,; T where T =time of flight (total

Vertical displacement at time t: Flight time)

ny+‘l7yi

> t

1
Ay=vy,-t—zgt2 or Ay =

Important notes :
- We apply the equations of free fall to calculate vertical motion quantities, where the acceleration
isalways g.

- The common element between the horizontal and vertical motions (free fall) is the time of flight t
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- When an object is projected from the top of a cliff with an initial horizontal velocity, it follows a
semi-parabolic trajectory.
Guidelines For solving projectile motion problems:
- Choose a coordinate system and resolve the initial velocity vector into its x and y components
- Follow the methods used for solving constant velocity problems to analyze the horizontal motion
and follow the methods for solving constant acceleration problems to analyze the vertical motion.
- The motion in both x and y directions share the same time of Flight.
Example 2-3

A ball is launched such that its vertical and horizontal components of velocity are 40.0 m/s and

20 m/s respectively. Calculate the total Flight time and the distance at which the ball falls, measured

From its starting point.

S IR
f R
L

V'a

/

-+ i\
Y l

Time to reach maximum high:

" _ Vyr—Vyi _ 40—-0
V27T g T 9.80

Total Flight time:
t=2ty; =2(4.08) =8.16s

Horizontal distance (range):
R = vty = (20)(8.16) = 163.2m

Example 2-4

A kicked Football leaves the ground at an angle 8, = 37.0° with a velocity of 20.0 m/s, Calculate:
(3) the maximum height, (b) the time of travel before the football hits the ground.(c) horizontal range.
(d) Velocity vector at maximum height.
(e) acceleration vector at maximum height

Assume the ball leaves the foot at ground level and ignore air resistance and rotation of the ball.
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Solution: Given & Components
Initial speed v; = 20.0m/s, launch angle 8° = 37.0°, g = 9.80m/s?.
Vy; = v;cosf = 15.973m/s = 16.0 m/s
vy = v sinf = 12.036 m/s = 12.0 m/s

(8) Maximum Height

2 2
0o Vyr ~ Vyi _ 0 —(12.036)% — 739m
max 29 2 x (—9.80) '

(b) Time of Flight

- 2(0-wvy)  2x(-12.036) _

- 2.4
g ~9.80 6s

(c) Horizontal Range

R = v, x T= 15973 x 2456 = 392m

(d) Velocity at Maximum Height

At the top, v, = 0 (instantaneously); v, is unchanged (no air drag).
Viop = 16.01 + 0.0j(m/s) — purely horizontal to + x

(e) Acceleration at Maximum Height

Acceleration is constant and equal to gravity everywhere.
- a = 0.0f + —9.80j(m/s?) - downward

P o g.o.l.ll;l
NSMO
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Exercise: Suppose the football in the previous exercise was punted and left the punter's foot at a

height of 1.00 m above the ground. How far did the football travel before hitting the ground?

Exercise: Derive the Following equations:
_ v;? sin? 9;

h _ v;? sin26;
max — -

R
2g )

Note: (We substitute in both (g) with a positive sign)

Think: What is the angle that gives the maximum range of the projectile?
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Important Note:
It is observed that the same range can be achieved using the same initial velocity through
complementary angles, such as 15° and 75°;, however, the maximum height and the total time of flight

differ.

Think: Which Flight takes longer, throw with an angle 15° or75° ,and why?
Concept check: You are to launch a rocket, from just above the ground. with one of the following
initial velocity vectors: (1)¥; = 20i + 70j , )¥; = —20i + 70j , 3)¥; = 70i — 20j . Rank the vectors
according to the time of flight of the projectile. Greatest first.

Concept check:

A child sits upright in a3 wagon, which is moving to the right at constant speed as shown in Fig. The
child extends her hand and throws an apple straight upward (From her own point of view) while the
wagon continues to travel forward at constant speed. If air resistance is neglected, will the apple land

(3) behind the wagon, (b) in the wagon, or (c) in front of it.

V_apple_y
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Example 2-5

A stone is thrown from the top of a building upward at an angle 30. 0°0of to the horizontal with
speed of 20.0 m/s. If the height of the building is 45.0 m.

(a)How long does it take to reach the ground?

(b)What is the speed of the stone just before it strikes the ground?

Solution

Given Data:
Initial speed,v; = 20.0 m/s
Launch angle, 8 = 30.0°
Height of building,h = 45.0 m
Gravitational acceleration,g = 9.8 m/s”

(3) Time to reach the ground
Using the vertical motion equation:
y = vyt — (1/2)gt?
At the ground: y = —45.0m (taking the top of the building as y, = 0)
vy = v;sin(30°) = 20 X 0.5 = 10.0m/s
Substitute: — 45.0 = 10.0t — 4.9t?
= 4.9t* — 10.0t — 45.0 = 0

Using the quadratic formula:

L 10+ 102 + (4 x 4.9 x 45)
N - 2% 4.9

t = 4.23s (neglecting negative root)

(b) Speed just before striking the ground
Vertical velocity: v ¢, = v;;, — gt = 10.0 — 9.8 X 4.23 = —31.45m/s (downward)

Horizontal velocity (constant): v, = v; cos(30°) = 20 X 0.866 = 17.32m/s

Total speed:v = [(vy? + v?y) = /(17.322 + 31.452) = 35.9m/s
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Exercise:One of Galileo's conclusionsis that a particlethatis thrown horizontally reaches the ground
at the same time as a particle that is freely falling down. How do you prove it?

Concept check: If two balls roll on a table's top at two different speeds, and then fall off the table's
top at the same time, which one will hit the ground First?

Exercise: A swimmer dives off a cliff with a running horizontal leap, as shown in Figure. What must
his minimum speed be just as he leaves the top of the cliff so that she will miss the ledge at the

bottom, which is 2. 10 m wide and 8. 00 m below the top of the cliff?

Vo

—

2.10m

Exercise:

A small projectile is launched from street level toward a tall building with an initial speed of
38.0 m/satanangle 8y = 55.0°above the horizontal. The stone lands on the flat roof, 4.80 s after
launch. Neglect air resistance. Find:

(3) the roof height above the street,

(b) the speed of the stone just before it

touches the roof.

(c) the maximum height the stone reaches

above the street.

Exercise: A basketball player stands horizontally 8.0m away from the basket. If he throws the ball at
an angle 35%bove the horizontal from a height 2.2m, what initial velocity is needed for the ball to

pass through the basket hoop at the height 3.0m directly?

» ibgll clualylg aglal slusalgl



o0, o000 9.0.I.lL'l

st . NSMO
el il ajlig . g-D pgleall A|_5+a]gi
o caene,  Mawhiba ibgll cilualyllg

Additional problems
Question 1: A drone moves horizontally at a constant speed of 3.0 m/s at an altitude of 30.0 m above

the ground. If defense systems launch a drone moving with constant acceleration in a straight line to
intercept the airplane at the moment the airplane passed over the drone platform, what is the angle
0 with the vertical (y +) that the drone must be launched at to hit the airplaneif the drone starts from

rest and its absolute acceleration (in any direction) is constant with a magnitude of 0.40 m/s*?

AY v

Y

Question 2: A jet plane is flying at a constant altitude. At time t; = 0 it has components of velocity:
vy; = 50 m/sand v,; = 80 m/s. At t, = 30.0 s the components are v,y = —80 m/sand v, = 40 m/s.
(3) Sketch the velocity vectors at t; and ¢,.
(b) Find the components of the average acceleration.

(c) Find the magnitude and direction of the average acceleration.

Question 3: A particle starts moving from the point of origin with an initial velocity (8.0j) m/s and
moves along xy plane with constant acceleration: (4 + 2f) m/s?, At the moment when the x-

coordinate of the particle is x; = 30 m, what is the value of the coordinate y;?

Question 4: At t = 0, a3 particle moving in the xy plane with constant acceleration has a velocity of
v; = (3.00i — 2.00j) m/s and is at the origin. At = 3. 00 sthe particle's velocity isvy =

(9.00i + 7.00j) m/s.Find (a) the acceleration of the particle and (b) its coordinates at any time t?

Question 5: A hostile ship is located 450 m from a coastal cannon at sea level. The cannon fires

cannonballs with an initial speed: vy = 75 m/s.
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(3) At whatangle 8,from the horizontal must the cannon be fired to hit the ship?

(b) what is the maximum range of cannonballs?

Question 6: a rescue plane flies at 62.0 m/sand constant height h = 6.00x10? m toward a point
directly over a victim, where a rescue capsule is to land. (3)What should be the angle ¢ of the pilot's
line of sight to the victim when the capsule release is made? (b) As the capsule reaches the water.

What is its velocity in unit-vector notation and magnitude-angle?

Question 7:

An airplane has a speed of vy = 320 km/h and is diving at an angle of 6 = 35° below the horizontal
when the pilot releases a radar decoy. The horizontal distance between the release point and the
point where the decoy strikes the groundisd = 850 m.

(3) How long is the decoy in the air?

(b) How high was the release point?
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Question 8: A Firefighter directs a stream of water from a hose that is elevated 1.20 m above the
ground. The water leaves the nozzle at a speed of 24.0 m/s at an angle of 35° above the horizontal.

A building wall is located 10.0 m horizontally from the nozzle. At what height above the ground will

the water strike the wall?

Question 9: Two projectiles are fired at the same time at different angles What is the ratio of their

initial velocities if they travel the same horizontal distance at the same time?

Question 10: A boy can throw a ball at a maximum horizontal distance of 40.0 m on a level field. How

far can he throw the same ball vertically upward? Assume that his muscles give the ball the same

speed in each case.
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Simulation test

Q1) IFA =B+ C andthe magnitude oF/T,ﬁ and C are 5,4 and 3 units respectively, then the angle

between A and C is:

90°

53.1°
36.99
27.6°

o0 e »

-

Q2) Three vectors related by the relation C = —4 — B.which of the Following diagrams represents

the correct relationship between them?

(A) (B) (© (D)

Q3) The range of a projectile launched at an angle of 15° to the horizontal is 1.5 km. What will be

its range if it is projected at an angle of 45°to the horizontal with the same total velocity?

A. 0.75km
B. 3.0km
C. 1.5km
D. 6.0 km

Q4) In the Figure, vector @ lies in the xy plane, has a magnitude of 18 units and points in direction
250°From the positive direction of the x-axis. Also, vector b hasa magnitude of 12 units and points
in the positive direction of the z-axis.

if:¢ = d@ x b , The angle that vector ¢ makes with the x-axis is equal to:
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A. 210°
B. 160°
c. 90°
D. 0

Q5) The speed of a projectile at the maximum height is half of its initial speed u

Its horizontal range is:

2

u
A s
2u?
B g
C V3u?
2g
D. V3u?
g

Q6) A grasshopper can jump a maximum horizontal distance of 0.2 m. If it continues to jump in this
manner, spending negligible time on the ground, then the speed with which he moves forward is

approximately:

A. 1m/s
B. 2m/s
C. 3m/s
D. 4m/s
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Q7) A particle is moving on a horizontal surface with an initial velocity: [— 7+ 3 ]m/s from the

position [27— 5 |m, if acceleration is: [T + 2 J ]m/s?, its velocity after 5 seconds in (m/s) is:

A.

47+ 137
957+357
7571+407
57+157

Saw>

Vi— Vs
Vi+ Vs
Vo=V,
1l?jlcosﬁ

Q9) An arrow is launched by horizontally velocity 20 m/s towards point X. After a time of 0.1 s, the

arrow hits point Y. The distance XY is: g=10 m/s?

Saw»

2m
Im
0.5m
0.05m

Q10) Two force of equal magnitude, where the magnitude of their resultant is equal to one-third of

either force, The angle between the two vectors is equal to:

A) 62° B) 80.4° C)124° D)160.8°

Answers to the Simulation test:
)] B 2) C 3) B 4) B 5) C
6) A 7) A 8) C 9) D 10) D
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