PHYSICS FORM FOUR NOTES 
CHAPTER ONE 
THIN LENSES 
A lens is conventionally defined as a piece of glass which is used to focus or change the direction of a beam of light passing through it. They are mainly made of glass or plastic. Lens are used in making spectacles, cameras, cinema projectors, microscopes and telescopes. 
Types of thin lenses 
A lens which is thicker at its centre than at its edges converges light and is called convex or converging lens. A lens which is thicker at its edges than at its centre diverges light and is known as concave or diverging lens. 
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Properties of lenses
1.  Optical centre - this is the geometric centre of a lens which is usually shown using a black dot in ray diagrams. A ray travelling through the optical centre passes through in a straight line. 
2.  Centre of curvature - this is the geometric centre of the circle of which the lens surface 
is part of. Since lenses have two surfaces there are two centres of curvature. C is used to denote one centre while the other is denoted by C1. 
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3.  Principal axis - this is an imaginary line which passes through the optical centre at right angle to the lens. 
4.  Principal focus - this is a point through which all rays travelling parallel to the principal axis pass after refraction through the lens. A lens has a principal focus on both its sides. F is used to denote the principal focus 
5.  Focal length - this is the distance between the optical centre and the principal focus. It is denoted by ‘f’. 
The principal focus for a converging lens is real and virtual for a diverging lens. It is important to note that the principal focus is not always halfway between the optical centre and the centre of curvature as it is in mirrors. 
(b) Principal foci of a diverging lens 
Images formed by thin lenses
The nature, size and position of the image formed by a particular lens depends on the position of the object in relation to the lens. 
Construction of ray diagrams 
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Three rays are of particular importance in the construction of ray diagrams. 
1.  A ray of light travelling parallel to the principal axis passes through the principal focus on refraction through the lens. In case of a concave lens the ray is diverged in a way that it appears to come from the principal focus. 
2.  A ray of light travelling through the optical centre goes un-deviated along the same path. 
3.  A ray of light travelling through the principal focus is refracted parallel to the principal axis on passing through the lens. The construction of the rays is illustrated below. 
Images formed by a converging lens. 
1.  Object between the lens and the principal focus. 
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-Image formed behind the object
-Virtual
-Erect
-Magnified
2.  Object at infinity. 
 -Image formed at the principal focus of the lens
-Real
-Inverted
-Diminished
3.  Object at the principal focus (at F). 
-Image is at infinity.
4.  Object between the principal focus (F) and 2 F. 
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-Image situated beyond 2 F
-Real
-Inverted
-Magnified
5.  Object at 2 F. 
-Image is formed at 2 F
-Real
-Inverted
-Same size as the object
6.  Object beyond F.
 -Image moves nearer to F as object shifts further beyond 2 F
-Real
-Inverted
-Diminished
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Images formed by a diverging lens. 
Images formed by diverging lens are always erect, virtual and diminished for all positions of the object. 
Linear magnification
The linear magnification produced by a lens defined as the ratio of the height of the image to the height of the object, denoted by letter ‘m’, therefore; m = height of the image / height of the object. Magnification is also given by = distance of the image from the lens/ dist. of object from lens. m = v / u 
Example 
An object 0.05 m high is placed 0.15 m in front of a convex lens of focal length 0.1 m. Find by construction, the position, nature and size of the image. What is the magnification? 
Solution 
Let 1 cm represent 5 cm. hence 0.05 m = 5 cm = 1 cm - object height 
0.15 m = 15 cm = 3 cm 
0.1 m = 10 cm = 2 cm - focal length. 
a)  Image formed is -       image is beyond 2 F 
-Inverted
-Real
-Magnified
b)  Magnification = v / u = 30 cm / 15 cm = 2. 
The lens formula 
Let the object distance be represented by ‘u’, the image distance by ‘v’ and the focal length by ‘f’, then the general formula relating the three quantities is given by; 
1 / f = 1 / u + 1 / v - this is the lens formula. 
Examples 
1.An object is placed 12 cm from a converging lens of focal length 18 cm. Find the position of the image.
Solution 
Since it is a converging lens f = +18 cm (real-is-positive and virtual-is-negative rule) 
The object is real therefore u = +12 cm, substituting in the lens formula, then 1 / f = 1 / u + 1 / v or 1 / v = 1 / f - 1 / u = 1 / 18 - 1 / 12 = - 1 / 36 
Hence v = - 36 then the image is virtual, erect and same size as the object. 
2. The focal length of a converging lens is found to be 10 cm. How far should the lens be placed from an illuminated object to obtain an image which is magnified five times on the screen? 
Solution 
f = + 10 cm m = v / u = 5 hence v = 5 u 
Using the lens formula 
1 / f = 1 / u + 1 / v => 1 /10 = 1 / u + 1 / 5 u (replacing v with 5 u) 1 / 10 = 6 / 5 u, hence 5 u = 60 giving u = 12 cm (the lens should be placed 12 cm from the illuminated object) 
3. The lens of a slide projector focuses on an image of height 1.5m on a screen placed 9.0 m from the projector. If the height of the picture on the slide was 6.5 cm, determine, 
a)  Distance from the slide (picture) to the lens 
b)  Focal length of the lens 
Solution 
Magnification = height of the image / height of the object = v / u = 150 / 6.5 = 900 / u u = 39 cm (distance from slide to the lens). m = 23.09 
1 / f = 1 / u + 1 / v = 1 /39 + 1 / 90 = 0.02564 + 0.00111 1 / f = 0.02675 (reciprocal tables) 
f = 37.4 cm. 
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Determining focal lengths
1.  Determining focal length of a converging lens 
Experiment: To determine the focal length of a converging lens using the lens formula.
 Procedure
1.  Set up the apparatus as shown below 
2.  Place the object at reasonable length from the screen until a real image is formed on the screen. Move the lens along the metre rule until a sharply focused image is obtained. 
3.  By changing the position of the object obtain several pairs of value of u and v and record your results as shown. 
U         v      u v    u v / u + v
Discussion 
The value u v / u + v is the focal length of the lens and the different sets of values give the average value of ‘f’. Alternatively the value ‘f’ may be obtained by plotting a graph of 1 / v against 1 / u. When plotted the following graph is obtained. 
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Since 1 / f = 1 / u + 1 / v, at the y-intercept 1 / u = 0, so that 1/ f = 1 / v or f = v. 
The focal length may therefore be obtained by reading off the y-intercept and finding the reciprocal. Similarly at the x-intercept, 1 / v = 0, therefore 1 / f = 1 / u or f = u hence the focal length can also be obtained by reading off the x-intercept and finding the reciprocal. 
Uses of lenses on optical devices 
1.  Simple microscope- it is also referred to as magnifying glass where the image appears clearest at about 25 cm from the eye. This distance is known as the least distance of distinct vision (D) or near vision. 
Magnification in a simple microscope 
Magnification produced depends on the focal length of the lens. Lens of short focal give greater magnification than those of long focal length. The angle ϐ subtended by the image at the eye is much greater than α which is the angle that the object would subtend at the eye when viewed without the lens. The ratio of the ϐ toα is known as angular magnification or magnifying power of an instrument. The angular magnification is equal to linear magnification. 
Uses of a simple microscope 
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1.  To study the features of small animals in biology 
2.  To look closely at small print on a map 
3.  To observe crystals in physics and chemistry 
4.  For forensic investigation by the police 
 2.  Compound microscope - It consists of two lenses with one   nearer the object called the objective lens and the other nearer the eye called the eyepiece lens. 
Uses of compound microscope 
1.  Used to observe Brownian motion in science 
2.  To study micro-organisms and cells in biology 
3.  Analyze laboratory tests in hospital. 
4.  The astronomical telescope -It is used to view distant stars. It consists of two lenses; objective and eye-piece lenses. The objective lens has a large focal length while the eyepiece lens has a much shorter focal length. 
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5.  The camera - consists of a converging lens system, clicking button, shutter, diaphragm and a mounting base for the film all enclosed in a light proof box. The distance is adjusted to obtain a clear focus. The diaphragm has a hole called the aperture with an adjusting control knob to control the amount of light entering the camera. The shutter opens to allow light and close at a given time interval. 
Uses of a camera 
1.  The sine camera is used to make motion pictures 
2.  High speed cameras are used to record movement of particles 
3.  Close circuit television cameras (CCTV) are used to protect high security installations like banks, supermarkets etc. 
4.  Digital cameras are used to capture data that can be fed to computers. 
5.  Human eye - It consists of a transparent cornea, aqueous humour and a crystal-like lens which form a converging lens system. The ciliary muscles contract or relax to change the curvature of the lens. Though the image formed at the retina is inverted the brain ‘sees’ the image as upright. For distant objects ciliary muscles relax while near objects it contracts to control the focal length and this is known as accommodation. When at 25 cm away an object appears clearest and this is known as least distance of vision or near point. 
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Common eye defects 
1.  Short sightedness or hypermetropia- the eyeball is too large for the ‘relaxed focal length’ of the eye. The defect is corrected by placing a concave lens in front of the 

eye. 
2.  Long sightedness or myopia- images are formed beyond the retina. The defect is corrected by placing a converging lens in front of the eye. 
3.  Presbyopia - this is the inability of the eye to accommodate and this occurs as the eye ages due to the weakening of the ciliary muscles. It can be corrected by the use a pair of spectacles. 
4.  Astigmatism - this is a defect where the eye has two different focal lengths as a result of the cornea not being spherical. Corrected by the use of cylindrical lens. 
5.  Colour blindness- caused by deficiency of colour detecting cells in the retina. 
Power of lens 
The power of a simple lens is given by the formula: Power = 1 / f. The unit for power of a lens is diopter (D). 
Example 
Find the power of a concave lens of a focal length 25 cm. 
Solution 
Power = 1 / f = 1 / -0.25 = -4 D. 
CHAPTER TWO 
UNIFORM CIRCULAR MOTION 
Introduction 
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Circular motion is the motion of bodies travelling in circular paths. Uniform circular motion occurs when the speed of a body moving in a circular path is constant. This can be defined as motion of an object at a constant speed along a curved path of constant radius. When acceleration (variation of velocities) is directed towards the centre of the path of motion it is known as centripetal acceleration and the force producing this centripetal acceleration which is also directed towards the centre of the path is called centripetal force. 
Angular motion 
This motion can be described as the motion of a body moving along a circular path by giving the angle covered in a certain time along the path of motion. The angle covered in a certain time is proportional to the distance covered along the path of motion. 
The radian 
One radian is the angle subtended at the centre of the circle by an arc of length equal to the radius of the circle. Since one circle = 3600and has 2 π radians therefore 1 radian = 3600 / 2 π r= 
57.2960 or 57.30. 
Example 
A wheel of radius 50 cm is rolled through a quarter turn. Calculate 
(i)The angle rotated in radians
(ii)The distance moved by a point on the circumference.
Solution 
(i) A quarter turn = 3600 / 4= 900. Since 3600 = 2 π radians. 
Alternately since 1 radian = 57.30 hence 900 1.57 radii. (ii) A point on the circumference moves through an arc, 

Arc = radius ×θ (θ in radians) 
= 50 cm × 1.57 
= 78.5 cm. 
Angular velocity 
If a body moving in a circular path turns through an angle θ radians in time ‘t’, we define angular velocity omega (ω), as the rate of change of the angle θ with time. 
ω= θ / t, unit for angular velocity is radians per second (rads-1). Since the radian measure is a ratio we can write it as second-1 (s-1). We can establish the relationship between angular velocity ‘ω’ and linear velocity ‘v’, from the relation, θ = arc / radius, arc = radius × 
θ.Dividing the expression by ‘t’, then arc / t = radius, but arc / t = v (angular velocity). So ‘v’ = radius × ω. This expression gives us the relationship between angular and linear velocity. 
Angular acceleration 
If the angular velocity for a body changes from ‘ω1’ to ‘ω2’, in time ‘t’ then the angular acceleration, α can be expressed as; 
α= (ω2 - ω1) / t 
Units for angular acceleration are radians per second squared (rad s-2) or second-2 (s-2). When α is constant with time, we say the body is moving with uniform angular acceleration. 
Note: In uniform circular motion α is equal to zero. 
To establish the relationship between angular acceleration and linear acceleration, from the relation, v = radius × ω, then dividing by ‘t’, we get (v / t) = radius × ω / t. 
But v / t = a (linear acceleration) and ω / t = α (angular acceleration). 
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So a = radius × α. 
Centripetal force
This is a force which acts on a body by directing the body towards its centre . Since the direction is continuously changing, the velocity therefore cannot be constant. 
Applying Newton’s law of motion (F = ma), the centripetal force Fc is given by; Fc = ma =mv2/R. Since v = radius ω, then Fc = mv2 - ω2/R = mRω2. The centripetal acceleration ‘a’ in relation to angular velocity, ω, is given by a = Rω2. 
Motion in a vertical circle 
Consider a mass ‘m’ tied to a string of length ‘r’ and moving in a vertical circle as shown below. 
At position 1- both weight (mg) and tension T are in the same direction and the centripetal 
force is provided by both, hence T1 + mg = mv2/r. T1 = mv2/r - mg.(The velocity decreases as 
T1decreases since mg is constant).T1will be zero when mv2/r = mg and thus v = √ - this is the 
value of minimum speed at position 1 which keeps the body in a circle and at this time when T = 0 the string begins to slacken. 
At position 2- the ‘mg’ has no component towards the centre thus playing no part in providing the centripetal force but is provided by the string alone. 
T2 = mv2/r 
At position 3- ‘mg’ and T are in opposite directions, therefore; 
T3 - mg = mv2/r; T3 = mv2/r + mg- indicates that the greatest value of tension is at T3 or at the bottom of the circular path. 
Examples 
1.  A ball of mass 2.5 × 10-2 kg is tied to a string and whirled in a horizontal circular path at a speed of 5.0 ms-2. If the string is 2.0 m long, what centripetal force does the string exert on the ball? 
Solution 
Fc = mv2/r = (2.5 × 10-2) × 52 / 2.0 = 0.31 N. 
2.  A car of mass 6.0 × 103 kg is driven around a horizontal curve of radius 250 m. if the force of friction between the tyres and the road is 21,000 N. What is the maximum speed that the car can be driven at on a bend without going off the road? 
Solution 
Fc = force of friction = 21,000, also Fc = mv2/r, hence 
21,000 = (6.0 × 103) × v2 / 250, v2 = (21,000 × 250) /6.0 × 103 
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3.  A stone attached to one end of a string is whirled in space in in a vertical plane. If the length of the string is 80 cm, determine the minimum speed at which the stone will 
describe a vertical circle. (Take g = 10 m/s2). 
Solution 
Minimum speed v = √
= √
× 10 = 2.283 m/s.
The conical pendulum
It consists of a small massive object tied to the end of a thin string tied to affixed rigid support.
The object is then pulled at an angle then made to whirl in a horizontal circle.
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When speed of the object is constant the angle θ becomes constant also. If the speed is 
increased theangle θ increases, that is the object rises and describes a circle of bigger radius. Therefore as the angular velocity increases ‘r’ also increases. 
The centrifuge 
It consists of a small metal container tubes which can be electrically or manually rotated in a circle. If we consider two particles of different masses m1and m2 each of them requires a centripetal force to keep it in circular motion, the more massive particle require a greater force and so a greater radius and therefore it moves to the bottom of the tube. 
This method is used to separate solids and liquids faster than using a filter paper. 
Banked tracks 
As a vehicle moves round a bend, the centripetal force is provided by the sideways friction between the tyres and the surface, that is; 
Centripetal force = mv2/r = frictional force 
To enable a vehicle to turn along a bend at high speed the road is raised on the outer edge to attain a saucer-like shape and this is known as banking, where part of the centripetal force necessary to keep the vehicle on track is provided by the weight of the vehicle. This allows cars to negotiate bends at critical speeds. 
Application of uniform circular motion 
1.  Centrifuges - they are used to separate liquids of different densities i.e. cream and milk 
2.  Drying clothes in spin dryer- clothes are placed in a perforated drum rotated at high speed, water is expelled through the holes and this makes the clothes dry. 
3.  Road banking- especially for racing cars which enables them to move at critical speed along bends without going off the tracks. 
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4.  Speed governor- the principle of conical pendulum is used here to regulate the speed by controlling the fuel intake in the combustion chamber. As the collar moves up and down through a system of levers it thereby connects to a device which controls the fuel intake. 
CHAPTER THREE 
FLOATING AND SINKING 
Any object in a liquid whether floating or submerged experiences an upward force from the liquid; the force is known as upthrust force. Upthrust force is also known as buoyant force and is denoted by letter ‘u’. 
Archimedes’ principle 
Archimedes, a Greek scientist carried out first experiments to measure upthrust on an object in liquid in the third century. Archimedes principle states that ‘When a body is wholly or partially immersed in a fluid (liquid/ gas), it experiences an upthrust equal to the weight of the 
displaced fluid”. 
Experiment: To demonstrate Archimedes principle Procedure 
1.  Pour water into an overflow can (eureka can) until it starts to flow out then wait until it stops dripping 
2.  Tie a suitable solid body securely and suspend it on a spring balance. Determine weight in air. 
3.  Lower the body slowly into the overflow can while still attached to the spring balance then read off its weight when fully submerged. 
4.  Weigh the displaced water collected in a beaker. Record your readings as follows; 
Weight of body in air = W1 
Weight of body in water = W2 
Weight of empty beaker = W3 
Weight of beaker and displaced liquid = W4 Upthrust of the body = W1-W2 
Weight of displaced water = W4 - W3 
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Discussion 
The upthrust on the solid body will be found to be equal to the weight of displaced water therefore demonstrating the Archimedes principle. 
Example 
A block of metal of volume 60 cm3 weighs 4.80 N in air. Determine its weight when fully submerged in a liquid of density 1,200 kgm-3. 
Solution 
Volume of liquid displaced = 60 cm3 = 6.0 × 10-5 m3. 
Weight of the displaced liquid = volume × density × gravity = v × ρ × g 
= 6.0 × 10-5 × 1200 × 10 = 0.72 N
Upthrust = weight of the liquid displaced. 
Weight of the block in the liquid = (4.80 - 0.72) = 4.08 N. 
Floating objects 
   Objects that float in a liquid are less dense than the liquid in which they float . We have to determine the relationship between the weight of the displaced liquid and the weight of the body. 
Experiment: to demonstrate the law of floatation Procedure 
1.  Weigh the block in air and record its weight as W1. 
2.  Put water into the overflow can (eureka can) up to the level of the spout. 
3.  Collect displaced water in a beaker. Record the weight of the beaker first in air and record as W2. Weigh both the beaker and the displaced water and record as W3. 
4.  Record the same procedure with kerosene and record your results as shown below. 
                                 W1     W2
W3  W3 - W2
                  Water 
            Kerosene 
5.  What do you notice between W1 and W3 - W2 
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Discussion 
The weight of the displaced liquid is equal to the weight of the block in air. This is consistent with the law of floata-tion which states that “A body displaces its own weight of the liquid in which it floats”. Mathematically, the followi-ng relation can be deduced 
Weight = volume × density × gravity = v × ρ × g, therefore 
W = v d × ρ × gwhere vdis the volume of displaced liquid. 
NOTE - Floatation is a special case of Archimedes principle. This is because a floating body sinks until the upthrust equals the weight of the body. 
Example 
A wooden block of dimensions 3 cm × 3 cm × 4 cm floats vertically in methylated spirit with 4 cm of its length in the spirit. Calculate the weight of the block. (Density of methy-lated spirit = 8.0 × 102 kgm-3). 
Solution 
Volume of the spirit displaced = (3 × 3 × 4) = 36 cm3 = 3.6 × 10-5 m3 
Weight of the block =v d × ρ × g = (3.6 × 10-5) × 8.0 × 102 × 10 = 2.88 × 10-1 N. 
Relative density 
We have established the relative density as the ratio of the density of a substance to the density of water. Since by the law of floatation an object displaces a fluid equal to its own weight hence the following mathematical expressions can be established. 
Relative density = density of substance / density of water. 
= weight of substance / weight of equal volume of water 

= mass of substance / mass of equal volume of water 
 Applying Archimedes principle, the relative density‘d’; d = weight of substance in air / upthrust in water or d = W / u Since upthrust is given by (W2 - W1)where W2 - weight in air, W2- weight when submerged. Hence d = W / u = W / W2 - W1, the actual density, ρ of an object can be obtained as follows ρ of an object = d × 1,000 kgm-3. 
Relative density of a floating body 
Experiment: To determine the relative density of a cork Procedure 
1.  Select a sinker which is heavy enough to make the cork to sink. 
2.  Attach the cork and the sinker as follows 
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3.  Record the results obtained as follows 
Weight of the sinker in water = W1 
Weight of the sinker in water and cork in air = W2 Weight of the sinker and cork in water = W3 
Weight of the cork in air = W2 -W1 
Upthrust on the cork = W2 - W3 
The relative density of the cork in air is determined as follows; 
d = weight of the cork in air / upthrust on the cork. 
Applications of Archimedes principle and relative density 
1.  Ships - steel which is used to make ships is 6-7 times dense than water but a ship is able to float on water because it is designed to displace more water than its volume. Load 
lines called plimsoll marks are marked on the side to indicate the maximum load at different seasons to avoid overloading. 
2.  Submarines - they are made of steel and consists of ballast tanks which contain water when they have to sink and filled with air when they have to float. This makes the submarines to balance their weight and be able to rise upwards. 
3.  Balloons - when they are filled with helium gas balloons become lighter and the upthrust on the balloon becomes greater than their weight therefore becoming able to rise upwards. 
4.  Hydrometers - they are used to measure the relative densities of liquids quickly and conveniently. Various types of hydrometers are made to measure different ranges of different densities i.e. lactometer - for measuring milk water (range 1.015 - 1.045), battery acid tester - used to test the charge in a lead-acid battery. 
Examples 
1.  A solid of mass 1.0 kg is suspended using a thread and then submerged in water. If the tension on the thread is 5.0 N, determine the relative density of the solid. 
Solution 
Mass of solid = 1.0 kg 
Weight of solid W = mg = 10 N 
Tension on the string (T) = 5 N 
Upthrust on solid (u) = W - T = 10 - 5 = 5 
Relative density (d) = W / u = 10 / 5 = 2. 
2.  A balloon made up of a fabric weighing 80 N has a volume of 1.0 × 107 cm. the balloon is filled with hydrogen of density 0.9 kgm-3. Calculate the greatest weight in addition to that of the hydrogen and the fabric, which the balloon can carry in air of average density 
1.25 kgm-3. 
Solution 
Upthrust = weight of the air displaced 
= volume of air × density × gravity = (1.0 × 107 × 106) × (1.25 × 10) = 10 × 1.25 × 10 =125 N 
Weight of hydrogen = 10 × 0.09 × 10 = 9 N 
Total weight of hydrogen and fabric = 80 + 9 = 89 N 
Total additional weight to be lifted = 125 - 89 = 36 N. 
3. A material of density 8.5 gcm-3 is attached to a piece of wood of mass 100g and density 0.2 gcm-3. Calculate the volume of material X which must be attached to the piece of wood so that the two just submerge beneath a liquid of density 1.2 gcm -3. 
Solution 
Let the volume of the material be V cm3 
The mass of the material be 8.5 V grams 
Volume of wood = 100 g / 0.2 g/cm = 500 cm3. 
In order to have an average density of 1.2 gcm-3 = total mass / total volume Therefore (100 + 8.5V) / (500 + V) = 1.2 gcm-3 
Hence V = 68.5 cm3. 
CHAPTER FOUR 
ELECTROMAGNETIC SPECTRUM 
Electromagnetic spectrum is a continuum of all electro-magnetic waves arranged according to frequency and wavelength. It includes visible light, ultra-violet rays, microwaves, X-rays, radio waves and gamma rays. Electromagnetic waves are produced when electrically charged particles oscillate or change energy in some way. The waves travel perpendicularly to both electric and magnetic fields. 
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Wavelength, frequency and energy of electromagnetic waves. 
X-rays and gamma rays are usually described in terms of wavelength and radio waves in terms of frequency. 
The electromagnetic spectrum 
It is divided into seven major regions or bands. A band consists of a range of frequencies in the spectrum in terms of frequencies i.e. radio, microwaves, infra -red. 
Properties of electromagnetic waves 
Common properties 
i.They do not require a material medium and can travel through a vacuum.
ii. They undergo reflection, refraction and diffraction.
iii. All electromagnetic waves travel at the speed of light i.e. 3 × 108 ms-1.
iv. They carry no electric charge
v. They transfer energy from a source to a receiver in the form of oscillating electric and magnetic
fields.
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vi. They obey the wave equation (v =λ f).
Examples 
1.  A VHF radio transmitter broadcasts radio waves at a frequency of 30 M Hz. What is their wavelength? 
Solution 
v = f λ => then λ = v / f = 3.0 × 108 / 300 × 106 = 1.00 m. 
2.  Calculate the frequency of a radio wave of wavelength 150 m. 
Solution 
v = f λ =>f = v / λ = 2.0 × 106 = 2 M Hz. 
Unique properties 
1.  Radio waves- they are further divided into long waves (LW), medium waves (MW) and short waves (SW). They are produced by electrical circuits called oscillators and they can be controlled accurately. They are easily diffra-cted by small objects like houses but not by large objects like hills. 
2.  Microwaves - they are produced by oscillation of charges in special aerials mounted on dishes. They are detected by special receivers which convert wave energy to sound i.e. ‘RADAR’ -

Radio Detection and Raging. 
3. Infra-red radiation - infra-red radiations close to microwaves are thermal (produce heat) i.e. sun, fire but those closer to the visible light have no thermal properties i.e. TV remote control system. Detectors of infra-red radiation are the human skin, photographic film etc. 
 4. Optical spectrum (visible light) - they form a tiny part of the electromagnetic spectrum. Sources include the sun, electricity, candles etc. these have wavelengths visible to the human eye and includes the optical spectrum (ROYGBIV). It is detected through the eyes, photographic films 
and photocells. 
5. Ultra-violet rays (UV) - has shorter wavelength than visible light. It is emitted by very hot objects i.e. the sun, welding machines etc. Exposure to UV rays may cause skin cancer and cataracts. They can be detected through photographic film. 
6. X-rays - they have very short wavelength but are high energy waves. They are produced in X-ray tubes when high speed electrons are stopped by a metallic object. They are detected by the use of a photographic film or a fluorescent screen. 
7. Gamma rays - produced by some radioactive materials when large changes of energy occur inside their nuclei. They can be detected by the use of photographic films, Geiger Muller tube or a cloud chamber. 
Applications of electromagnetic radiation 
1. Radio waves - they are used in radio, TV and cellular mobile communications. 
-Used in military communications (satellite imagery) to form an image of the ground even when there are clouds. 
2. Microwaves -   used in radar communications by giving direction and distance. 
-Used in speed guns by the police to detect over speeding. 
-Used in microwave ovens to warm food. The food becomes warm by absorbing energy. 
-Used reliably for communication (telephone and computer data). 
3. Infra-red radiation -    used to produce images of hot objects through the colours 
-Produced by the amount of heat dissipated by an object. 
-Images produced by satellites give important information on vegetation cover in all areas of the globe. They can also detect fires. 
-They are used in hospitals to detect illnesses (diagnosis) 
-Used in warfare missiles and burglar alarm systems 
-Used in green houses to grow crops 
4.Visible light
- used by plants in remote sensing and humans in the identification of things
-Used by plants in the process of photosynthesis 
5. Ultra-violet (UV) radiation - used to make reflective materials which absorb light and re-emit it as visible light. 
-Used in banks to detect fake currency 
6. X-rays - used in hospitals to detect fractures, broken bones and in treatment of cancer (radiotherapy). 
-Used to detect foreign materials in the body i.e. metals 
-Used to detect invisible cracks in metal castings and welding joints 
7.  Gamma rays -  used to sterilize medical instruments 
-Used to kill weevils in grain 
-Used to take photographs same way like X-rays. 
CHAPTER FIVE 
ELECTROMAGNETIC INDUCTION 
Electromagnetism is the effect resulting from the interaction between an electric current and a magnetic field. This effect brings about induced electromagnetic force (e.m.f) and the 
resulting current is called induced current. 
Experiments on electromagnetic induction 
Consider the following diagram 
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When the wire is moved up the galvanometer deflects in one direction then the opposite direction when moved downwards. When moved horizontally or held in a fixed position there is no deflection in the galvanometer. This shows that e.m.f is induced due to the relative motion of the wire or the magnet. 
Factors affecting the magnitude of the induced e.m.f 
1.  The rate of relative motion between the conductor and the field - if the velocity of the conductor is increased the deflection in the conductor increases. 
2.  The strength of the magnetic field - a stronger magnetic field creates a bigger deflection 
3.  The length of the conductor - if the length is increased in the magnetic field the deflection increases. 
Faraday’s law of magnetic induction 
After considering the factors affecting the magnitude of the induced e.m.f, Michael Faraday came up with a law which states that “The induced e.m.f in a conductor in a magnetic field is proportional to the rate of change of the magnetic flux linking the conductor”. 
Lenz’s law of electromagnetic induction 
This law is used to determine the direction of the induced current in a conductor. It states that “An induced current flows in such a direction that its magnetic effect opposes the change through which the current has been produced”. It is applied similarly when a wire is been moved in magnetic field. 
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Fleming’s right hand rule. 
The law states that “The first finger, the second finger and the thumb of the right hand when placed mutually perpendicular to each other, the first finger points in the direction of the field and the thumb in the direction of motion then second finger points in the direction of the induced current”. This law is also called the generator rule. 
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Applications of electromagnetic induction 
1.  A.c generator/alternator- a generator is a device which produces electricity on the basis of electromagnetic induction by continuous motion of either a solenoid or a magnet. It consists of an armature made of several turns of insulated wire wound on 
soft iron core and revolving freely on an axis between the poles of a powerful magnet. Two slip rings are connected to the ends of the armature with two carbon brushes rotating on the slip ring. 
In an external circuit the current is at maximum value at 900 and minimum value at2700. This brings about alternating current and the corresponding voltage (e.m.f) is the alternating voltage. They are used in car alternators and H.E.P. 
2.  D.c generator/alternator- in this case the commutators replaces the slip rings to enable the output to move in one direction. After a rotation of 1800, instead of current reversing, the connections to the external circuit are reversed so that currentdirection flows in one direction. 
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3.  Moving coil microphone- it consists of a coil wound on a cylindrical cardboard which opens into a diaphragm. The coil is placed between the poles of a magnet as shown. 
As sound waves hit the diaphragm, they vibrate and move the coil which produces induced current into the coil and then it flows to the loudspeakers. 
Eddy currents 
They are composed of loops of current which have a magnetic effect opposing the force producing them. When a copper plate with slits is used the loops are cut off and hence the effective currents are drastically reduced and so is the opposing force. 
Practically eddy currents are reduced by laminating metal plates. Armatures of electric generators and motors are wound on laminated soft iron cores. The lamination slices, which are quite thin are glued together by a non-conducting glue and this reduces eddy currents to an almost negligible value. Eddy currents are useful in moving coil meters to damp the oscillations of the armature when the current is switched off. 
Mutual induction 
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Mutual induction is produced when two coils are placed close to each other and a changing current is passed through one of them which in turn produces an induced e.m.f in the second coil. Therefore mutual induction occurs when a changing magnetic flux in one coil links to another coil. 
Applications of mutual induction 
1.  The transformer- it converts an alternating voltage across one coil to a larger or smaller alternating voltage across the other. Since H.E.P is lost through transmission lines therefore it is stepped down before it being transmitted and stepped up again at the point of supply lines. In a step up transformer the number of turns in the secondary 
coil (Ns) is higher than the number of turns in the primary coil (Np). In a step down transformer the primary coil has more turns than the secondary coil. The relationship between the primary voltage and the secondary voltage is given by; 
Np / Ns = Vp / Vs.The efficiency of a transformer is the ratio of power in secondary coil 
(Ps) to power in primary coil (Pp), therefore efficiency = Ps / Pp × 100%. 
Step down transformer 
Examples 
1.  A current of 0.6 A is passed through a step up transformer with a primary coil of 200 turns and a current of 0.1 A is obtained in the secondary coil. Determine the number of turns in the secondary coil and the voltage across if the primary coil is connected to a 240 V mains. 
Solution 
Np / Ns = Vp / Vs = Ip / Is = Ns = (0.6 × 200) / 0.1 = 1200 turns Vp = 240 V hence Vs = (240 × 1200) / 200 = 1440 V 
2.  A step-up transformer has 10,000 turns in the secondary coil and 100 turns in the primary coil. An alternating current of 0.5 A flows in the primary circuit when connected to a 12.0 V a.c. supply. 
a)  Calculate the voltage across the secondary coil 
b)  If the transformer has an efficiency of 90%, what is the current in the secondary coil? 
Solution 
a)  Vs = (Ns / Np) × Vp = (10,000 × 12) / 100 = 1200 V 
b)  Power in primary = Pp = Ip ×Vp= 5.0 × 12 = 60 W 
Efficiency = Ps / Pp × 100% but Ps = Is Vs 
Is = (60 × 90) / (1200 × 100) = 0.045 A 
 Energy losses in a transformer. 
Loss of energy in a transformer is caused by; 
i)Flux leakage- this may be due to poor transformer design
ii)Resistance in the windings-it is reduced by using copper wires which have very lowresistance 
iii) Hysteresis losses- caused by the reluctance of the domains to rotate as the magnetic field changes polarity. Reduced by using materials that magnetize and demagnetize easily like soft iron in the core of the transformer. 
iv)Eddy currents- reduced by using a core made of thin, well insulated and laminated sections.
Uses of transformers 
1.  Power stations - used to step up or down to curb power losses during transmission 
2.  Supplying low voltages for school laboratories 
3.  Low voltage supply in electronic goods like radios, TVs etc. 
4.  High voltage supply in cathode ray oscilloscope (CRO) for school laboratories. 
3.  Induction coil -was developed in 1851 by Heinrich Ruhmkortt. It has both secondary and primary coils with an adjustable spark gap. 
4.  Car ignition system - it is applied in petrol driven engines where a spark plug is used to ignite petrol vapour and air mixture to run the engine. 
