ENGLISH LANGUAGE
(Complete note already given in volume one)

MATHEMATICS
STATISTICS
Measures of Central Tendency
In general terms, central tendency is a statistical measure that determines a single value that
accurately describes the center of the distribution and represents the entire distribution of scores. It
focuses on identifying the single value that is the best representative for the entire set of data.
Measure of central tendency includes: mean, median and mode.
Mean
Mean is the average of a given set of data. It could be referred to as an average. The mean is obtained
by computing the sum, or total, for the entire set of scores, then dividing this sum by the number of
scores.
Median
Median is simply, the middle number or value of a given set of data when the set of data has been
arranged in wither ascending or descending order. If the scores in a distribution are listed in order from
smallest to largest, the median is defined as the midpoint of the list. The median divides the scores so
that 50% of the scores in the distribution have values that are equal to or less than the median.
Mode
The mode is defined as the most frequently occurring category or score in the distribution. In a
frequency distribution graph, the mode is the category or score corresponding to the peak or high
point of the distribution. It is the number or score with the highest frequency.

Mathematically:
Mean (x̅) =

∑x
n

where n = number of items or scores in the given set of data

Where the frequency of the scores are given; Mean (x̅) =

Using assumed mean (A); Mean (x̅) = A +

∑ fd
∑f

Where A = assumed mean,
d = deviation from the assumed mean (d = x – A)

∑ fx
∑f

Example 1:
Find the mean, median and mode of the data: 10, 10, 4, 14, 12, 14, 14.
Solution
Given: 10, 10, 4, 14, 12, 14, 14. n = 7
(i.) Mean (x̅) =

∑x
n

=

10+ 10 + 4 + 14 + 12 + 14 + 14
7

=

78
7

= 11.14

(ii.) To find the median, first, arrange the scores in ascending order (that is, from smallest to the
largest): 4, 10, 10, 12, 14, 14, 14

The median (middle score) = 12
(iii.) Mode (the number that appeared most) = 14 (it appeared in three places)

Example 2:
Ages of students

10 12

13

14

16

17

18

9

No of students

7

11

7

12

9

4

6

15

Calculate from the table above;
i. the mean,
ii. the median, and
iii. the mode, of the ages of the students.
Solution
Frequency table of the distribution
Ages (x)

Frequency(f)

fx

9

6

54

10

7

70

12

15

180

13

11

143

14

7

98

16

12

192

17

9

153

18

4

72

∑ 𝑓 = 71

∑ 𝑓𝑥 = 962

i. Mean (x̅) =

∑ fx
∑f

=

962
71

= 13.5

ii. Median (in this case, the 36th position/score) = 13
iii. Mode = 12 (it has the highest frequency, which is 15)

Measures of Dispersion
Measures of dispersion measure the degree of spacing among a given set of data. Measures of
dispersion include: Range, Mean Deviation, Variance and Standard Deviation.
Range
The range is the total distance covered by the distribution, from the highest score to the lowest
score. It is the difference between the highest score and the lowest score of a given set of data.
Mathematically; Range = Xmax - Xmin
Or Highest Score – Lowest Score
Mean Deviation
This is the average of the deviations from the mean of a given set of data.
Mean Deviation (M.D.) =

∑(x− 𝑥̅ )
n

Where frequencies are given; Mean Deviation (M.D) =

∑ f(x− 𝑥̅ )
∑f

Variance
This is the average of the squares of mean deviations of a given set of data.
Variance (V) =

∑(x− x̅)2
n

Where frequency is given; Variance (V) =

∑ f(x− x̅)2
∑𝑓

Standard Deviation
This is simply, the square root of variance.
∑(x−x̅)2

Standard Deviation (S.D.) = √𝑉𝑎𝑟𝑖𝑎𝑛𝑐𝑒 = √
∑ f(x−x̅)2

Where frequency is given; S.D. = √

n

∑𝑓

Example 1:
In a class of 30 students, the score on chemistry test out of 20 marks were recorded as
follow:
8
10 14 4 6 12 10 10 16 18
16 8
4
6 14 18 16 14 14 14
6
8
10 10 4
6
12
14 14
4.
Find the:
(i.) range,
(ii.) mean deviation,
(iii.) variance and
(iv.) standard deviation of the above data.

Solution
Given: 8
16
6

10
8
8

4 6
6 14
10 4

14
4
10

12
18
6

10
16
12

10 16
14 14
14 14

18
14
4.

(i.) Range (R) = Highest score – lowest score
Therefore; R = 18 – 4 = 14
Table for question ii to iv.
Score(x)
f
fx
4
4
16
6
4
24
8
3
24
10
6
60
12
2
24
14
7
98
16
2
32
18
2
36
∑ f = 𝟑𝟎

Mean (x̅) =

∑ fx

=

∑f

314
30

̅
x-𝒙
-6.5
-4.5
-2.5
-0.5
1.5
3.5
5.5
7.5

∑ fx = 𝟑𝟏𝟒

̅)
f(x - 𝒙
-26
-18
-7.5
-3
3
24.5
11
15

̅)2
(x - 𝒙
42.25
20.25
6.25
0.25
2.25
12.25
30.25
56.25

∑ f( x − ̅
x)

= 108

̅)2
f(x - 𝒙
169.00
81.00
18.75
1.50
4.50
85.75
60.50
112.50
∑ f( x − ̅
x) 2

= 533.50

= 10.5

Note: column 4 to 7 are evaluated after obtaining the mean (𝑥
̅).

(ii.) Mean Deviation (M.D.) =
(iii.) Variance (V) =

∑ f(x− x̅)2
∑f

=

∑ f(x− x̅)
∑f

533.50
30

=

108
30

= 3.6

= 17.78

(iv.) Standard deviation (S.D.) = √Variance = √17.78 = 4.2
Example 2:
If the mean of the numbers 4, 3, 5, x, 7 is 5, find the (i.) variance and (ii.) standard
deviation.
Solution
(i.) Mean(x̅) =
⇒

19 + x
5

4+3+5+x+7
5

=1

5

Cross-multiplying:
1 x (19 + 𝑥) = 5 × 5
19 + 𝑥 = 25
𝑥 = 25 − 19 = 6

=5

Variance =

∑(x− x̅)2

Where n = 5,
x

n

x - 𝐱̅

4

x̅ = 5

-1

3

-2

(x - 𝐱̅ )𝟐
1
4

5

0

0

6

1

1

7

2

4

Variance =

∑(x− x̅)2
n

∑ x =10
=

10
5

=2

(ii.) Standard Deviation (S.D.) = √

∑(x−x̅)2

= √2

n

= √𝑉𝑎𝑟𝑖𝑎𝑛𝑐𝑒

= 1.41

Example 3:
Calculate the standard deviation of the following data 7, 8, 9, 10, 11, 12, 13.
Solution
Mean (x̅) =

7 + 8 + 9 + 10 + 11 + 12 + 13
7

∑(x−x̅)2

S.D.= √

= 10

N

(7−10)2 +(8−10)2 +(9−10)2 +(10−10)2 +(11−10)2 +(12−10)2 +(13−10)2

S.D. = √

7

(−3)2 +(−2)2 +(−1)2 +02 +12 +22 +32

S.D. = √

7

28

S.D. = √ 7 = √4 = 2

PROBABILITY
Probability of an event is the certainty of an event to occur. It is a measure of the degree of possibility of an event
to occur.
Mathematically; P(E) =

Number of required outcome

Total number of possible outcome

. Where “P(E)” is the probability of the event ‘E’ to occur.

Properties of probability

1. Probability of an event to occur is a real number x such that 0 ≤ x ≤ 1.

2. Probability of an impossible event to occur is zero.
3. Probability of an event that is sure to occur is one.

4. Probability that an event will not occur is one minus the probability of the event to occur.
That is; Probability of failure = 1 – probability of success
→ Probability of success + probability of failure = 1
Example 1
In a basket, we have 5 black balls and 7 yellow balls. If a ball is picked at random from the basket; find the probability
that the ball is:
i. Black ball
ii. Yellow ball
iii. Blue ball
iv. Either yellow or black ball
Solution
Number of black ball = 5
Number of yellow balls = 7
Total number of possible outcome = 5 + 7 = 12
Number of required outcome

P(E) = Total number of possible outcome
Number of black balls

5

i. P (Black ball) = Total number of balls = 12

ii. P (Yellow ball) =

Number of yellow balls
Total number of balls

Number of blue balls

7

= 12

0

iii. P (Blue ball) = Total number of balls = 12 = 0

iv. P (Black or yellow ball) =

No of black balls+ No of yellow ball

Types of probability
1. Experimental probability
2. Theoretical probability

Total number of balls

=

5+7
12

12

= 12 = 1

Example 1
The distribution of ages of students in a class are given below.
Ages
13
14
15
16
Number of students
7
13
6
4
If a student is chosen at random from the class, what is the probability that the student is:
i. 14 years old
ii. 13 years or 16 years old
iii. Under 15 years
iv. Above 14 years
v. At least 14 years old
vi. At most 14 years old
Solution
Ages
Number of students

13
7

14
13

15
6

16
4

→ Total number of possible outcome = total number of students = 7 + 13 + 6 + 4 = 30

P(E) =

Number of required outcome

Total number of possible outcome

i. P (14yrs) =

Number of students who were 14years old

ii. P (13 or 16yrs) =

Total number of students

=

13
30

No of students who were 13yr+those who are 16
Total number of students

iii. P (Less than 15yrs) =
iv. P (Above 14yrs) =

No of students who were less than 15yrs
Total number of students

No of students who were above 14yrs

v. P (At least 14yrs) =

Total number of students

=

6+4
30

No of students who were 14yr or more

=

No of students who were 14yr or less

=

vi. P (At most 14yrs) =

Total number of students

Total number of students

=
=

=

7+4
30

7+13
30

10
30

=

7 + 13

20

30

11
30

20
30

3

=

=

=

1

13+6+4
30

=

23
30

30

=

2
3

=

2
3

ASUSU IGBO
ENWEMENWE OGE UGBUA
Enwemenwe oge ugbua bụ ihe ọ gbara ọhụrụ obodo dị iche iche obodo ji akwalite akụ na uba ha.
N'ọtụtụ afọ gara aga, obodo dị iche iche nwere ụzọ ha sịrị akwalite akụ na uba ha site n'ihe a naegwuputa n'ala. Oge ugbu a, obodo dị iche iche na-arụpụta ihe ọgbara ọhụrụ ha ji akwalite akụ na ụba
ha ihe ndị ahụ ka a na-akpọ enwemenwe oge ugbua.
Enwemenwe oge ugbua obodo dị iche iche nwere gụnyere;
a) Ụlọ ahịa
b) Ụlọ ọrụ
ch) Ụgbọ mmiri, ụgbọ ala,
d) Ọrụ ugbo dịka ịkụ osisi nkwụ, na ndị ọzọ na enye ego,ikpa ụmụ elulu dịka ọkụkọ, ewu, ezi. dgz

IDE EDEMEDE ILU
Edemede ilu, dịka edemede ndị ọzọ, ga-enweriri ụzọ ihe atọ ndia:
a. Isiokwu
b. Usoro
Ch. Atụmatụokwu.
NJIRIMARA EDEMEDE NKA
i. Ichemi echiche ime.
ii. Iwebata echiche onye.
iii. Ide edemede dabara adaba.
iv. Iwebata asụsụ nkà dgz.

URU NA ỌGHỌM DỊ N'IKPA AKỤ N'ỤZỌ EZIGHI EZI:
Uru dị n'ikpa akụ n'ụzọ ezighị ezi gụnyere:
1. Ọ na-enyere mmadụ aka ịkpata akụ na-ataghi ahụhụ.
2. Ọ na-eme ka anụ aha mmadụ.
3. Ndị kpatara ego n'ụzọ ezighị ezi na- eji ego ha kpatara enyere ụmụ ógbènye aka.
4. Ha na - ejikwa akụ na ụba ha enweta mmepe n'obodo dgz.

Ọghọm dị n'ikpa akụ n'ụzọ ezighị ezi gụnyere ndia;
1. Ọ na-ebuta ọnwụ ike.
2. Ọtụtụ n'ime ha na-eme arụ dị iche iche iji kpata ego.
3. Ọ na-ebutere ụfọdụ n'ime ha iba n'ụlọ mkpọrọ.
4. Ndị na-akpa akụ n'ụzọ ezighị ezi na-ebutere ndị ezinụlọ ha aha ọjọọ dgz.

CIVIC EDUCATION
IMPORTANCE OF INTER COMMUNAL RELATIONSHIP
The following are the importance of inter communal relationship.
1. It promotes development.
2. Healthy inter communal relationship stimulate human development.
3. Security of life and property will be guaranteed.
4. Stimulus and satisfaction.
5. Business activities will spring up.
6. It promotes unity in diversity.
7. It promotes mobility and exchange of manpower.

Skills for Resolving inter communal conflicts.
The skills needed to resolve conflicts are discussed below:
1. Dialogue: This refers to a formal discussion between two groups or countries, especially when they
are trying to solve a problem and a dispute.
Dialogue can be in two forms: a. Negotiations and b. Collaboration.
Negotiations: This is a structured process of dialogue between conflicting parties about issues in which
their opinions differ.
Collaboration: This is a process in which parties to conflicting work together on their own to resolve
problems through constructive dialogue or other activities like joint projects, sharing of community
schools, health centers, market, bridges, culverts. Collaboration helps to build up trust, mutual respect
and mutual confidence.
Collaboration can be obtained at:
i. Inter personal.
ii. Group.
iii. Community.
iv. National.
v. Regional and international level.
2. Mediation: These refers to any process for resolving disputes, quarrels, problems or
misunderstanding in which another person helps the parties negotiate a settlement.
Types of Mediators:
I. Social networks mediators.
ii. Authoritative mediators.
iii. Independent mediators.
3. Conciliation: This is the third party activity which covers intermediary efforts aimed at persuading
the parties to a conflict to work towards a peaceful solution, conciliation involves persuasion. In
conciliation, the conciliator communicates secretly with parties and provides the assistance needed
from a neutral third party. The aim of conciliation is to reduce tensions between patties in other
conflict areas.

4. Grassroots Community based activities: In this inter communal relationship festival like New yam
festival among Igbo of Nigeria, initiation rite and puberty festival for young people, marriage
ceremony, the sharing of village and community market, wedding, death and the accompanying
mourning rites bring people from far and near to have face to face interaction that is capable of
disabusing their minds and forgetting the past.
5. Good Governance: This is the running of the affairs of government or state in a positive and
progressive manner beneficial to the citizens and which delivers to the public good aspiration, good
governance helps to diffuse tension and remove problems as they rear up ugly head. Decision and
policy makers take right decision as at when due. In so doing the rulers gain support of the individual
citizens.
6. Communication: This is the process of sharing and exchanging information between individuals,
group and political parties. It involves the process of interacting and relating with others. The exchange
and sharing of information can help to remove doubt, suspicion and contribute to the process of
confidence building poor communication or misinterpretation of the needs and feelings of the
sociopolitical and economic environment.
7. Tolerance: This is another skill that does not only bridge conflict or disputes but also resolves it. It is
a skill not only of interpersonal relationship but also inter communal relationship. Communities are
advised to tolerate themselves in other to avoid crisis and resolve conflicts.
8. Security Intervention: This is one way of resolving conflict and preventing it from deteriorating.
Security intervention includes the military, police, civil defence officer, and other security agents. The
roles of security agents are maintaining law and order, the intervention of security agencies, stage
table for dialogue. The security calms the tension and allows discussion to start.

PHYSICS
REFLECTION OF LIGHT THROUGH CONVERGING AND DIVERGING LENS
A lens is any transparent material which could be glass, plastic or nylon with two faces, of which at
least one is curved. It causes a beam of light passing through it to either converge or diverge.

TYPES OF LENSES
There are two kinds of lenses.
i. The converging or convex lens.
ii. The diverging or concave lens.

CONCAVE LENSES (DIVERGING LENSES)
The diverging (concave) lens makes a parallel beam of light to appear to diverge from a point. They are
biconcave, plano concave and diverging meniscus. Rays that passed through diverging lenses are
diffused or spread out. This is because there are thinner at the middle than at the edge. This enables
parallel rays of light to diverge after refraction.

These are the characteristics:
1. They produce virtual images, meaning that they do not possess the focus.
2. Concave lenses independent of the distance of the object. This images produced are always virtual,
diminished and erect.

CONVEX LENSES (CONVERGING LENSES)
The converging (convex) lens makes a parallel beam of light to converge to a point. Such lenses are
thicker at the centre than at the edges. They includes convex, plano-convex and converging meniscus.
Rays that passed through converging lenses come together at the point of the focus. Convex lenses
have their centre thicker than the edges and this enables them to cause parallel rays of light to
converge at a point.

The following are the characteristics:
1. They possess a true focus, giving rise to the formation of real images.
2. They can form images which can be magnified, erect or inverted.
3. Images produced on convex lenses are dependent on the distance of the object.

TERMS USED IN REFRACTION THROUGH LENSES
1. Principal focus of a converging lens: This is the point at which rays closer and parallel to the principal
axis come together or converge after refraction.
2. Optical centre (c): This is the point on the lens through which rays of light pass.
3. Principal focus of a diverging lens: This is the point at which rays closer and parallel to the principal
axis spread out or diverge after refraction.
4. Principal axis of a lens: This is a line joining the curvature to its surface.
5. Focal length (f): This is the distance between the optical centre and the principal focus.
6. Power: The power of the lens is equal to the reciprocal of the focal length. It is measured in diopters
and focal length is measured in meters.

SHAPES (FORMATIONS) OF LENS RAYS
Three classes of rays are used to obtain the position and nature of images formed by lenses. These are:
i. Rays parallel to the principal axis and close to it, which pass through the principal focus after
refraction.
ii. Rays through the principal focus which emerged parallel to the principal axis after refraction.
iii. Rays through the optical centre which pass through the lens undeviated, i.e. their direction is
unchanged.

LENS FORMULA AND MAGNIFICATION
For lens formula if the object distance is known, and the image distance at which it is formed on the
screen is also known, then the focal length is calculated using:
1/v + 1/u = 1/f and this is called the lens formula.
1/v + 1/u = 1/f ....................(1)
f = r/2
Where u = object distance.
v = image distance.
f = focal length.
Magnification (M) is defined as:
M=

image height

Object height
𝑣

M=𝑢

Distance of image from lens

= Distance of object from lens

Magnification can also be defined as:
Image distance

Image height

Magnification (M) = Object distance = Object height
V

H1

M = Uo = Ho
Examples

1. An object placed 7cm in front of a converging lens of focal length 14cm produces a magnified image
of 8cm high. Find the size and the position of the image.
Solution
1/v + 1/u = 1/f
u = 7cm
v = 14cm
v = unknown.
1/v + 1/7 = 1/14
1/v = 1/14 - 1/7
1/v = (1-2) / 14
1/v = -1 / 14
v = -14 / 1
v = -14
Therefore, the image is virtual.
v

M= =
u

image height

Object height

14/7 = 8/h
Where h = height of object.
Cross multiply
14 × h = 7 × 8
h = (7 × 8) / 14
h = 58/14
h = 4cm.

2. Find the nature and position of the image of an object placed 6cm from a diverging lens of focal
length of 15cm.
Solution
u = 6cm
f = -15cm since it is a diverging lens.
v = unknown.
Using 1/v + 1/u = 1/f
1/v + 1/6 = 1/-15
1/v = (1/-15) - (1/-6)
= (-5 - 2) / 30
= -7/30
v = -30/7
v = -4.28cm
The image is virtual and 4.28cm from the lens on the same side of the object.

3. A converging lens produces a four times magnified and upright image of an object placed in front of
it. If the focal length of the lens is 11cm, calculate the object distance.
Solution
M = v/u = 4
v = 4u
f = 10cm
u = unknown.
Note: an upright image is virtual, hence the image distance is negative.
Using 1/v + 1/u = 1/f
1/-v + 1/u = 1/f
1/-4u + 1/u = 1/10
(-1 + 4) / 4u = 1/10

3/4u = 1/10
Cross multiply
4u × 1 = 3 × 10
4u = 30
u = 30/4
u = 7.5cm
4. The refractive index of liquid is 1.5. If the velocity of light in a vacuum is 3.0 × 10 8 m/s, find the
velocity of light in the liquid.
Solution
n = Va/ Vb
Where n = refractive index
Va = velocity of light in vacuum
Vb = velocity of light in liquid.
1.5 = (3.0 × 108) / Vb
Cross multiply
Vb × 1.5 = 3.0 × 108
Vb = (3.0 × 108) / 1.5
Vb = 2 × 108 m/s

POWER OF LENS
Power of a lens is the ratio of one of the focal length to the focal length of the other, or the ratio of a
focal length.
1

Mathematically, power of a lens = 𝑓

Power of diverging lenses is negative while the power of converging lenses is positive.
Diverging = negative power lens.
Converging = positive power lens.

Examples:
1. A concave lens has a focal length of 5cm. Find the power of the lens.
Solution
Power of lens = 1/f
f = -5cm = 0.050m
Power of lens = 1/f
= v/-0.05
= -20D
Power of lens = -20D

2. Find the image distance of the object whose distance is 10cm and the power of the lens is 5 diopters.
Solution:
Power of lens = 5 diopters
u = 10cm
Power of lens =

1

𝑓

1/f = 1/u + 1/v
5 = (1/10) + 1/v
1/v = (5/1) - (1/10)
= (50 - 1) / 10
= 49/10
1/v = 49/10
Cross multiply
49 × v = 1 × 10
49v = 10
v = 10/49
v = 0.20cm.

THE HUMAN EYE

The human eye is a pair located in the eye sockets of the brain which is held in position by some
muscles that connect the blood vessels with nerve cells. It has a refractive system containing a
converging lens which forms an image of an object in front of the eye on a light sensitive layer at the
back of the eye.

The eye is made of three layers:
i. The schleroid layer.
ii. The choroids layer.
iii. The retina layer.

The schleroid and choroids layer are the outer and sub-inner layers respectively, while the retina is the
innermost layer, the most sensitive part of the eye being the fovea. The retina darkens the focus of
the image so that any ray of object focused on it can be interpreted quickly in the brain.

The essential parts of the eye and their functions are:
1. The cornea: this is too thick transparent bulge in the front part of the eye. It serves as a protective
covering in front of the lens to allow light into the eye and also focuses the light entering the eye.
2. The aqueous humour: This is the transparent liquid between the cornea and the lens. It serves to
keep the eyes in its spherical position.
3. The vitreous humour: This is a jelly-like liquid between the lens and the rest of the eye. It has the
same function as aqueous humour.
4. The Iris: This is behind the cornea. It is the part that give the colour of the eye. It has a tiny opening
at its centre called the pupil which regulates the quantity of light entering the eye. The pupil looks
black because the inner layer of the eye, the choroid, is black.
5. The crystalline lens: This is the point of focus from the object to the sensitive retina. It is a smooth,
tough white skin which serves as a converging lens. It converges any ray passing through it at its
focus.
6. The ciliary muscle: It supports the lens and attaches it to the wall of the eye. By their contraction
and expansion, the muscles alter the focal length of the lens by changing its shape.
7. The retina: This is the sensitive part of the eye at the back of the eye. The image is formed on the
retina which consists of light sensitive nerve endings which are connected to the optic nerve. The
optic nerve conveys the sensation of sight to the brain.
8. The yellow spot: This is the most sensitive spot of the retina. It is here that light entering the eye are
usually brought to a focus and here, the clearest image is formed.
9. The blind spot: This is the point of exit of the optic nerve from the retina. It is insensitive to light.
THE OPTICAL SYSTEM OF THE EYE
The optical system of the eye consist of the cornea, the lens, the aqueous and vitreous humour. They
operate to form a real and inverted image of an external object on the retina. The retina transmits the
impression created on it by this image to the brain through the optic nerve. The brain then interpret
the impressions.

ACCOMMODATION
This is the ability of the eye to alter or adjust the focal length of its lens so as to form clear images of
objects at different distances on its retina. This adjustment is brought about through the action of the
ciliary muscles.

DEFECT OF VISIONS AND CORRECTION OF DEFECTS
Eye defect is a disease of the eye which is experienced when light refraction coming from the object
through the lens is not properly focused on the retina. It maybe before or beyond the retina, wrong
image, untrue colour image or blurred image.

Some of the eye defects are:
i. Myopia or short sightedness.
ii. Hypermetropia or long sightedness.
iii. Astigmatism.
iv. Presbyopia.

MYOPIA OR SHORT SIGHTEDNESS AND ITS CORRECTION
Short sightedness is an eye defect in which one can only see short distance object very clearly but
cannot see a long distant objects. This arises when the eyeball is too long all the crystalline lens is too
converging that the rays from distant objects are brought to a focus in front of the retina instead of at
the retina. Short sight can be corrected by placing a suitable concave or diverging lens in front of the
eye. This diverging spectacle lens will diverge the rays of light entering the eye so that the ray is brought
in to a focus.

HYPERMETROPIA OR LONG SIGHTEDNESS AND ITS CORRECTION
This is a long sight defect in which one can only see long distant objects very clearly and not short
distant object. This is caused by the eyeball being too short or the crystalline lens not being sufficiently
convergent. The defect is corrected with the aid of a suitable converging lens. The converging spectacle
lens will converge the rays of light entering the eye so that the rays are brought in to a focus.

ASTIGMATISM AND ITS CORRECTION
Astigmatism is a defect that is mostly caused by the cornea. When the rays of object which the corner
there are reflected at different rates because of the roughness, muteness and thickness of the cornea
and the lens. It is the inability to see things more clearly in one direction than in other directions. To
correct this eye defect, cylindrical lenses are used.

PRESBYOPIA AND ITS CORRECTION
This is an eye defect in which the eye is unable to accommodate. It is caused by the inelasticity of eye
lens due to old age. To correct presbyopia, bifocal lenses are used.

THE SIMPLE CAMERA

The simple camera consist of a light proof box with a converging lens in front and a light-sensitive film
at the back. Sometimes, the convex lens is replaced by a series of system lenses. To take a photograph,
the camera lens is pointed at the object and the focusing ring is used to adjust the distance of the lens
from the film until a sharp image is seen on the film. When the button is pressed, the shutter quickly
opens and closes, exposing the film for a brief period to the light from the object. After the photograph
is taken, the firm is wound on between two spools until it is all used up.

SIMILARITIES BETWEEN THE HUMAN EYE AND THE CAMERA
1. The diaphragm controls the amount of light entering the camera. The iris perform the same function
in the eye.
2. The camera includes light tight box painted black inside. The human eye also is impregnated with
black pigments within.
3. The pupil in the eye serves the same purpose as the aperture of the camera.
4. Both the eye and the camera have converging lens to focus rays from an external object.
5. The iris in the eye serves the same function as the diaphragm of the camera, to regulate the amount
of light entering the equipment.
6. Both have light sensitive materials on which the rays are focused, the retina in the eyes and the film
in the camera.

DIFFERENCE BETWEEN THE HUMAN EYE AND THE CAMERA
1. The eye can suffer from defect of visions unlike the camera.
2. The eye is a biological and natural organ while the camera is an electrical and mechanical device.
3. The human eye has the power of accommodation because it has a variable focal length but the focal
length of the camera lens is fixed.
4. In the human eye, the distance between the lens and the retina is fixed. In the camera, the distance
between the lens and film can be varied.

SOUND WAVES
Sound is a form of energy produced by vibrating bodies e.g. when we strike a locker, a tuning fork etc.
Sound is obtained as a result of vibration in a material medium such as air and water, which help to
transmit wave. Thus, the nature of the vibration determines the type of sound produced. The
vibrations cause the surrounding air to vibrate also producing disturbance of the air.
TRANSMISSION OF SOUND
An important aspect of sound transmission is that a material medium is always required for the
passage of sound. This can be demonstrated in the experiment below.
It consists of an electric bell covered with a bell jar placed on the plate of a vacuum pump. The jar is
made airtight by applying thick grease round the base of the jar. Electrical connections make the bell
to ring and produce some sound which is clearly audible. The pump is then switched on to remove the
air gradually. As more and more air is pumped out from the bell jar, the sound of the bell become
fainter and fainter though the clapper is still seen to be striking the bell. No sound is heard when are
there had been pumped out leaving a vacuum in the bell jar. The clapper is still seen to be vibrating
even though no sound is heard, showing that light waves can travel through a vacuum but sound waves
cannot travel through a vacuum. Sound is again heard when air is reintroduced in the bell jar.

NOISE AND MUSIC
We can classify sound into noise or musical notes. Noise is an unpleasant sound produced at different
frequencies. It disturbs the hearing system of human beings. It is a mixture of different sounds with
different frequencies at different levels. It is due to the vibrations of irregular frequencies such as the
rattling of a wheel on a rough road, the noise in a class and unpleasant sounds that affect human
beings. Thus, noise is regarded as a sound or combination of sounds of constantly varying pitch. On
the other hand, music is a pleasant sound produced at the same frequency. It is a sound of the same
frequency at the same level and is good for hearing. A musical notes possesses the characteristics of
pitch, loudness and quality. When two musical notes have frequencies which are in the ratio of 2:1,
the two notes are said to differ by an octave.

CHARACTERISTICS OF MUSICAL NOTES OF SOUND
1. Pitch: The pitch is the position of a note on the musical scaling which depends mainly on the
frequency of vibration of the medium and consequently on the source. The higher the pitch, the
higher the frequency of the sound produced and vice versa.
2. Loudness: The loudness of a sound is a sensation which is determined by the intensity of the sound
and by the sensitivity of the observer's ear. It is the magnitude of the sensation resulting from a
sound reaching the ear. It depends on the intensity of the sound wave which reaches the listener's
ear. It also depends on the square of the amplitude of the sound wave. A soft sound has a small
amplitude but a loud sound has a large amplitude.
3. Quality or tone (timbre): Quality is a characteristic note of a musical instrument which distinguishes
it from another note of the same pitch and loudness produced by another instrument. This is
because a note played by a musical instrument is always a blend of the fundamental frequency and
overtones or harmonics of higher frequency. The quality of a note therefore depends on the
overtones present in the notes.
DIFFERENCE BETWEEN NOISE AND MUSICAL NOTES
1. There is no fixed frequencies of vibration in noise whereas there is a constant frequency of vibration
in a musical note.
2. Noise is made up of irregular vibrations while musical notes has a uniform vibration.

WORKED EXAMPLES
1. In an experiment to determine the frequency of a note, it was observed that the counter records a
revolution of 500 for a time of 2.5 minutes. If the disc siren has 60 holes in a ring, what is the
frequency of the note emitted?
Solution
f=

number of revolution × number of holes
time in seconds

f = (500×60) / (2.5×60secs)
f = 200 vibrations per second Or f = 200 Hz

2. In another experiment, a note of the same page as in the above is produced using toothed wheel
and it requires 400 revolutions of the wheel in 1.5 minutes to produce the note. Calculate the
number of teeth in the wheel.
Solution:
Pitch is proportional to frequency. Since a note of the same pitch is produced, the frequency is 200 Hz.
f=

number of revolutions × number of holes

200 =

time in seconds

400 × number of holes
1.5 × 60

Cross multiply

200 × 1.5 × 60 = 400 × number of teeth
Number of teeth =

200 × 1.5 × 60

Number of teeth = 45.

400

FORCED VIBRATIONS
All types of vibrating systems have their own natural frequency of vibration. This is the frequency with
which the body or system will vibrate when it is left undisturbed after being set into oscillatory motion.
For example, the natural frequency (f) of a simple pendulum at any place depends only on the length
of the pendulum.
Forced vibrations therefore are those vibrations that result from an external periodic force acting on
a system and setting the system vibrating at the same frequency as the external periodic force. The
following examples of forced vibrations.
1. When a vibrating tuning fork is placed in contact with a table top. The sound is observed to become
louder because the vibrating fork forces a larger surface (the table top) to vibrate, setting in motion
a greater mass of air in contact with it.
2. The vibrations of a cone of a loudspeaker caused by the fluctuations in the current flowing through
the adjoining voice coil.
3. The vibrations of the diaphragm of a telephone microphone or transmitter caused by the sound
waves impinging on it.
4. The vibrating body of a violin caused by the vibrations of the strings of the instrument.
RESONANCE
Resonance is a unique case of forced vibration which occur when the frequency of a vibrating body
acting on a system coincides with the natural frequency of the system. In this unique case, the free
vibrations re-enforce the first ones and a large amplitude of vibration is developed.
Resonance therefore is defined as the phenomenon which occurs whenever a particular body or
system is set in oscillation at its own natural frequency as a result of impulses or signals received from
other system or body which is vibrating with the same frequency. The two kinds of resonance are:
a. Mechanical resonance: Which can be gotten with the aid of a pendulum.
b. Acoustic resonance: Which can be gotten from a tuning fork and a burette tube.

HARMONICS AND OVERTONES IN A STRETCHED STRING
The lowest frequency at which a vibrating body produces sound of the lowest possible note is known
as the fundamental frequency (fo). Harmonics are the whole number multiples of the fundamental
frequency. fo is the first harmonic. 2fo, 3fo etc. are the second and third harmonics etc. Overtones the
next higher frequencies produced after the fundamental frequency by a vibrating body.

VIBRATIONS OF AIR IN CLOSED AND OPEN PIPES
Closed Pipes

The air at the closed end is not free to vibrate so a node is formed at the closed end. While the air at
the open end is free to vibrate with maximum amplitude so an antinode is formed at this end. This is
the simplest mode of vibration and is called fundamental mode (fo).

Where v is the velocity of sound in air,
L is the length of the vibrating column,
λ is the wavelength.
Second mode : or first overtone — [Figure (2)]

Similarly for third mode or second overtone [figure (3)]

Thus in closed pipe, only odd numbers of harmonics are present as overtones accompanying the
fundamental notes. The possible harmonics are fo, 3fo, 5fo, 7fo, 9fo, 11fo etc.

Open Pipes

In this mode of vibration, there is one node at the centre of the pipe and two antinodes, one at each
open end as shown in figure (a).

Equation (3) represents fundamental frequency or lowest frequency of vibration
ii. Second mode or first overtone: In this mode of vibration, there are two nodes and three antinodes
as shown in figure (b).

Thus, frequency of first overtone (second harmonic) is twice the fundamental frequency

iii. Third mode or second overtone: In this mode of vibration, there are 3 nodes and 4 antinodes as
shown in figure (C). Let v = wave velocity in air (As the medium is same, wave velocity remains same)
n2 = next higher frequency.

Thus, frequency of second overtone is thrice the fundamental frequency.

DETERMINING THE VELOCITY OF SOUND IN AIR USING A RESONANCE TUBE

We can determine the velocity of sound in air using a tuning fork of known frequency and a resonance
tube. A resonance to consist of a glass tube filled with water. The volume or length of air in the tube
can be varied by gradually letting out the water through a rubber tubing. A suitable tuning fork of
known frequency f is set into vibration and placed above the top of the tube full of water. Water is
then run off slowly by means of the tap till the first resonance, marked by a loud sound is heard. The
length of the air column (L1) when this occurs is measured. By further increasing the length of the air
column by letting out more water, a stage is reached where is second resonance sound is heard. The
length of the second air column (L2) is also measured.

WORKED EXAMPLE
The shortest length of the air column in a resonance tube closed at one end which resonates to a
frequency of 560 Hz is found to be 20cm. What is the wavelength of this sound in air? What
assumptions have you made?

Solution
At resonance L + c = λ/4
Where c = end of correction (which arises from the fact that the antinode at the top does not exactly
coincide with the top of the tube but project slightly above It by an amount c, known as end of
correction).
If we assume that c is negligible, then l =
Cross multiply

λ

4

λ = 4l = (4×20) / 100 = 0.8m
VELOCITY OF SOUND AND STATIONARY WAVES
Velocity of sound in air increases with temperature. It is also affected by wind direction but is
independent of pressure of the surrounding air, and the pitch and loudness of the air. Stationary waves
are produced when two waves with the same frequency and amplitude traveling in opposite directions
are superposed.

APPLICATION OF SOUND WAVES IN MUSICAL INSTRUMENTS
The source of any sound is a vibrating object. In musical instruments, the source is usually set into
vibration either by striking, plucking, bowing or by blowing. Standing waves are produced and object
vibrates at its natural resonant frequencies.
Musical instrument classification is a discipline in its own right and many systems of classification have
been used over the years. Instruments can be classified by their effective range, their material
composition, their size etc. However, the most common academic method, Hornbostel-Sachs, uses the
means by which they produce sound. The academic study of musical instrument is called organology.

Musical instruments are generally classified into four and they are
a. Wind instruments.
b. Stringed instruments.
c. Percussion instruments.
d. Brass instruments.

WIND INSTRUMENTS
These are the instruments that make sound through a vibrating column of air. Here, the player blows
through the open end causing a column of air to vibrate. The work on the principle of sound waves,
frequencies, harmonics, resonance and acoustics. By manipulating the keys of the instrument, the
player alters the length of the vibrating air column thereby producing a sound of different tone,
frequency or pitch.

Some of the popular wind instruments are flute, piccolo, shakuhachi, clarinet, bassoon, English horn,
oboe, saxophone, harmonica etc.

STRINGED INSTRUMENTS
In stringed instruments, the player where is the pitch of each string by pressing it at one point against
a finger board - the shorter the length of the vibrating string, the higher the pitch of the sound. The
heavier strings produce lower notes. The various combinations of the fundamental frequency and the
overtones produce musical sound of various quality. Stringed instruments would not be very loud if
they relied on their vibrating strings alone to produce the sound waves since the strings are too thin
to compress and expand much air.

Therefore make use of a kind of mechanical amplifier known as sounding board for piano, or sounding
box for guitar and violin which acts to amplify the sound by putting greater surface area in contact with
the air.
Examples of stringed instruments includes guitars, piano, violin, mandolin, harp, sarod etc.

PERCUSSION INSTRUMENTS: Percussion instruments produce sound when it is hit or struck.
Depending on the type of surface, one can use one's hands, stick or other similar object for striking the
instrument surface. They have tant skin, membranes, rods, or plates which vibrates when struck. The
note produced is usually of short duration.

A drum for example has a stretched membrane that vibrates when hit with a stick or hand. Cords
around its rim enable the player to change the pitch of the note emitted by the drum. Xylophone on

its own have a metal or wooden bars that can be set into vibration. The wooden bars of the xylophone
tuned to various notes and arranged like a piano keyboard are struck with mallets.
Examples of percussion instruments includes drum, Congo, tabla, cymbals,bells, xylophone, marimba
triangle etc.

BRASS INSTRUMENTS: All does shiny trumpets and trombones that feature so prominently and jazz
and blues music are classic examples of brass instruments. Brass instruments are named so, not
because all of them are made from brass, but due to the nature and texture of the sound that they
produce.

They work on pretty much the same principle as wind instruments, with a few modifications here and
there. In case of brass instruments, the length of the air column can be changed using press valves or
through a slide mechanism.
Some of the popular ones are trumpets, trombones, bugle, conch, tuba, bazooka, cimbasso etc.

HEARING AIDS
Hearing is the sense concerned with the perception of sound. As with the eye, the ear may also have
some defects or impairments. Just as we need eye glasses to improve or enhance our ability to see
very clearly we also do need hearing aid to hear more loudly and distinctly.
Hearing aid therefore is a device used by a person with impaired or defective hearing ability to improve
his or her ability to hear properly. This device increases the loudness of sound in the ear of the wearer.

TYPES OF HEARING AID
There are two major types of hearing aids and they are:
a. Air-conduction aid.
b. Bone-conduction aid.

AIR-CONDUCTION AID: An air conduction aid amplifies sounds and brings it directly into the ear. It is
the hearing aid that most people wear.

BONE-CONDUCTION AID: Bone-conduction aid are for those people in whom sound cannot be
transmitted through the outer or middle ear. This type of aid bring sound waves to the bony part of
the head behind the ear. The bone transmits the vibrations of the auditory nerves of the cochlea.
Hearing becomes possible when these nerves are stimulated.

PARTS OF HEARING AIDS
Modern hearing aids are electronically operated. They are made up of five major parts.
1. The microphone: They pick up the sound and change it into electrical signals.
2. The amplifier: They increase the strength of the signals.
3. The receiver or ear piece: They changes the signals back to amplified sounds that can be understood
by the listener.
4. The battery: They supply power for the operation of the equipment.
5. Ear mold: They secure the receiver in the ear canal.

ECHO
Echo is a sound heard after the reflection of sound waves from a plane or polished surface.
Time of echo = (total distance travelled by sound) / (velocity of sound)
Since sound usually travels from a person to a wall and return as an echo to the person, the total
distance traveled is 2d meters.
2d

Hence, t = 330

But t must be greater than 0.1 sec, it follows that
2dx330 > 0.1
Or
d > 16.5m
Therefore, the minimum distance away from the wall for distinct echo is about 17 meters.

ADVANTAGES OF ECHO AND ITS APPLICATIONS
1. It is useful in finding the distance of a cliff from a point and the speed of sound in air.
2. Use of echo sounding and finding depth eg echo sounder or fathometer used in ships for measuring
the depth of the sea.
3. Echo is also employed in submarines (under water) exploration eg for gas and oil submarine
explorations, to detect underwater objects such as warships and aquatic gatherings. The system or
device used is called sonar.

DISADVANTAGES OF ECHO
1. Reverberation: This is the name given to the perseverance of the sound after the sound ceases. An
auditorium or hall where reverberation occurs is said to have poor acoustical properties.
Reverberation is reduced in halls by covering the ceilings and walls with soft perforated boards
which can minimize the reflection of sound waves by absorbing them quickly.

ENERGY AND SOCIETY
Sources of energy:
There are many energy source available to the society. They include:
1. Biomass energy source which involves the use of plant materials to generate energy.
2. Solar-thermal energy source which has to do with the conversion of the sun's heat energy.
3. Photovoltaic energy source involving the production of electricity directly from the light energy of
the sun.
4. Nuclear reaction which is regarded as the ultimate alternative sources of energy.
5. Other sources of alternative energy include wind power, heat in the Earth's crust and hydroelectric
power which is presently being harnessed and serves as a major source of energy in Nigeria.
DEVELOPMENT OF ENERGY
The world is still researching and developing other sources of energy. Some of them are highlighted
below:
a. Energy from fossil, petroleum and natural gas (Hydrocarbons): Petroleum occurs naturally in two
forms - liquid and gas. Liquid petroleum that occurs naturally in a reservoir or oil well is called crude
oil. The gaseous petroleum is referred to as natural gas. Petroleum is a mixture of organic
substances called Hydrocarbons.
b. Nuclear energy: This has the best prospects of providing the world enough of its energy needs, but
fear of nuclear accidents always haunts the society for it can be very catastrophic. Nuclear energy
is environmentally friendly as it does not pollute the atmosphere.
c. Solar energy: This is the energy from the sun. It is a very useful form of clean energy. in sunny areas
of the world, solar energy is collected by solar panels which can be used to either drive turbine or
for domestic uses.
d. Wind energy: This is another clean form of energy that results from uneven heating of the earth's
surface. It is driven by the thermal energy of the sun and can be used by sailing ships and for turning
windmills. Wind energy can be used to produce large scale electricity.
e. Hydroelectric energy or water energy: It provides energy from dams, hydroelectric plants etc.
f. Geothermal energy: This is the enormous heat within the Earth itself. It is generated wherever water
comes in contact with hot rocks below the earth's surface. The Rock's give out heat that makes the
water hot enough to turn into steam.
g. Energy from coal and wood: They can be released when they are heated. The released energy is
used in powering electric plants, driving some locomotives and for domestic use. Coal is used to
power and generate electricity.
h. Tidal and ocean energy: They are produced from tides and oceans. Tides are due to the gravitational
pull of the Moon on water surrounding the Earth. Tidal power or energy is environmentally friendly.

i. Biomass energy: They the energy released from the degradation of fermentation of such organic
materials like cow dung, poultry waste, rice husk, human and animal excrements, garbage,
cornstalks etc.
Till date, only hydroelectric power, and nuclear power have been a significant alternative to fossil fuels
(petroleum and natural gas).

RENEWABLE AND NON-RENEWABLE ENERGY RESOURCES
Renewable Energy Resources
This is the energy which is generated from natural sources i.e sun, wind, rain, tides and can be
generated again and again and as when required. They are available in plenty and by far the cleanest
sources of energy available on this planet. For example, energy that we receive from the sun can be
used to generate electricity. Similarly, energy from wind, geothermal, biomass from plant, and tides
can be used to fulfill our daily energy demands. About 16% of global final energy consumption
presently comes from renewable sources, with 10% of all energy from traditional biomass, mainly used
for heating and 34% from hydroelectricity. Renewable energy is derived from natural process that are
replenished constantly. In its various forms it derives directly from the sun or from heat generated
deep within the earth included in the definition is electricity and heat generated from solar, wind,
ocean hydropower, biomass, geothermal resources and biofuels and hydrogen derived from
renewable resources.

ADVANTAGES OF RENEWABLE ENERGY RESOURCES
1. The sun, wind, geothermal, and ocean energy are available and in abundant quantity and free to
use.
2. The non-renewable source of energy that we are using are limited and are bound to expire one day.
3. Renewable sources have low carbon emissions, therefore they are considered as green and
environment-friendly.
4. Renewable sources help in stimulating the economy and creating job opportunities. The money that
is used to build these plants can provide jobs for thousands and millions of people.
5. You do not have to rely on any third country for the supply of renewable sources as in case of nonrenewable source.
6. Renewable source can cost less than consuming the local electrical supply. In the long run, the prices
of electricity are expected to drop since they are based on the prices of crude oil. so renewable
sources can cut your electricity bills.
DISADVANTAGES OF RENEWABLE ENERGY RESOURCES
1. It is not easy to setup a plant as the initial cost are quite on the high side.
2. Solar energy can be used during the day time and not during the night or rainy season.
3. Geothermal energy which can be used to generate electricity has its side effects too. It can bring
toxic chemicals beneath the earth surface onto the top and can create environmental changes.
4. Hydroelectric energy provides pure form of energy but building dams across the river which is quite
expensive can affect natural flow and affect aquatic life.

Non-Renewable Energy Resources
Non-renewable energy is the energy which is taken from the sources that are available on the earth in
limited quantity and we Vonage some years from now. Non-renewable sources are not environmental
friendly and can have serious effects on our health. They are called non-renewable because they
cannot be regenerated within a short span of time. Non-renewable sources exist in the form of fossil
fuels, natural gas, oil and coal.

USES OF ENERGY
The use of energy has been a key in the development of the human society by helping need to control
and adapt to the environment. The development of energy resources has become essential in this vital
areas of use such as
i. Agriculture in irrigation.
ii. All forms of transportation.
iii. Information technology.
iv. Waste collection and recycling.
v. Communication.
vi. Electricity supply to homes and running industrial machinery.
vii. For heating and cooling of homes etc.

ENVIRONMENTAL IMPACT OF ENERGY USE
Utilization of energy resources in running factories, transportation, heating, cooling, and lighting our
homes and offices etc. has a great effect on the environment. Burning of fossil fuel for example
produce is available and instantaneous supply of electricity for industry or power to move vehicles but
it however, generate air pollutants including carbon iv oxide, sulphur iv oxide, and nitrogen oxides etc.
Some known global implications of the various forms of pollution being introduced into the
atmosphere are:
a. Acid rain: This results when gaseous emissions of sulphur and nitrogen oxide come in contact with
water vapour and sunlight, and are chemically converted to strong acidic compounds such as
sulfuric acid and nitric acid, causing untold damage to buildings and monuments, adversely affecting
crops and human skin.
b. Greenhouse effect: This is the trapping of the sun's radiation and heat in the lower atmosphere of
the earth caused by an increase in carbon iv oxide which is more transparent to solar radiation than
to the reflected radiation from the earth. This problem has led to increase in the earth's average
temperature resulting in the melting of the polar ice caps and in catastrophic flooding of the coastal
areas.
c. Global warming: This is simply the increase in the temperature of the earth crust when certain gases
such as carbon iv oxide and smoke trap the sun's heat. This is currently causing havoc and
destruction on the earth's weather and climate such as change in the pattern of rainfall and
expansion of subtropical desert, change in agricultural yield etc.
d. Oil spillage: This is the release of the liquid petroleum hydrocarbon into the environment due to
human activity and it is a form of pollution. Oil spills include release of crude oil from tankers,

offshore platform drilling rigs and oil wells. This destroys farmlands, pollute rivers and streams,
poisoning the drinking water of villages and destroying aquatic life.
ENERGY CRISIS
Energy crisis is defined as any great setback or bottleneck (e.g. price rise, shortage/scarcity, and
decisive moments in the supply of energy resources to the economy. Energy crisis can occur due to
shortage in supply or increasing demand, monopoly manipulation of market, industrial action by union
e.g. strike action by tanker drivers, bottleneck at refineries and port facilities, vandalization of
pipelines, youth restiveness, power outages, financial mismanagement and misappropriation, and
mismanagement of resources etc.
CONVERSION OF ENERGY
From all indications, energy are all related with respect to small work to carry them out. By means of
suitable machines, energy can be changed from one form to another. There is an important law of
nature which govern these changes in the forms of energy. This is known as the law of conservation of
energy.
The law of conservation of energy states that in an isolated or closed system, the total amount of energy
is always constant, although energy may be changed from one form to another.

CONVERSION OF ENERGY
1. Conversion of mechanical energy to heat energy: A typical example of this conversion is the rubbing
of hands against each other. Other couple of things also come to mind like the disc brakes on our
automobiles, air compressors, and other grinding operation which generates heat due to friction.
2. Conversion of chemical energy to electrical energy: Batteries, fossil fuel power stations etc. are
typical examples of how chemical energy is converted to electrical energy. As the chemical reaction
occur in the internal circuit, electron carry electrical energy through a wire in the external circuit.
3. Conversion of radiation energy to electrical energy: Radiation energy can be converted directly in a
photoelectric effect as in a solar panel. Or it could be converted to heat, and then to electrical
energy through the thermoelectric effect. Or it could be converted first to mechanical energy as in
boiling a working fluid or running a turbine. Or it could be converted to chemical energy as in
photosynthesis, growing trees and then burning the wood to run a steam engine and generator.
DEVICES USED IN ENERGY CONVERSION
Almost everything convert one form of energy to another. That is how the universe works. Your leg
converts chemical energy in your muscles to kinetic energy and make you walk. Your gas stove converts
chemical energy to heat energy to heat up your food. Your table fan converts electrical energy into
kinetic energy, and then the kinetic energy into wind energy. The leaves of plants use the sun's solar
energy to convert accumulated chemical energy in fruits. If energy conversion did not take place in
such everyday situations, most of the things in the world would be very different than what we see
and most probably will not move at all.

CHEMISTRY
ALKENES
Alkenes form another family of hydrocarbons. They contains less hydrogen than the alkanes. Since
they contain less hydrogen than alkanes, they are referred to as unsaturated hydrocarbon. They
contains double bonds between the carbon atoms. The double bond between two carbon atoms is
formed by the combination of two covalent pairs. They form homologous series with general molecular
formula CnH2n, where n is a whole number which is equal to or greater than 2. The first member of
the series is C2H4. Hence, alkenes have no methane equivalent. They unnamed by replacing the-ane in
alkanes with -ene. A molecule containing two double bonds is called a diene while the one with three
double bonds is a triene.

ETHENE
Ethene is the first and the most important alkene with the formula C2H4. Ethene or ethylene is the first
member of the unsaturated aliphatic hydrocarbon series, and has a double bond. Its molecular weight
is 28. Ethene occurs in nature in free state, and in small quantities in plants. In combination, ethene is
found in various sources such as natural gas and coal

LABORATORY PREPARATION OF ETHENE

In the laboratory, ethene is prepared by dehydration of ethanol. On heating ethyl alcohol with
sulphuric acid at a temperature of 170 ° C temperature forms ethene.

INDUSTRIAL PREPARATION OF ETHENE
Ethene is prepared industrially by cracking of petroleum. When alkanes of high molecular weight are
heated at high temperature, the molecules breaks into alkane and alkenes of low molecular weight.
This process is called cracking. Ethane when heated up to 500oC forms ethene.

PHYSICAL PROPERTIES OF ETHENE
1. Ethene is a colourless gas.
2. Ethene possess pleasant odour at Standard Temperature and Pressure (STP).
3. Ethene is completely soluble in organic solvents and slightly soluble in water.
4. It is lighter than air.
5. Boiling point of ethene is -102°C and melting point is –169°C.
6. It has anesthetic effect on inhalation.

CHEMICAL PROPERTIES OF ETHENE
1. Combustion: Ethene on combustion produce carbon dioxide, water and heat. The reaction is
exothermic i.e heat is given off to the environment.
C2H4 + 3O2 -------> 2CO2 + 2H2O + Heat.
NB: The relative molar enthalpy of combustion of ethene is the enthalpy change which occurs when 1
mole of the substance (ethene) is completely burnt in oxygen under standard condition, and it is 1400
KJ/mol.
2. Reactivity: Ethene is more reactive than ethane and methane, as it has a double bond. The double
bond is weaker than single bond. Hence, it can be readily attacked any other reactant. The typical
reactions of alkenes involve the breaking of the double bond to form two single bonds. Such reactions
are called addition reactions.
3. Addition reaction: A chemical reaction is said to be an addition reaction if two substances combine
and form a third substance. In general, unsaturated hydrocarbons like alkenes and alkynes prefers to
undergo addition reactions. In addition reactions, molecules add across double bond or triple bond.
a. Addition of hydrogen to ethene: It gives ethane after catalytic hydrogenation in presence of nickel.

b. Addition of halogens: When treated with halogens like Chlorine (Cl), Bromine (Br) and Iodine (I), 1,
2, dihalo ethane is formed.
If we use chlorine as an example here, 1,2 dichloroethane is formed.

4. Polymerisation reaction: Polymerisation is a process in which large number of unsaturated
hydrocarbons join together to form a big molecule. The big molecule formed in this process is called

a polymer. The polymer polythene is formed by the polymerisation of ethene at high temperature
and pressure.

Where n = more than 1000

USES OF ETHENE
1. To ripen green fruits.
2. An essential ingredient in manufacture of synthetic chemicals such as ethylene glycol, diethyl ether,
ethylene oxide and mustard gas.
3. To manufacture polymers like poly ethylene and poly vinyl chloride.
4. It is also useful in the synthesis of important chemicals useful in industries.
5. In the preparation of ethanol by boiling ethene with aqueous tetraoxosulphate VI acid.

ALKYNES
The alkyne contains triple bond C≡C as clear result of SP hybridization. They have the general molecular
formula of CnH2n-2 where n is equal or greater than 2. They have the highest degree of unsaturation as
they contain an even smaller proportion of hydrogen atoms than the alkene, hence, are chemically
more reactive than the corresponding alkenes and alkynes. They unnamed by substituting the -ane in
alkanes with -yne.

Ethyne (acetylene) is the first member of the alkyne series. It has a molecular formula of C2H2, and a
structural formula of H-C≡C-H.

LABORATORY PREPARATION OF ETHYNE

Ethyne is prepared in the laboratory by the action of cold water on calcium carbide. The gas evolved is
passed through and acidified copper II tetraoxosulphate VI solution to remove gaseous impurities such
as phosphine PH3, hydrogen sulphide H2S, and ammonia NH3, and then collected over water. The
reaction is highly exothermic hence, it is performed on a heap of sand inside the flask to prevent the
flask from cracking.
CaC2 (s) + 2H2O (g) -----------> C2H2 + Ca(OH)2 (aq)

Note: Carbide may be prepared by heating the appropriate metal or it's oxide with carbon, carbon ii
oxide or a hydrocarbon.

PHYSICAL PROPERTIES OF ETHYNE
1. The molar mass of ethyne is equal to 26.038 grams per mole.
2. Under standard conditions for temperature and pressure (usually abbreviated to STP), ethyne is
known to exist as a colourless gas which does not have any distinct odour.
3. The density of this compound is known to be approximately equal to 1.097 grams per litre.
4. The melting point of ethyne is roughly equal to -80.8 degrees Celsius (or 192.3 Kelvin).
5. Ethyne is known to be slightly soluble in water.
6. The molecular shape of the ethyne molecule is linear.

CHEMICAL PROPERTIES OF ETHYNE
1. Addition reaction: Ethyne undergoes addition reaction with hydrogen halides, halogen, and
hydrogen to first form ethene and then ethane in the following ways:
a. Addition reaction with hydrogen halides:

b. Addition of halogens (Halogenation): Ethyne reacts with chlorine and bromine in the presence of a
metallic halide catalyst at room temperature to yield halogenated compounds.

If pure ethyne and chlorine are used in the absence of a catalyst, instead of an addition compound,
carbon and hydrogen chloride will be formed with a violent explosion.
C2H2 (g) + Cl2 ------> 2C (s) + 2HCl (g).

c. Addition of hydrogen (Hydrogenation): Ethyne reacts with hydrogen in the presence of a nickel
catalyst at about 200°C to form ethene and later ethane.

2. Reaction with acidified potassium tetraoxomanganate vii solution: At room temperature, ethyne
decolourises the purple solution of KMnO4, forming ethanedioc acid.

This is a distinguishing test between alkynes and alkenes.
3. Combustion reaction: Ethyne reacts with oxygen in an exothermic reaction, forming carbon IV
oxide and water.
2C2H2 (g) + 5O2 (g) -------> 4CO2 (g) + 2H2O.
4. Polymerisation reaction: Ethyne, when passed through a red hot tube at a temperature of 400°C,
polymerises to benzene.

USES OF ETHYNE
1. Ethyne is used as a fuel in lamps eg the miner's lamp.
2. Ethyne is mixed with oxygen to produce a very hot and easily controllable flame known as oxyethyne or oxy-acetylene flame which is used for cutting and welding metals.
3. Ethyne is a source of ethanal and the solvent 1, 1, 2 trichloroethene and 1,1,2,2 tetrachloroethane
are used in the industry and in dry cleaning.
4. It reacts with ethanoic acid and cellulose to form cellulose ethanoate which is used as cellophane.
5. It is a good starting material for the synthesis of all the important organic compounds eg ethanoic
acid.
6. Ethyne is used in making vinyl chloride which polymerises to the plastic poly vinyl chloride (PVC).
7. Ethyne polymerizes to produce synthetic fibres and artificial rubber.

AROMATIC HYDROCARBON
Aromatic are benzene and compounds that resemble benzene in chemical behaviour. They have the
general molecular formula CnH2n-6 where n is equal to or greater than 6.

BENZENE
Benzene is the parent substance of the aromatic compound obtained from the destructive distillation
of coal. The structure of benzene has been the subject of much controversy over the years. In 1865, a
German chemist, Angust Kekule, suggested the first reasonable and acceptable cyclic or ring structure
with alternate single and double C-C bonds. He called it benzene and it has a molecular formula of
C6H6.
Kekule's suggestion formed the basis of one of the current theories concerning the benzene molecule.
On this theory the different forms of benzene are referred to as resonance form.
Another Kekule's theory is that there are six valence electrons contributed by each carbon atom in
benzene which do not take part in bond formation. These six electrons are delocalized in the ring and
form a closed group. The closed group is not possible in aliphatic compounds but possible only in
aromatic compounds.
One of the most convenient and simplest ways of representing the benzene ring is to insert a circle
inside the hexagonal ring. This structure indicates that the double bonds are shifting all the time and
that the electrons involved in the double bonds are moving around the six carbon atoms in benzene.

Compounds having benzene ring in their structures are called aromatic compounds eg:

PHYSICAL PROPERTIES OF BENZENE
1. Benzene is a colorless volatile liquid with a sweet smell.
2. It has a boiling point of 80°C and freezing point of 5.5°C.
3. Benzene vapour is highly toxic and mildly carcinogenic.
4. It is a good solvent for many organic substances such as fat, resins, sulphur and iodine.
5. It is flamable and bonds with a smoky flame.
6. It is insoluble in water but soluble in ethoxy ethane (ether), ethanol and methylbenzene.

CHEMICAL PROPERTIES OF BENZENE
1. Substitution reaction: As a saturated hydrocarbon benzene undergoes substitution reaction with
ethene, chlorine, bromine, concentrated tetraoxosulphate VI acid and trioxonitrate V acid.

2. Addition reaction: In the presence of ultraviolet light (but without a catalyst present), hot benzene
will also undergo an addition reaction with chlorine or bromine. The ring delocalisation is permanently
broken and a chlorine or bromine atom adds on to each carbon atom.
a. Chlorination reaction: If you bubble chlorine gas through hot benzene exposed to UV light for an
hour, you get 1,2,3,4,5,6-hexachlorocyclohexane otherwise called benzene hexachloride.

b. Hydrogenation of benzene: At a temperature of 180°C using finely divided nickel catalyst, benzene
nucleus is destroyed and cyclohexane is formed:

c. Ozonization of benzene: Benzene undergoes ozonization to form benzene triozonide as follows:

USES OF BENZENE
1. Benzene is used as fuel.
2. It is used as organic solvent for fats and oil.
3. It is used as a starting material for phenol, styrene and nitrobenzene which are useful in the
manufacture of plastic, dyes, drugs and insecticides.

ALKANOLS
Alkanols are a group of compounds containing the hydroxyl (-OH) group. Formerly called alcohols, they
form a homologous series with general molecular formula of CnH2n+1OH where n is equal of greater
than 1. Alkanols are regarded has been derived from alkanes by substituting one or more hydrogen
atoms with hydroxyl groups. They are the hydroxy derivatives of the alkanes.
SOURCES OF ALKANOLS
The main sources are sugar, palm wine, starch such as cassava, rice and potatoes.
NOMENCLATURE OF ALKANOLS
In naming alkanols, the longest chain containing the hydroxyl group is chosen as the parent alkanol.
The suffix is -ol and the position of the side chain and the hydroxyl group are indicated by numbers,
the lowest number being given to the hydroxyl group. Examples are methanol (CH 3OH), ethanol
(CH3CH2OH).
CLASSIFICATIONS OF ALKANOLS BASED ON NUMBER OF HYDROXYL GROUP
Alkanols are generally classified based on the number of hydroxyl groups contained in a molecule of
alkanol. They are classified as follows:
i. Monohydric Alkanols: They contain one hydroxyl group (-OH) per molecule. Example are:

Ethanol

Propan-2-ol;

ii. Polyhydric Alkanols: These contains more than one hydroxyl group in the molecule. They includes:
a. Dihydric Alkanols: Contains two hydroxyl group in the molecule.
Example is ethane 1,2 diol

b. Polyhydric Alkanols: These contains more than two hydroxyl group in the molecule. Example is
propane 1,2,3 triol otherwise known as glycerol.

CLASSIFICATIONS OF ALKANOLS BASED ON THE NUMBER OF ALKYL GROUP
The number of alkyl groups directly attached to the carbon atom bearing the hydroxyl group is also
used for classification. They include:
a. Primary Alkanols: In this group, the carbon atom bearing the hydroxyl group is attached to only one
alkyl group and two hydrogen atoms. Here the functional group is -CH2OH. Example is ethanol.
b. Secondary Alkanols: Here, the carbon atom bearing the hydroxyl group is attached to two alkyl
groups and one hydrogen atom. In this case, the functional group is -CHOH. Examples are propan
2-ol and butan 2-ol
c. Tertiary Alkanols: In this group, the carbon atom bearing the hydroxyl group is attached to three
alkyl groups. The functional group in this case is -COH. Examples are 2 methyl propan-2-ol and 2
methyl butan-2-ol.

ETHANOL
Ethanol is the second member of the group and the most important. It is a primary alkanol and a very
important compound, because it has more uses than almost any other organic compound. It is
commonly called alcohol. It has a molecular formula C2H5OH.

LABORATORY PREPARATION OF ETHANOL
Ethanol can be prepared in the laboratory by;
i. Hydration of ethene: A mixture of ethene and steam with tetraoxosulphate VI acid as catalyst is
heated to a temperature of 600°C and a pressure of 80 atm gives ethanol.
CH2=CH2 + H2O -------> CH3CH2OH or C2H5OH
ii. Reducing ethanal with nascent hydrogen in the presence of platinum catalyst.
CH3CHO (aq) + H2(g) ---------> C2H5OH
iii. Hydrolysing iodoethane with an alkali
C2H5I + NaOH -------> C2H5OH + NaI
iv. Hydrolysing ethyl ethanoate (an ester) with a hot alkali.
CH3COOC2H5 + KOH ------> C2H5OH + CH3COOK.

INDUSTRIAL PREPARATION OF ETHANOL
i. By fermentation of starch: The slow decomposition of large molecules such as starch into smaller
molecules such as ethanol by microorganisms is called fermentation. The starch such as cassava,
potatoes and cereal is sliced and steam heat. This release starch from the cassava. Malt is then added
to the mixture and kept at a temperature of 50°C for one hour. The enzyme diastase from malt converts
starch to maltose. Starch has the empirical formula (C6H10O5)n.
C6H10O5 + C6H10O5 + H2O ------> C12H22O11(aq)
Yeast is then added at room temperature. the enzyme maltase from used converts maltose to glucose.
C12H22O11 + H2O ------> 2C6H12O6(aq).

Another enzyme zymase also from yeast converts glucose to ethanol and carbon IV oxide.
C6H12O6(aq) -------> 2C2H5OH + 2CO2
Carbon IV oxide appears as bubbles in the mixture. The ethanol gotten in the liquid is about 18% but
when fractionally distilled, an ethanol of about 95% purity is obtained.

ii. The brewing process: Brewing is the process employed in the production of alcoholic beverages.
Barley is partially germinated to produce malt, which is employed in the fermentation. Beer is
essentially a dilute solution of ethyl alcohol and carbohydrate in water. Beer can be made by
fermenting sugar from malt and adding dried flower of the hop plant to produce the characteristic
flavour. If the sugar comes from grape juice, the product is wine. Most beer and wine contains 5-15%
ethanol. Distillation of wine produces Brandy, while distillation of fermented grain produces whisky.

LOCAL PREPARATION OF ETHANOL
This is done using palm wine. The palm wine is allowed to stand and ferment for a few days. It is then
distilled to give the local gin usually called ogogoro.

PHYSICAL PROPERTIES OF ETHANOL
1. Ethanol is a volatile liquid with a characteristic smell and a burning taste.
2. It has a boiling point of 78°C.
3. It is readily soluble in water in all proportions.
4. It is neutral to litmus paper.

CHEMICAL PROPERTIES OF ETHANOL
1. Combustion: Ethanol burns in air or oxygen with a pale blue flame yielding water and carbon IV
oxide.
C2H5OH(aq) + 3O2(g) ------> 3H2O(l) + 2CO2(g).

2. Reaction with sodium and potassium: Ethanol reacts with sodium at room temperature, to produce
Sodium ethoxide and hydrogen.
2C2H5OH(aq) + 2Na(s) -------> 2C2H5ONa(aq) + H2(g)
On evaporation, the solution (a white deliquescent solid known as sodium ethoxide) is left behind.
Sodium ethoxide is rapidly hydrolysed by cold water, to give an alkaline solution.
C2H5ONa(s) + H2O (l) -------> C2H5OH (aq) + NaOH(aq).
Metallic potassium gives similar reaction with ethanol.
3. Reaction with the chlorides of phosphorus: Ethanol react with phosphorus V chloride at room
temperature to give a vigorous reaction and liberate steamy fumes of hydrogen chloride and
chloroethane.
C2H5OH(aq) + PCl5(l) -------> C2H5Cl(g) + POCl3(l) + HCl(g).
Phosphorus III chloride gives a similar but less vigorous reaction.
4. Oxidation reaction: Ethanol under favourable condition is readily oxidized to ethanal by warming
with potassium heptaoxodichromate VI solution which has been acidified with dilute
tetraoxosulphate VI acid.
C2H5OH + [O] --------> CH3CHO (aq) + H2O.
CH3CHO + [O] --------> CH3COOH (ethanoic acid).
This oxidation of ethanol can also be brought by using any other powerful oxidizing agent such as
acidified potassium tetraoxomanganate VII KMnO4. The ethanal will turn the purple colour of
KMnO4 to colourless.
2KMnO4 + 3H2SO4 + 5CH3CH2OH --------> 5CH3CHO + K2SO4 + 2MnSO4 + 8H2O
Oxidation reaction can be used to distinguish between the three classes of alkanols because the
primary, secondary, and tertiary alkanols react differently with oxidizing agent.
i. Primary alkanols first produce alkanals which are subsequently converted to carboxylic acids.
ii. Secondary alkanols are oxidized to alkanones which are resistant to oxidation and cannot be
oxidized further.
iii. Tertiary alkanols do not undergo oxidation when treated with acidified potassium
heptaoxodichromate VI solution. Thus, whereas both primary and secondary alkanols will
slowly turn the orange colour of potassium heptaoxodichromate VI solution to green, tertiary
alkanols will not change the colour.

5. Ethanol is dehydrated to ethene when it is heated with concentrated tetraoxosulphate VI acid at
about 180°C.
C2H5OH (aq) + H2SO4 (aq) --------> C2H5HSO4 (aq) + H2O(l)
C2H5HSO4(aq) ---------> C2H4(g) + H2SO4(aq)
6. Ester (Alkanoate) formation: Ethanol reacts with ethanoic acid on heating to produce ethyl
ethanoate (an ester)
C2H5OH(aq) + CH3COOH(aq) ---------> CH3COOC2H5(l) + H2O(l)
Alkanol + Alkanoic acid ---------> Ester + water

SIMILARITIES BETWEEN ETHANOL AND WATER
1. Both ethanol and water are liquids at room temperature.
2. They are both amphoteric in nature.
3. The oxygen atom in both ethanol and water contains two lone pairs of electrons.
4. Their lone pairs of electrons are used for hydrogen bonding.
5. Because of the hydrogen bonding both the molecules of ethanol and water associated together
leading to high boiling point, high melting point and water solubility.

USES OF ETHANOL
1. Ethanol is a useful solvent for the production of perfumes, vanishes, soaps, paints, dyes, drugs and
flavouring extracts.
2. It is an essential ingredient in alcoholic drinks eg wine, beer, whisky, gin etc.
3. It is a starting material used in the manufacture of many important compounds eg ethanal,
ethanoic acid, ethyl ester and ethoxyethane.
4. Ethanol or a blend of ethanol and petrol is used in fuelling in motor cars.
5. Ethanol has a low freezing point of -117°C, and because of the low freezing point, it is used as antifreeze in radiators.
6. It is used as a solvent for the preservation of biological specimens.
7. It is used as an antiseptic in surgical spirit for hardening skin and in treatment of pimples.
8. It is used in ship compasses, spirit levels and in thermometers designed to measure low
temperatures.

ALKANOIC ACID
Alkanoic acids form a homologous series with the general molecular formula CnH2n+1COOH. They
contain the carboxyl group -COOH as their functional group. The IUPAC name of each homologue is
obtained by replacing the -e ending of the corresponding alkane with -oic acid.
CLASSIFICATION OF ALIPHATIC ALKANOIC ACID BY THE NUMBER OF CARBOXYL GROUP
Aliphatic alkanoic acids are classified according to the number of carboxyl group present per molecule.
The most common of these are:
i. Monocarboxylic Acids: These contain one carboxyl group per molecule. Examples are shown below:

ii. Dicarboxylic Acids: These have two carboxyl groups per molecule. Examples are given below:

iii. Tricarboxylic Acids: They have three carboxyl groups per molecule. Example is the 2 hydroxy
propane 1, 2, 3 tricarboxylic acid otherwise known as citric acid.
The two important aromatic carboxylic acids are benzoic acid and 2 hydroxybenzoic acid otherwise
known as salicylic acid.

ETHANOIC ACID
Ethanoic acid is present in vinegar. It has the molecular formula CH3COOH with the structure

LABORATORY PREPARATION OF ETHANOIC ACID
Ethanoic acid is prepared in the laboratory by the complete oxidation of ethanol with potassium
heptaoxodichromate VI solution acidified with dilute tetraoxosulphate VI acid. The mixture is heated
and oxidation occurs in two stages: Conversion to ethanal in the first stage and then to ethanoic acid
in the second stage.
CH3CH2OH(aq) + [O] ------> CH3CHO(aq) + H2O(l)
CH3CHO + [O] --------> CH3COOH(aq) + H2O(g)
To ensure complete oxidation of ethanoic acid, the ethanol is brought into a large excess of the
oxidizing agent and distilled under reflux so that the reactants are brought into very close and
prolonged contact.

INDUSTRIAL PREPARATION OF ETHANOIC ACID
Ethanoic acid is prepared industrially from ethyne (C2H2). The ethyne is passed into dilute
tetraoxosulphate VI acid at a temperature of about 96 oC. Mercury II tetraoxosulphate VI is used as a
catalyst. The reaction will first form an alkanal (ethanal) which will in turn form ethanoic acid.

PHYSICAL PROPERTIES OF ETHANOIC ACID
1. Ethanoic acid is a colourless liquid, with a characteristic sharp, pungent smell.
2. It has a melting point of 16.6°C and a boiling point of 118°C.
3. It is readily soluble in water.
4. It turns blue litmus paper red showing that it is an acid.
5. The pure anhydrous ethanoic acid is called glacial ethanoic acid because it freezes into ice like
crystals at temperatures below 17°C.
CHEMICAL PROPERTIES OF ETHANOIC ACID
1. Reaction as an acid:
a. Ethanoic acid is a weak acid. In dilute solutions the ionized slightly.

Consequently, the solution turns blue litmus paper red and forms salt with base. Thus, ethanoic acid
forms sodium ethanoate with sodium hydroxide solution.

This is a neutralization reaction.

Ethanoic acid also liberate carbon IV oxide from trioxocarbonates and hydrogen trioxocarbonates as
in the reaction above.
2. Formation of acylchloride: Anhydrous ethanoic acid reacts with phosphorus V chloride in the cold
to form ethanonyl chloride, CH3COCl, a colourless liquid which fumes in air. Sulphur dichloride and
phosphorus trichloride reacts in the same way.

3. Reaction with ammonium hydroxide: Ethanoic acid reacts with ammonium hydroxide to give
ammonium ethanoate. The ethanoic acid is first converted into an ammonium salt which produces
an amide on heating. The dehydration of the ammonium salt produces ethanamide.

4. Reaction with ethanol: When ethanoic acid react with ethanol, esters are formed. Ethanoic acid
reacts with ethanol to produce ethyl ethanoate.

USES OF ETHANOIC ACID
1. Ethanoic acid is used in making cellulose ethanoate which is used for packing in varnishes, in the
filter tips of cigarettes, as well as manufacture of synthetic fibres like rayon and artificial silk.
2. It is used as important organic acids which can be used for the preparation of many other organic
compounds like ester.
3. It is used in making compounds like ethyl ethanoate which is used in vinyl resins, an ethanoic
anhydride which is used in aspirin.
4. It is used in making propanone and dyes.
5. It is used as an important organic solvent used in food industry as vinegar for preserving and
flavouring food.
6. It is also used in coagulating rubber latex.

BIOLOGY
(Complete note already given in volume one)

GOVERNMENT
NIGERIA FEDERALISM
Origin of Nigerian Federalism
Nigerian federalism can be traced from back to 1914 when the northern and southern protectorates
were amalgamated though with unitary form of administration. Since then, government headed by
the Governor-General and the government of northern and southern protectorates headed by
lieutenant-Governors. The further division of the country into three regions in 1946 by the governor
of Nigeria. Sir Arthur Richards under the Richard constitutional arrangements gave more support to
the emergence of Nigeria with a federal system.
Then 1954 Lyttleton constitution removed the final states of unitary state from Nigeria by establishing
a true federal system state. The constitution took effect from October 1, 1954 and shared powers
between the central and the regional governments. The constitution went further to recognize the
judiciary in order to be in line with the federal structure of the country.
In anticipation of the constitutional conflicts that might arise between the central and regional
governments in the implementation of the system of government, a supreme court was established to
handle such conflicts. Except in 1966, when Aguiyi Ironsi’s administration attempted to revert Nigeria
to a unitary state which has been in Nigeria with minor modification.
MAIN FEATURES OF NIGERIA FRDERALISM
1. Constitutional division of power: powers are constitutionally shared between the central authority
and other component units e.g. region, state and local government.
2. Written and rigid: the constitution adopted was written and rigid.
3. Powers derived from the constitution: the three tiers of governments derived their powers from
the constitution.
4. Supremacy of the constitution: there was supremacy of the constitution.
5. Separation of powers: the constitution separated functions and personnel among the three organs
of government; executives, legislature and the judiciary.
6. Bi-cameral legislature: there was bi-cameral legislature e.g. Senate and House of Representatives.
7. Supreme Court: it had the power of judicial review and interpretation of cases.
8. Duplication of functions: functions were highly duplicated in every department.
9. Unequal region: regions were created in an unequal basis.
10. Secession: this is not allowed in federal system.

FACTORS NECESSARY FOR NIGERIAN FEDERALISM
a. The fear of one ethnic group dominating others necessitated the establishment of federalism in
Nigerian.
b. Differences in culture, religion, language, customs, traditions, etc. among ethnic groups.
c. To protect the interest of the minority.
d. The large population and the wide geographical areas of Nigeria.
e. To ensure rapid and even development of all parts of the Nigeria.
f. To bring government nearer to the people of Nigeria.
g. To expand the local markets.
h. To bring about division of powers in other to reduce the burden involved and make the art of
governance less energy sapping, time saving, less fatiguing and make government more effective.
i.

To create more employment opportunities through divisions of powers and duplication of ministers
office.

j.

In order to form common and stronger government to secure the sovereignty of Nigeria.

k. In order to preserve the local independence of autonomy of every ethnic group in Nigeria.

MAJOR CONSTITUTIONAL CONFERENCE THAT LED TO THE EXTERBLISHMENT OF FEDERALISIM IN
NIGERIA
It was the Lyttleton constitution of 1954 that finally entrenched the features of federal system of
government in Nigeria and the two constitutional conferences that led the promulgation of the
constitution were:
1. The London constitutional conference of 1953 and
2. Lagos conference of 1954.
THE LONDON CONSTITUTIONAL CONFERENCE OF 1953
The need for a new constitution arose as a result of the defects of Macpherson constitution. Some of
which the constitution rested too much veto and reserved powers on the governors. It limited the
powers of the regions in making laws and also the laws made by them have to be approved first before
they could be allowed to operate etc.
The Secretary of state for colonies, Oliver Lyttleton confirmed the change of Macpherson constitution
after it had broken down. When he announced on May 21, 1953 on the floor of the British House of
Commons that her majesty’s government had decided that the Nigerian constitution would have to be
redrawn so as to provide greater regional autonomy and for removal of powers of intervention by the
centre. Nigerian leaders were invited by the secretary to London to review the constitution. The team
were made up of 19 delegates which comprised of six representatives from each region.

REVENUE ALLOCATION FORMULA IN NIGERIA
In an effort to find an acceptable formula for sharing of revenue in Nigeria as many as 1988. The
revenue allocation commissions appointed in Nigeria to recommend acceptable formula so far
include:
1. The Philipson’s commission (1946): this commission recommended derivation and even
development as the main principles for revenue allocation.
2. The Hick’s Philipson’s commission (1951): this commission recommended that revenue in Nigeria
should be allocated based on principle of derivation, need and national interest.
3. The Chick’s commission (1951): Derivation and Fiscal Autonomy were the principles recommended
for the sharing of revenue in Nigeria.
4. The Raisman’s commission (1953): this commission which was recommended for the creation of
Distribution Pool Account (DPA) with fixed regional proportional shares favoured the principles of
derivation, fiscal autonomy, population and even development for revenue sharing. It allocated
40% to the North, the East 31%, the West 24% and Southern Cameroun 5%.
5. The Binn’s commission (1964): this commission adopted the Raisman’s principles but altered the
shares of the regions in the following orders. The North 42%, East 30%, West 20%, and mid –West
8%.
6. The Dinas’s commission (1968): the report of this commission which was rejected by the
government recommended derivations, need and balanced development tax effort.
7. The Aboyade Technical committee (1977): the report of this committee which was rejected on the
ground of being too technical recommended the principle of equality of access to development
opportunities (25%), absorptive capacity (20%), independent revenue effort (18%) and fiscal
efficiency (25%). The commission allocated 37% to state government, 10% to local government and
30% to special funds.
8. The Okigbo’s commission (1980): this commission known as the presidential commission headed
by economics guru, Dr Pius Okigbo recommended the principles of equity (40%), population (40%),
social development (15%) and internal revenue effort (50%). The commission allocated 50% of the
federal revenue to the federal government, 30% to states, 100% to local government and 10% to
special funds. There was also the 1782 formula embodied in an Act ‘’Allocation of revenue (federal
account etc) 1981’’, which gave the federal government 55%, the state 30% and the local
government 10%.
9. The Danjuma’s commission: The commission christened the National Revenue Allocation
Mobilisation and fiscal commission headed by General Theophilous Yakubu Danjuma (rtd) gave 15%
to local government and 5% set aside as special funds. So far, the general principles on which the
revenue allocation in Nigeria have been based on even or balanced development, equality or
minimum responsibility of the government (equality) national interest, population, derivation,
need, absorptive capacity, independent revenue, minimum tax effort, fiscal efficiency, social
development factor etc.

PRINCIPLES CONSIDERED / CONFLICT OVER REVENUE ALLOCATION FORMULA
1. Derivation: this principles states that a major portion of resources should be allocated to a
particular area of the country from where they were collected.
2. Population: this principles calls for allocation of revenue according to population in such a manner
that areas with high population should get high revenue.
3. Uniform development: even development of the country is the main concern of this principle and
therefore calls for allocation of more resources to under-developed areas.
4. Needs: the principle of need implies that distribution of revenue should be based on the
development needs of an area.
5. National Interest: the principle suggests that the interest of the nation should be the guiding
principle in revenue allocation.
6. Equality of Units: this principle advocates equal allocation of revenue to all states irrespective of
their sizes, population, needs, level of development etc.
7. Minimum National Standard: this principles implies that revenue should be allocated to all
components states so that they maintain a minimum standard in performance of certain functions
such as education and health.
8. Miscellaneous: other principles considered in allocation of revenue in Nigeria includes fiscal
autonomy, fiscal efficiency, access to development opportunities, absorptive capacity, balanced
development tax effort, social development, internal revenue effort, etc.
RECOMMENDATION OF WILLINKS COMMISION
The commission in its recommendation to the 1958 Lagos constitutional conference agreed that
some of the fear expressed by the minorities were genuine, but he did not believe that creating a
new regions has the most effective means of adding such fears. Instead it recommended the
following:
1. Bill of right to protect the fundamental human right of the minorities to be entrenched in the
constitution.
2. No alteration or adjustment should be made in the boundary between the northern region and the
western region. Any such change should be approved by a plebiscite.
3. The maintainance of a single federal police force as the best guarantee of minority rights
4. Non-Muslims in the north region, not willing to be tried under the sharia law, have the option to be
tried in a non-Muslims court.
5. Special minority commission to be jointly run by federal and regional government and that any party
system that is adopted in Nigeria should take cognizance of the minority.
6. Problems cannot be solved by creation of more new regions.
7. Special development boards to Niger Delta areas.
8. Majority parties should have to win the supports of the minorities.

PROBLEMS OF NIGERIA FEDERALISIM
1. Revenue allocation: one of the problems of Nigeria federalism is the issue of revenue allocation.
Revenue allocation refers to the sharing of revenue and other resources generated in the country
among the federal system and the state governments. Nigeria’s federal system of government
consists of three tiers of government: federal, state, and local governments. The revenue and
resources generated in the country and shared among those tiers of government according to their
constitutional responsibilities. The internal autonomy granted to the regions under the sharing of
constitutional responsibilities.
2. Lack of prompt decision making and implementation: decision are rather slow in making and those
taken at the federal level tends to be delayed for implementation by components unit sometimes
due to lack of proper co-ordination.
3. Federal character: appointment into federal establishment in a country, states and local
government are not always based on merits because the issue of the federal character has to be
addressed. This may not go down well with many ethnic or interest groups in the federation.
4. Operations of governments is expensive and cumbersome due to duplications of institutions: the
institution of the governments are duplicated at all governmental levels that is most institution at
federal level also exist at the states thereby requesting for huge amount of money for their
effectiveness.
5. Boundary disputes among the component units: the components states of Nigeria clashed and
fought over respective boundary areas. When the new state are created from an existing old state,
the Lutheran brothers and good neighbour could have confront themselves as if they belong to
separate countries. Such clashes and confrontation had led to the death of many innocent citizens
for examples the boundary disputes between Oyo and Osun state, Nasarawa and Plateau state
among others.
6. Issue of secession: the inter-ethnic rivalry in Nigeria contributed a lot in delaying the independence
of the country which should have taken place in 1956. This rivalry, especially based on when the
country should be granted the state of an independent nations led to the release of eight point
programme in the Northern regional legislature house which if it has been implemented, could have
led to the secession of the north. The proposal of separate Lagos of western region which the Egbe
Omo Osuduwa rejected in the October, 1954 meeting almost make the Yoruba’s to secede. The
secession threat that was carried out was that of the Igbos and that led to the 30 months of civil
war that threatened the corporate existence of Nigeria.
7. Inter-ethnic rivalry: Nigeria is made up of many ethnic and religious group and multi-ethnic nature
of Nigeria gave to the introduction of the federalism in the country since the inception of Nigeria,
there has been rivalry among the different groups especially the major ethnic group Hausa /
Fulani’s, Igbo and Yoruba.
The major issue that belongs/bring about this rivalry is the question of leadership of the country.
None of the major ethnic groups want to concede the leadership of the country to the other
because they are aware of the political powers involved. The creation of most states in this country
has not in any way reduced the intensity of the inter-ethnic rivalry.

THE 1999 NIGERIAN CONSTITUTION
The constitution represents the final draft of the constitution Debate Coordinating Committee
inaugurated by General Abdulsalami Abubakar’s regime in 1998, the constitution which
commenced operation from May 5,1999 was empowered by degree no.24 of 1999.
The constitution retains a federal structure with a presidential system of government.one major
but interesting issue about the 1999 constitution is that a substantial provisions of 1979 constitution
of the Federal Republic of Nigeria are retained with some few amendments. In other words, it has
the same features with regards to general provisions, power is of the Federal Republic of the Nigeria
(legislative, executive and judicial powers, etc) as contain in 1979 constitution.
Just as it was the 1979 constitution, the 1999 constitution is based on the use of quota system or
the principle of federal characters. In section 14, sub section 13, it states “the composition of the
government of the federation or any of its agencies and the conduct of the affairs shall be carried
out in such a manner as to reflect the federal character of Nigeria and the need to promote national
unity and also to common national loyalty thereby ensuring that there shall be no predominance of
persons from a few states or from a few ethnic or other sectional groups in that government or in
any of its agencies’’.
AMMENDMENTS: some of the few significant aspects that came under amendment are found in
section 1, sub section (a) and (b) of 1999 constitution. The subsection simply explain the power of
the Independent National Electoral Commission (INEC).
a. To divide each state of the federation into three senatorial districts for the purpose of election to
the House of Representatives whereas, the 1979 constitution recommended division of each state
into (5) senatorial districts.
b. Subject to the provision of section 49 of the 1999 constitution, divide the federation into three
hundred and sixty (360) federal constituencies for purpose of election to the house of
representatives whereas, the 1979 constitution recommended division into (450) federal
constituencies.
Another aspect of new development in the 1999 constitution is the issue on environment section
20 provides the need to protect and improve on the environment.
FEATURES OF THE 1999 CONSTITUTION
1. Qualification age for the office of president is 40 years and governor is 35 years.
2. Qualification age for the office the Senate is 35 years and House of Representative is 30 years.
The federal legislative body is called the National Assembly.
3. The official voting age is 18 years.
4. Bicameral legislature made up of 109 Senators and 360 House of Representative members.
5. The President is the chief executive and commander in chief of the Armed Forces.
6. State religion was prohibited.
7. There is separation of Executive, Legislative, and Judicial powers.
8. There are 36 States and 774 local government.
9. The President appoints ministers with Senate approval.
10. The Governor is the chief executive of states.

MERITS OF 1999 CONSTITUTION
a. There is separation of power.
b. The President can appoint any competent person as a minister.
c. There is bicameral legislature at the federal level.
d. The president performs the function Head of State and Head of Government, therefore power
conflict obtains in a parliamentary system is avoided.
e. The constitution is supreme.
f. The President Governors are responsible to the people who directly elect them.
g. Multi-party democracy is recognized.
h. Each minister is responsible for his action.

DEMERITS OF 1999 CONSTITUTION
a. Immunity clause of section 308 encourages corrupt practices by Governors, President, Deputy
Governor and Vice President.
b. Impeachment is used as a weapon to intimidate the Executive.
c. The president has too much power and may be authoritarian.
d. There is conflict of power between the Senate and the House of Representatives.
e. The Independent Electoral Commission is under the control of the president; therefore, it is not
truly independent.
f. The Federal Government exercises too much power over the states.
g. The local Government lack financial autonomy.
h. There is lack of fiscal federalism.

AGRICULTURAL SCIENCE
BASIC ECONOMIC PRINCIPLES
1.
2.
3.
4.

Scarcity – Demand and supply
Choice
Scale of preference
Law of diminishing returns

Definition of demand
Demand is defined as a quantity of a commodity which consumers are willing and able to buy at a given
price at a time. The higher the price, the lower the demand.
Schedule of demand curve.
Here is a demand schedule for some quantity of meat demanded at various prices.
Table 1: Hypothetical demand schedule
Price in Naira N Quantity
500
100
250
200
125
300
125
300
100
450
At the price of N500.00, the smallest quantity of 100 grammes of meat as demanded. When price falls
down to N100.00, 450 grammes of meat which is the largest quantity was demanded. So the lesser
the price, the more the quantity of meat demanded.

Supply
It is the quantity of goods which producers are able and willing to offer for sale at given prices over a
period of time. The higher the price, the greater the quantity that is willing to put into the market.
This law of supply shows that the quantity supplied is directly proportional to the price. This
relationship between price and supply is explain in the supply schedule below.
Price in Naira N
500
250
125
125
100

Quantity demand in
grammes
450
300
300
200
100

From the table, the farer was only willing to put 450 grammes into the market at the price of N500.00
which is the highest price in the schedule. At the lowest price of N100.00, 100 grammes of meat were
supplied.

Law of diminishing returns
The law of diminishing returns states that if the inputs of one factor are increasing, while the use of
other factors is held constant, then the marginal factors returns per unit of variable factors will
eventually decline. In other words, if successive units of inputs (labour and capitals) are applied to a
piece of land, a stage will reach when further application of these productive factors will lead to a
decrease yield. Example, fertilizer can be added to land to increase output but as the fertilizer is
repeatedly added, output increase up to a certain point. At that point, further addition of the fertilizer
will result to decline in marginal returns.
Table 3 of law of diminishing returns
Plot No
Unit of Fertilizer
Total yield of yams
1
0
1
2
20
25
3
30
50
4
40
65
5
50
70
6
60
75

Yams increase in return
15
20
25
12
8
4

Law of demand
The law of demand states that the higher the price, the lower the quantity of goods that will be
demanded by the consumers and vice versa.

Factors affecting
1.
2.
3.
4.
5.
6.

Price – the higher the price, the lower the quantity that would be demanded.
The price of other commodities – this applies to commodities that have close substitute.
Income of the consumers – the higher the income, the higher the quantity that would be demanded.
Population – increase in population will lead to high demand for commodities and vice versa.
Periods of festivals.
Taxation.

Law of supply
This states that the higher the price, the higher the quantity of produce that will be supplied.

Factors affecting supply
1.
2.
3.
4.
5.

The price of commodity.
Changes in cost of other goods.
Changes in cost of production.
Changes in climate and weather.
Prices of factors of production.

Implications of demand and supply on agricultural production
1. The farmer will be discouraged for further production when the demand is lower than supply.
2. High cost of production may lead to low supply and high prices of products.
3. Increase in the income of consumers may lead to increase in the demand of agricultural products.
4. Supply of farm produce will be high when climate is favourable.
5. An increase in the number of farmers will lead to higher supply and reduction in price of food.

Factors of production
These are land, capital, labour, management or entrepreneur.
Land
It is an area of soil where crops are grown, construct farm stead and livestock produced. It is fixed in
nature and a free gift of nature. It is immobile and subjected to law of diminishing returns.
Capital
It refers to assets accumulated over a length of time. It can be in form of machinery, fertilizer, security
and money. It is man-made and it can depreciate or appreciate. There are two types of capital:
1. Fixed capital – It comprises of farmer’s property used in production which have long life span.
Examples are houses, plant, machinery etc. They depreciate and should be replaced when needed.
2. Current/variable working capital – This comprises of goods as can be used up in the production
process and replace when required e.g. raw materials like fertilizers, seeds, growing crops and
livestock, cash at hand or in bank, harvested crops.
Labour
This refers to human effort used in production. It is mobile and has feelings. Ownership and use of
labour cannot be separated. It is hired and can be measured in man hours.
Types of labour
1. Skilled labour – This is supplied by a person who has acquired skills by training for performing an
operation efficiently e.g. agricultural engineers, soil scientist, food technologist etc.
2. Semi-skilled labour – This is supplied by one who is not actually a professional but has acquired
rudimentary skill to perform an operation e.g. tractor operators, millers and so on.
3. Unskilled labour – This is supplied by a person who lacks rudimentary skill to perform any operation
and based on instructions given by either skilled or semi-skilled workers. Examples are labourers,
welders, cleaners etc.

Entrepreneurship or management
This involves integrating land capital, labour in adequate quantity to create goods and services. It is
the ability to set expected results from a combination of the other factors of production. So the action
of an entrepreneur is very important in assembling and combining the factors of production for
production to occur.

Reward for factors of production
1. Land – Rent.
2. Capital – Interest.
3. Labour – Wage / Salary.
4. Entrepreneurship – Profit.

Functions of a farm manager
1.
2.
3.
4.
5.
6.
7.

He/she makes all decisions about operations and production.
Supervises labour in the farm.
Supervises all farm operations and activities.
He plans for the future of the business.
Carries out the decision made.
He prepares farm budget for the year.
Keep inventory of farm equipment, building are all other vital materials

Definition of a farm manager
A farm manager: a farm manager is an entrepreneur whose duties includes organizing, administration,
production and marketing of produce from the farm.

Functions of a farm manager
1. Organization: planning and decision making.
i. He needs to secure suitable land if not already acquired before his employment.
ii. Decides what to produce.
iii. He determines the scale of production.
iv. Determines means to provide credit or capital.
v. He decides system of production and employs labourer/workers.
2. Administration: He is responsible for supervising workers as well as farm activities, directs staff on
farm operations. He provides work roster and leaves roaster for the workers to ensure smooth farm
operation. The farm manager rewards and disciplines staff based on their performance as well as
making arrangement for staff welfare.

PRODUCTION
i. He is responsible for the purchase and use of farm inputs.
ii. He ensures that adequate housing and stocking density or general husbandry practices are
employed.
iii. He ensures good health of crops and animals in the farm.
iv. He also makes arrangement for general and strong security of farm produce.

Marketing
i. The farm manager determines what to sell, price.
ii. He decides the method of sale and the marking channel.
iii. He determines when to sell for maximum profit.
iv. He is also responsible for farm gate processing i.e. cleaning and grading.

Evaluation
i. The farm manager keeps, general farm records concerning production marketing, staff enrolment
and general administrative records.
ii. He supervises account and book keeping of operations on the farm.
iii. He sees to the development of new strategies for further improvement of farm activities.
iv. He also carries out assessment of staff conditions.

Problems faced by a farm manager
1. In adequate information – he is faced with lack of enough information about certain things that
would aid his farm to be progressing very well.
2. Social problems – the farm manager may be handicapped by some environment that influence his
management performance like health problems etc.
3. Input – he may be faced with problems of acquiring enough resources necessary for farming due to
financial handicap.
4. Administration – he may be faced with a problem of proper combination of his factors of production
and their management to yield a good dividends.
5. Financial problems – he may not have enough capital. There may be no loans and produce may be
sold at low price which do not provide more income to re-invest in the business.
6. Inadequate personnel – sometimes it may be too expansive to get a right management team to
work on the farm.
7. Government polices - bad government polices like importation of food which is also produced by
the farm manager may lead to losses, discouragement and folding up of the business.
8. Transportation problems – there may be no vehicle to deliver farm inputs and to convey farm
produce to markets.

CHRISTIAN RELIGIOUS STUDIES
HOW DANIEL WAS DELIVERED FROM LION’S DEN (DAN 6:1-28)
The great empire of Babylon was eventually defeated by Medes and Persia. Darius was the king of the
Medes and Persia. During his era, he divided his empires into a hundred and twenty provinces, and
each was ruled by a Governor.
He also appointed three presidents to whom the governors laid their reports. Daniel, a Jewish exile in
Babylon was also appointed as president. Darius loved Daniel very much because of his loyalty and
decided to honour him. His fellow officers planned to fail this but fellow finding no reasons for
complaint, they decided to try him in his faith. They came by agreement to prevail on the king to issue
a decree that none should petition any other god or man for thirty days except the king and whoever
disobeyed would be cast into the lion’s den. They demanded that the law be unchangeable according
to the law of the Medes and the Persians. The king agreed and signed the document. But Daniel aware
of this, went into his house and defiantly prayed to his God three times daily as usual. They reported
him to the king. The king was reluctant to act and wanted to save Daniel. When they noticed the king’s
reluctance, they reminded him of the laws which were unchangeable. Then the king ordered that
Daniel be cast into the lion’s den but wished that he was delivered by his God. He went into his house
and fasted for Daniel and did not sleep the whole night. At day break, he ran to the den, called Daniel
and he answered from the den stating that God sent his angels to shut the mouths of the lions and he
is safe. Darius was glad. He ordered that Daniel be released and his accusers cast into the lion’s den
with their families. Darius then issued a decree that only Daniel’s God should be worshiped in his royal
dominion.

The effect of Daniel’s faith

1. Daniel’s faith brought change in the land of Babylon, his faith made the king to make a decree that
only the God of Daniel should be worshipped.
2. His accusers were fed to the lions.
3. The lions did not hurt / devour him.
4. It makes them to know that one with God is majority.
5. He was released.

Qualities of Daniel
1. Daniel had an excellent spirit.
2. He was courageous and fearless.
3. He was a man of honour and great reputation.
4. He had respect for God and the governing authorities.
5. He was a devoted child of God even at the face of opposition/tribulation.

SOCIAL JUSTICE AND TRUE RELIGION
The social life of Israel during the time of Amos
There was general oppression of the poor by the rich/wealthy. The rich/wealthy sold the righteous for
silver and the needy for a pair of shoes. The poor have no fair trial in the courts and the level of
prostitution was so high that a man and his father could go into the same woman. At the altar, the
rich men sat in clothes given as pledge to them by their poor debtors and they also drank at the altars,
wine of those who had been fined. Their women fed fat on the proceeds of their husband’s oppression
of the poor and drank wines from bowls. Amos referred to these people as houses and lived in great
luxury with proceeds derived from their cheating of the poor. In the markets, the rich used false weight
and measures. In spite of various forms of punishment such as famine, drought, blight and mildew,
locust infestation and all the curses of Egypt, slaughter of their young men in battles, depopulation
etc., they still persisted in evil and refused to listen to the voice of God but desired the “Day of the
Lord”. Amos warned them and said they should be prepared for total down that would come from
God’s wrath.

Amos vision of basket of ripe fruit (Amos 8:1-10)
1. God showed Amos a basket of ripe fruit which represents harvest time ripe fruit quickly deteriorates.
2. The Lord told Amos that the end has come and that Israel would no longer be spared. So, Israel was
ripe for punishment.
3. The songs of the temple would turn to wailings.
4. There would be many dead bodies in every place.
5. The evil deeds of the people would never be forgotten.
6. For instance, those who took advantage of the needy, those who cheated even during the Sabbath.
7. The Lord would make the sun go down at noon, and darken the earth in broad day light.
8. Their feasts would be turned into mourning, and the songs into lamentation.
9. The Lord would bring sackcloth upon lions, and baldness on every on every head.
10. God would send famine on the land. Virgins and young men would faint for thirst.
11. The word of God would be ripe in those days.
12. The young men and women would become weary and faint in their search for the word of God.
13. Judgment would come on them because they have sinned against God by trampling on the poor
and the needy.

Practices condemned by Amos
1.
2.
3.
4.
5.
6.
7.
8.
9.

Lip – Services to religious/empty religion
Observation of Holy days i.e. Sabbath New moon festivals/godless shrines.
False swearing.
The wealthy selling the poor for a pair of sandals or shoes/oppression of the poor by the father and
son.
Prostitution – father and son going in for the same woman.
The use of false weights and measures by the rich cheating in business.
Women feeding fat on the proceeds of their husband’s oppression of the poor.
Corrupt courts of law / the poor had no fair trial in the courts.
Luxury of the rich at the expense of the poor.

Recommendation
Amos recommended to the people Israel to stop oppressing the poor “that justice should roll down
like waters and righteousness like an ever flowing stream”.

Amos encounter with Amaziah, the priest at Bethel
1. Amos was a shepherd and also a dresser of sycamore trees, while Amaziah was a priest at Bethel,
the centre of Israel’s apostate religion.
2. Amos denounced the social and religious malpractices of the Israelites of his day.
i. He also preached at the king’s sanctuary that Jerobaom 11 would die by the sword.
ii. This statement infuriated Amaziah the priest in charge of the temple at Bethel.
iii. Amaziah reported Amos to the king, accusing him of treason.
iv. Since the temple belonged to the king and not God, Amos was forbidden to speak against the
king there.
v. Amaziah commanded Amos to return to Judah to prophesy and earn his living there.
vi. He called Amos a “seer”, a prophet that was consulted for the discovery of lost articles for a fee.
vii. Amos denied being a paid prophet to the service of the king nor was he a member of the
professional prophets.
viii. He said no one had engaged him to pronounce judgment on Jeroboam and Israel.
ix. He was only a herdsmen and a dresser of sycamore trees, and the Lord took him from following
the flock in order to prophesy to Israel.
x. According to Amos, no authority could stop him from delivering his messages.
xi. Amos then curse Amaziah for trying to turn him away from God’s command.
xii. Amos indicated that Amaziah’s wife would be a prostitute in the city.
xiii. His sons and daughters would be killed by the sword.
xiv. His land would be divided by line.
xv. Israel would surely go into exile, away from its land, finally
xvi. Amaziah would die in a foreign land.

Practices in our society that need to be condemned.
1. Sexual immorality.
2. Fake/superficial worship and sacrifice, occultism/ancestral practices.
3. Commercial preachers in vehicles and churches/market places.
4. Widowhood rites.
5. Display wealth during harvest.
6. Female genital mutilation.
7. Disrespect of Sabbath/vows/false swearing.

Reasons why those who oppose God should be condemned.
1. They should be opposed because their teaching leads to destruction/unhappiness.
2. They violet God’s law/word/will.
3. Opponents of God are evil to others, they deceive others.

The story of Hosea’s marriage to Gomer (Hosea 1, 2, 3)
1. God instructed Hosea to take for himself a wife, a woman of harlotry.
2. This was to demonstrate how Israel has forsaken the Lord and engaged in idolatry.
3. He took Gomer, the daughter of Diblaim, who gave birth to three children.
4. The first child, a son, was named Jezreel.

5. The name implied that God would punish the house of Jehu for the blood of Jezreel and would put
an end to the kingdom of Israel.
6. Gomer’s second child was a female whom she named “Not pitied”.
7. ‘’Not pitied’’ means God no longer pity the house of Israel.
8. The third child was named “Not my people” because Israel was no longer the people of God nor
was God their God.
9. After the birth of these three children, Gomer abandoned Hosea and ran after other lovers/she
became a temple prostitute.
10. Hosea, out of love, implored Gomer to come back but she refused.
11. He sent his children to plead with her to return, but to no avail.
12. Gomer was influenced by the worldly things she was getting from her lovers.
13. Despite Gomer’s unfaithfulness and Hosea’s disappointments, Hosea still loved her.
14. Hosea’s marital experience and love for his wife was a demonstration of God’s love for Israel.

Factors ensuring stable marriage
1. Mutual love, trust and respect/understanding.
2. Effectiveness communication/quality time with each other.
3. Sharing responsibility.
4. Spirit of forgiveness, no matter the circumstances.
5. Faithfulness/commitment.
6. Praying together/intercession to restore broken relationships.
7. Tolerance in marriage.

Ways in which names are significant in our society
1. The name of a child indicates the circumstances surrounding the birth.
2. Names point to the position/title held by the parents at the time of birth.
3. Names points to the desire of parents – what they want their children to be.
4. Names are given in remembrance of the ancestors.
5. Names determine the position of the child in the family.
6. In commemoration of important events in the family/village.
7. Name indicate ethnic/tribal/religion identity.

Risk often faced by those who carry out Divine message.
Those who carryout Divine messages faced the following problems:
1. Lack of financial support.
2. Some of them are accused falsefull.
3. Some are being killed in the process of spreading the gospel.
4. Some of them are not accepted in the community etc.

LITERATURE IN ENGLISH
(Complete note already given in volume one)

MARKETING
METHODS OF MARKETING MINERAL PRODUCTS
The government plays a major role in marketing and distribution of mineral products. They extract
these products and make them available to both local and international buyers. The method of
marketing the products is technical and special from other commodities and as a result only a few
decision maker may participate in their marketing. Their being put into use or converted to use require
expertise and high level of technical abilities.
Mineral products are not commonly seen commodities especially the non- oil products. They are
usually used by students and researchers for researches and experiments, lecturers, agriculturists,
laboratories among others. Solid minerals are marketed through the different government owned
companies and a few quasi - private companies in which substantial shares are owned by the
government owned companies.
Geological surveys department is a department responsible for the investigation of mineral deposits
all over the country. Solid minerals are marketed through and by the Nigerian Mining Corporation,
which has also acquired equity interest in several private mineral exploitation and marketing
companies. There are also other private individuals and companies that have obtained license from
the Federal Government to exploit and market solid minerals in Nigeria. The marketing of petroleum
products in Nigeria commenced in 1907 with the establishment of a trade link in sunflower kerosene
by Socony Vacuum Oil company now Mobil which has since expanded to cover a broad range of
petroleum products. Before 1973 the pump prices of most petroleum product varied from state to
state.
By 1971, local demand for most of these petroleum products had exceeded the supply from the
refineries and other sources and pushed up prices. The Federal Government in October 1973 through
the use of section 5 (1) of petroleum Decree 51 of 1969 ordered that prices of petroleum products be
uniform throughout the country. The basic prices where uniform as fixed by the Federal Government
in conjunction with the oil companies but the pump prices varied from state to state .This is still
obtainable today. State prices were thus influenced by transport costs, haulage charges, state
purchase taxes and duties. The Federal Government created the price equalization fund to absorb the
differential transport and haulage costs experienced in the different states in order to ensure uniform
prices of petroleum products. Uniform pricing was aimed at reducing the burden of fuel costs, prevent
individualists from using price differentials as an excuse for not establishing in remote areas and to
assist in the execution of development project through reduced costs.
The crude oil is extracted and sent to the refineries where it is processed then sent to the various
depots across the country. The crude oil marketers then lift the petroleum products and distribute to
the filling stations who then sell directly to the consumers.

In the course of marketing petroleum products, inadequacies are observed
which may be ascribed to:
1. The closure or breakdown of refineries from time to time.
2. Transportation difficulties caused by delays in lifting and transporting petroleum products from
depots to retail outlets.
3. Hoarding of petroleum products by dealers with the aim of creating artificial scarcity and hiking up
prices. This problem led to the establishment of major filling stations like the NNPC mega stations
in all the states in Nigeria. Selling the authorized pump price is yet to solve this problems as the
stations cannot effectively meet the demands of the consumers if all were to buy from them.
4. Adulteration of petroleum products. This is common in the black market where petroleum products
bought is small quantity is adulterated to produce a large quantity and sold, usually in an area where
there is no filling station.

COMPUTER STUDIES
(Complete note already given in volume one)

GEOGRAPHY
LAND RECLAMATION
Land reclamation is the process of recovery of bad and wasteful land and turning it into a useful and
beneficial purposes. It is therefore, the means of turning a waste land into a good land for residential,
social, commercial and industrial purposes.
METHODS OF LAND RECLAMATION
1. SAND FILLING: This is the dumping of enough soil, rocks etc. to raise the surface of the land above
the water level, sea level or lake level.
2. EMBOLDENING: This refers to the walling of an area and removing the water. Emboldening requires
years of maintenance to pump out water and improves it.
3. CONSTRUCTION OF DRAINAGES: Drainages are deliberately constructed in water logged areas to
channel water away so that such land will be available for human habitation.
4. CONTROL OF EROSION: Erosion has to be controlled in order to prevent the soil from being eroded
away. Erosion can cause certain land not to be available for human habitation.
5. CONSTRUCTION OF BARRIERS: Barriers are constructed along certain areas in order to prevent water
from entry that land. This is done to protect that land from water logging.
IMPORTANCE OF LAND RECLAMATION
1. AGRICULTURAL PURPOSES: Agricultural activities such as swamp rice production is promoted where
land have been reclaimed.
2. INCREASE IN LAND AREA: When certain land is reclaimed, it tends to increase the area for human
habitation.
3. CREATION OF HABITAT FOR WILDLIFE: Reclaimed land tends to be used for wildlife purposes in some
parts of the country.
4. RECREATIONAL PURPOSES: reclaimed land is sometimes used for recreational purposes. Examplenational parks for tourist purposes.
5. CREATION FOR GRAZING PURPOSES: The reclaimed land is also used for grazing by ruminant animals
such as goat, sheep and cattle.

GIS DATA AND SOURCES OF GIS DATA
Data input refers to the procedure of automatization of the data and the conversion into forms that
can be stored and analysed in computers. This procedure is fundamental in every GIS.
GEOGRAPHICAL INFORMATION SYSTEM (GIS)
This is a geographical tools which can do the work of computer by creating data.
Gis is any information system that integrates, stores, edits, analyses, shares and displays geographic
information for informing decision making.
GIS DATA SOURCES
Data sources are documents, observation and people that provide information for the assessment or
evaluation. The internet and web have become the leading means of acquiring primary, and secondary
data.
VARIOUS GIS DATA SOURCES
1. REMOTE SENSING: This is the acquiring of information about an object or phenomenon without
making physical contact with the object. The term generally refers to the use of aerial sensor
technologies to detect and classify objects on earth (both on the surface and in the atmosphere and
ocean) by means of propagated signal.
2. MAP DIGITIZING: This is the process of conversion of map data from graphic to digital form. It is an
electromagnetic device consisting of a table upon which a map or a document to be scanned is
placed.
3. LAND SURVEYING: Land surveying is defined as the process by which measurement of land is made
and then represent such measurement by tables.
4. MAP SCANNING: The process of conversion of paper map into digital format usable by computer.
The process is known as scanning. This utility will merge maps that you select and create a new map
in the projection and scale of your choice.
5. TABULAR DATA: This involves the use of special data arranged in tables and such data are analysed
and process by computer in order to generate useful information that are relevant to the
geographic information system.
6. FIELD INVESTIGATION: This is an outdoor investigation. It is the use of available sources of field data
for any public emergencies like health emergencies (bioterrorist and disease epidemics) a
computerized information systems for data management, analysis and communication may be
needed within hours the investigation commenced.

ECONOMICS
INFLATION
This is a persistent increase in price level. It occurs often as a result of increase in the existing
quantity of money without a corresponding increase in the available quantity of goods in the
economy.

Types of Inflation
(i) Demand- pull Inflation: This is caused by increase in aggregate demand, due to increase in private
and government spending. It is also referred to as wage inflation.
(ii) Cost push inflation: It is also known as commodity inflation or supply shock inflation. This is caused
by a drop in aggregate supply, which leads to increase in price of commodities. This may be due to
natural disasters, or increased price of inputs e.g. a sudden increase in supply of oil, leading to oil
prices increases.
(iii) Supply- pull inflation: It is also known as monetary inflation. It is usually occurs from changes in
money supply, which bring about to changes in price level.
(iv) Galloping inflation: It occurs when price level suddenly increases rapidly over a short time period.
(v) Hyper Inflation: Hyperinflation also occurs if inflation get totally out of control. It can grossly
interfere with the normal working of the economy, hurting its ability to supply goods. It can lead to
abandonment of the use of the country's currency. It is mostly evident when government finance
spending in crisis, such as civil war, by printing money excessively.

Causes of Inflation
(1) Increases in wages and salaries of workers.
(2) There is low domestic productivity in both the industrial and agricultural sector.
(3) Poor storage facilities.
(4)Rapid population increase.

DEFLATION
Deflation refers to a persistent fall in the general price level of most goods and services.

Causes of Deflation
(1) Excess supply over demand.
(2) Restriction on bank lending: This reduces the money supply if the amount of restriction is great, the
total amount of money in circulation will be drastically reduced and this would lead to tittle money
'chasing' plenty of goods.
(3) Excessive use of budget- surplus: if the government continuously reduces its spending relative to
its revenue, this will reduce the amount of money in circulation and may lead to a fall in prices.

Effects of Inflation
Inflation has effects on various aspects of our economic life and individual members of the economy.
These effects can be classified mainly into two, namely:
(I) Effects on production activities/ producers.
(ii) Effects on distribution of incomes and employees.

Means of Controlling Inflation
These means of controlling inflation can be classified into three groups:
(I) Monetary measure of control; this involved
(a) Increasing Bank Rates: Bank rates are rates at which the Central Bank grants loans to commercial
banks. This bank rates dictates the rate of interest charged by commercial banks on credits/ loans
given to customer.
(b) Open Market Operations: This involves the sale or purchase of government stocks, bonds and
treasury bills, by the Central Bank sells government stocks, bonds and treasury bills, they in effect
mop up the excess liquidity within the economy.
(ii) Fiscal Measure of Controlling Inflation
(a) Increase in taxes: Government may Increase the various forms of taxes like corporate profit tax,
personal income tax and others so as to reduce the disposable income of the people and corporate
bodies so as to curb inflation.
(b) If inflation is as a result of increased government spending, then government can reduce it's
spending within the economy by either operating a balanced budget or surplus budget.
(iii) Direct Control
(a)Price Control Measures: in a bid to curb inflation as in times past introduced price Control Boards
that fixed prices for specific goods and services within the economy so as to guide against erratic
Increases in prices of goods and services.
(b) Increasing the Supply of Commodities: Various direct measures aimed at increasing the supply
of commodities have been implemented in Nigeria so as to curb the effect of inflation. In the past,
Nigerian National Supply Company (NNSC) was established purposely to import and distribute
scarce essential commodities like sugar, milk, baby food and others; so as to curb inflation.

DATA PROCESSING
COMPUTER ETHICS.
This is a set of moral principle that regulates the user of computers. The consequence of computer misuse can
result in job loss, loss of intellectual property, identity theft, fraud and loss of a quality of life that has come to
be expected in a technological society. There have always been laws against theft of property and physically
harming another person.
Computer ethics encompass commerce, speech, social justice, privacy, criminality, and intellectual property
issues.

Responsible and Maintenance use of computer.
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

Avoiding liquid dropping into the system.
Using dust cover.
Protection from power problem.
Using the anti-glare protector.
Good sitting position.
Unplug the system when not in use for long.
General cleaning.
Battery charging and replacement.
Appropriate ventilation.
DVD drive lens cleaning.

Areas of misuse of computers.
1.
2.
3.
4.
5.
6.
7.
8.

Invasion of privacy (hacking).
Computer virus.
Fraud.
Stealing.
Pornography.
Cyber war.
Piracy of software.
Plagiarism.

Security Measures.
Security involves keeping enterprise hardware, software, data and programs safe. Some measures are
encrypting messages, restricting access through passwords and firewalls, anticipating disasters, backing up data
and storing the data in a safe remote location.

The general Security Policies and Procedures.
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

Change access passwords frequently.
Use of firewall.
Use of anti-virus.
Using site with web certificate.
Restrict system use.
Limit access to data.
Set up physical access controls.
Encrypt data.
Establish procedural controls.
Log all transactions and user activities.

Human Issues
1.
2.
3.
4.

The following are the users of IT resource:
Hand-on users: these are the people who use computer or communications system directly, interacting
with them to enter data, do processing, store and retrieve information, transmit details, or produce output.
Indirect end users: these individuals do not directly operate a computer but benefit from IT as the recipients
of reports, electronic messages, communications, or multimedia presentations.
User managers: these are people who have supervisory responsibility for activities that involve or are
affected by IT.
Senior manager: these managers evaluate the organization’s dependence on IT and the problems that could
arise if appropriate operating procedures are not established or followed.

Information Technology Professional.
1.
2.
3.
4.
5.
6.
7.
8.

This is a person who is responsible for acquiring, developing, maintaining, or operating the hardware and
software associated with computers and communications network. They are:
Programmer: write codes using programming languages to solve problems.
Systems Analysis: work with users to determine the requirements an application needs.
System Designers: they formulate application specification and design the features of custom software.
Web Designers: these are specialists who focus primarily on developing application for the internet and the
World Wide Web.
Computer Manager: coordinate the development of a project and manage the team of programmer/
analyst.
Network Specialists: design, operate, and manage computer communications networks, including networks
that interconnect with the internet.
Computer Educator: work with end users, helping them to become comfortable with the computer and
skilled at using hardware and software.
Computer Operators: oversee the operations of computers in data centers. They also perform support
activities, such as starting applications, loading magnetic tapes, and any other job that will ensure the
smooth operation of the computer facilities.

Qualities of good computer professionals.
1.
2.
3.
4.
5.
6.
7.

Computer professional must possess certain attribute to thrive in computer careers. These attributes are:
Solve problems and troubleshoot
Research.
Be adaptable.
Multitask.
Be digital oriented analytical and accurate.
Work collaboratively.
Communicate well.

Computer Professional Bodies.
1.
2.
3.
4.

Nigeria Computer Society (NCS).
Institute of Management Information System (IMIS).
Computer Professional Registration Council of Nigeria (CPRCN).
Information Technology Association of Nigeria (ITAN).

Practical guide to MS Access.
Creating a Database using Access.
Starting Access 2007.
Double click on the Access 2007 icon on the windows desktop (see right), or click on the Start button
in the lower left corner of the screen, then click on Program, and then click on Microsoft Access 2007.
The Getting Started with Microsoft Office Access screen will appear.
1. For previous Access users.
Take a few minutes to peruse the screen, you will notice you will notice that on the top left of the
screen. Look at the center of your Access screen, you will see Getting Started with Microsoft Office
Access. Click the Blank Database button, on the right side of your Access screen will change.
2. Saving your work. You can save your work on a floppy diskette in the drive, on a USB, key / flash
drive, Hard disk, or in some other drive.
3. Getting Started with Microsoft office Access screen. On the right side of the screen you will see
you’re your database file name and below it the drive on which you will create your database.
4. Creating table.
When you click the create button, your Access 2007 screen will change to the image. You will now
see Tab and Ribbons that automatically appear for the area in Access on which you are working.
5. Creating a personnel database.
When creating a database, it is always best to break down a field into its smallest parts. Example
Name would break down into First Name, and Last Name, Address would break down into Street
Address, City, State and Zip.
6. Exiting and Saving.
Anytime you need to leave your database, click the Microsoft Office Button in the upper left corner
of your Access screen, then click Exit Access in the lower right corner of the menu screen. If you have
not saved your spreadsheet, a reminder box will appear asking you to do so.

FURTHER MATHEMATICS
DEFINITE INTEGRALS
Generally, the formula for integration is given thus: ∫ xn dx =

Also, ∫ axn dx =

axn+1
n+1

+C

xn+1
n+1

+ C where n ≠ -1

The presence of the arbitrary constant ‘C’ makes the integral an indefinite one. Where the lower and
upper limits are given, the constant ‘C’ disappears, and the integral is referred to as a definite integral.
x=5

For example: ∫x=2 6x 4 dx is referred to as a definite integral because of the presence of lower limit (i.e.

2) and the upper limit (i.e. 5).

b

To evaluate a definite integral, ∫a f(x)dx, the following methods are followed:
1. First, find the indefinite integral (omitting the constant. ‘C’).

2. Substitute the upper limit ‘b’ in the definite integral obtained.
3. Also, substitute the lower limit ‘a’ in the definite integral obtained.
4. Lastly subtract the value obtained with the lower limit from the value obtained with the upper limit.

Examples
Evaluate the following definite integrals:
4

1. ∫2 6x 5 dx
3

2. ∫−1(x 2 − 3x)dx
5 1

3. ∫2

x2

dx

Standard Integrals (Recall)
Integral ∫ 𝒇(𝒙)𝒅𝒙

Function f(x)

xn+1

xn

n+1

axn+1

axn
x-1 or
ex

+ C (where n ≠ -1

n+1

1

+ C (where n ≠ -1

Lnx + C

x

ex + C
ekx

ekx

k

ax

ax

+C
+C

Sinx

lna

Cosx

Sinx + C

Cosax

Sinax

-cosx + C

a

+C

Sinax

−Cosax

Sec2x

Tanx + C

Cosec2x

-cotx + C

1

a

+C

Ln(x + a) + C

a+x

1

Sin-1x + C

√1− 𝑥2
−1

Cos-1x + C

√1− 𝑥2
1

Tan-1x + C

1+ 𝑥 2

Note: When dealing with the trigonometric functions, the variable, x, must always be measured in
𝑥 𝑛+1

radians (and not degrees). Also, the function, xn (=
+ C), is valid for any value of n, positive or
𝑛+1
negative, whole number or fractional, except n = −1.

Solutions
5

1. Given: ∫2 6x 4 dx; the lower limit = 2, the upper limit = 4
4

∫2 6x 5 dx = [

6𝑥 5+1

4

] =[

5+1 2

6𝑥 6
6

4

] = [𝑥 6 ]42
2

Substituting the lower limit in the integral: x6
→x=2

(2)6 = 64
Also, substituting the upper limit in the integral: x6
→x=4

(4)6 = 4096
The difference = 4096 – 64 = 4032

3

2. Given: ∫−1(x 2 − 3x)dx; the lower limit = -1 and the upper limit = 3
𝑥3

2

3𝑥 2

∫−1(x 2 − 3x)dx = [ 3 −

2

]

3

−1

Substituting the lower limit in the integral:

→ x = -1
𝑥3
3

−

3𝑥 2
2

=

(−1)3

3(−1)2

−

3

2

1

𝑥3
3

−

𝑥3
3

−

3𝑥 2
2

(2)3

=(

−

3

3(2)2
8

2

2

3

= (− 3 − 2)

Also, substituting the upper limit in the integral:
→x=2

3𝑥 2

𝑥3
3

−

3𝑥 2
2

8

) = (3 − 6)
1

3

The difference = (3 − 6) – (− − )
3
2

5 1

3. Given: ∫2
5 1

∫2

𝑥2

x2

=

16 − 36 + 2 + 9

=

27 − 36

6

6

9

= −6 = −

3
2

dx, the lower limit = 2 and the upper limit = 5
1 5

5

dx = ∫2 𝑥 −2 𝑑𝑥 = [− 𝑥]

2

Substituting the upper and lower limit and subtracting at the same time:
1

1

= [− 5] – [− 2]
1

1

=-5+2=

−2 + 5
10

3

= 10

Area under a curve
Example
Find the area under the curve y = 5x4 – 3 and between the lines x = 2 and x = 4 and the x-axis.
Solution
Given y = 5x4 – 3, between the lines x = 2 and x = 4;
Let ‘A’ be the area under the curve, the lower limit = 2 and the upper limit = 4
4

A = ∫2 (5x 4 – 3 )dx = [
=[

5𝑥 4+1
4+1

5𝑥 5
5

− 3𝑥]

− 3𝑥]

4

4
2

2

= [𝑥 5 − 3𝑥]42

Substituting the upper and lower limit and subtracting at the same time:
= [(4)5 – 3(4)] – [(2)5 – 3(2)]
= [1024 - 12] – [32 - 6]
= [1012] – [26]
= 986 square units

