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FLUID AT REST AND IN MOTION. 

SURFACE TENSION 

Definition: This is the force acting along the surface of a liquid, causing the liquid surface 

to behave like a stretched elastic skin. However, the surface tension is considered to be 

due to forces of attraction between the molecules of the liquid. We can experience surface 

tension on some of our everyday activities. E.g. we can observe a drop of water forming 

slowly on a tap that has not been tightly closed. The water will appear to be filling a 

balloon or an elastic skin or bag. The elastic bag supports the weight of the water until 
the spherical drop of water falls. 

SIMPLE EXPERIMENT ON SURFACETENSION; 

 

 

 

 

 

 

 

 

The above diagram shows the drop of water falling from tap which is not tightly closed. 

The water droplet is of spherical shape which shows how water can behave like elastic 

skin. 

 

Drope mercury on a glass surface 

  

The diagram above shows how mercury droplets are formed on a glass surface. Thus the 

mercury behaves like elastic skin. 
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MOLECULAR EXPLANATION OF SURFACE TENSION 

The molecule at the surface of the liquid is pulled by the 

molecule below it within the liquid. However, the 

molecules at the surface are pulled by the molecules 

below them which causing the surface of the liquid to 

shrink. Thus, the surface areas become as small as 

possible thereby making the surface of the liquid to be in 
a state of strain or tension regarded as the surface tension. 

Also we can say that, the tension or force acting parallel to the surface of the liquid is 

known as surface tension. Hence the coefficient of surface tension, T is defined as the ratio 

of the tangential force in newton acting on a metre length drawn on the surface of the 
liquid. 

T = F/L   where F is force measured in newton, L is length measured in metre and T is 

coefficient of surface tension measured in newton per metre(N/m) 

Examples 

Question 1: On a liquid surface there is a small piece of metal that is 1 cm long and weighs 

0.1 N. Find out the surface tension. 

Answer: Looking at the figures, we see that we have the F as 0.1 N and L as 1 cm. We can 

find the surface tension by applying the above formula: T = F/L , where  F=0.1N, L=1cm 

=1/100=0.01m 

T = 0.1 N/ 0.01m 

    = 10 N/m. 

Therefore, the surface tension is 10 N/m.  

Question 2: A small insect of about 1.5 cm long is posed upon the water. The surface 
tension of the water is 5 N/m. Calculate the estimated mass of the insect? Take g = 9.8m/s2 

Answer: Looking at the figures, we have our T as 5 N/m and L as 1.5 cm. We can find out 

the force, which is the weight, from the surface tension. Thus, we have: 

F = TL Where T=5N/m, L= 1.5cm = 1.5/100 = 0.015m 

F= 5 N/m x 0.015m  

F= 0.075 N 

Further, the mass of the insect will be given by: 

M = F/g (F = mg) 

Over here, g = 9.8 m/s2 which is the acceleration of gravity. 

Finally, M = 0.075 N / 9.8 m/s2 = 0.0077 Kg = 7.7 grams 

Therefore, the mass of the insect on the water is 7.7 grams. 
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APPLICATIONS OF THE EFFECTS OF SURFACE TENSION 

1] Waterproof materials: This is applicable to umbrella, raincoats or tents. They are 

treated with oil-based substances which prevent water from wetting the materials. A thin 

water-film is usually formed across the spaces between the threads of the fabric due to 

the surface tension skin on the raindrops. The skin prevents water from seeping through. 

However, if someone touches the inside material of the umbrella, or tent, the rainwater 

can now soak through the spaces between the threads 

2] Cleansing action of soaps and detergents: we knows that it is always difficult to 

wash effectively oily plate or dirty cloth with water only. This is because the oil or dirty 

repels water which cannot then wet the plate or cloth for effective washing. When we 

apply soaps or detergents the surface tension now weakens and the dirt could be 
removed easily and oily plate could be washed effectively. 

Surface tension can be reduced by:   

• inceasing the temperature of the liquid 

• adding detergents(soap) to the liquid. 

Capillarity: This is the tendency of a liquid to rise or fall in a narrow tube. It is known as 

capillary action. 

In figure above, using water solution the surface of the liquid or its meniscus curves 

upwards but in using mercury the meniscus curves downwards. Also for water, the 

narrower the tube, the higher the level of water in the tube. But for mercury, the narrower 

the tube, the lower the level of mercury in the tube. These are explained in the diagram 

above. There are two terms used to describe or explain capillary action. They are 

cohesion and adhesion. 

Cohesion: This is the force of attraction between molecules of the same kind e.g. the 
molecules of water. 

Adhesion: This is the force of attraction between molecules of different kinds e.g. the 

molecules of water and glass. 
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In water capillary as shown above, meniscus or surface of the water in the capillary tubes 

curves upwards. This is because, the force of adhesion between the molecules of glass 

and the molecules of water is greater than the force of cohesion between the molecules 

of the water. Also, in mercury capillary, the surface of the mercury or meniscus of the 

mercury in the capillary tube curves downwards because the forces of cohesion between 

the molecules of the mercury is greater than the force of adhesion between the molecules 
of the mercury and the molecules of glass. 

 

WK 6: VISCOSITY 

VISCOSITY; 

Definition: This is the internal friction between layers of a liquid or gas in motion. We 

should observe that when a piece of stone is dropped into a cylinder containing grease, 

the stone will slowly get to the bottom of the cylinder. But when that same size of the 

stone is dropped into a cylinder containing water, it goes down to the bottom of the 

cylinder faster. This is because the grease is more viscous than water. Also we can 

observe that we can pour water faster than grease from a container. However liquids 

which are poured slowly are said to be more viscous than those which are poured faster. 
Hence we can consider viscosity as friction in fluids. 

 

MOTION OF SPHERE IN A VISCOUS LIQUID. 

 

The diagram above describes the motion of the body falling through a viscous liquid. Such 

body is subjected to three forces. Its weight (w) acting downwards, the upthrust (u) of 

the liquid on the body acting upwards  and the viscous force (v) opposing its motion. The 

viscous force is opposing the motion of the body, thus is acting upwards. 

 

Terminal Velocity(or speed) 

We have seen that when a body is falling through a viscous liquid , it is subjected to three 

forces; its weight acting downwards, the upthrust acting upwards and viscous force 
acting upwards. However, the equation of the motion can be written as ;  

W - V - U = ma ,where a is the acceleration of the body through the liquid while m is the 

mass of the body. As the speed of the body increases the viscous force opposing the 
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motion increases until at a maximum speed, the viscous force balances the downward 

force of the weight of the body. At this point the acceleration of the body is zero and the 
body moves with constant velocity known as terminal velocity.  

The above equation can be written as:  W - V -U = ma = 0 (since a = 0) 

Therefore, V = W - U. 

The rain drops whose motion is opposed by the viscosity of air attains terminal velocity 
before reaching the ground 

SIMILARITY BETWEEN VISCOSITY AND FRICTION; 

1] Both forces oppose relative motion between surfaces 

2] Both depend on the nature of the materials in contact. 

 

 

DEFFERENCE BETWEEN VISCOSITY AND FRICTION. 

VISCOSITY FRICTION 
1] It depends on the areas of surface in 
contact. 

It does not depend on the areas of surface in 
contact. 

2] It is not dependent on the normal 
reaction. 

It is dependent on the normal reaction. 

3] It occurs in liquids and gases(fluids) It occurs in solids. 
4] It depends on the relative velocities 
between layers. 

It does not depend on the relative velocities 
between two layers. 

 

Application of viscosity; 

Viscous fluid like oils, grease, etc. are used as lubricants because of their viscosity. They 

are used as lubricants to keep metal surface of machines from rubbing against each other. 

The viscosity of oils and greases decrease with temperature, hence their lubricating 

effects are lowered at high temperature. It is because of the viscosity of air that the bob 

of a swinging pendulum comes to rest. 

 

 

WK 8: UNIT OF MEASUREMENT. 

DEFINITIONS; 

Fundamental quantities: These are the basic quantities: These are the basic quantities 

that are independent of others and cannot be defined in terms of the other quantities or 

derived from them. Thus, they are quantities upon which some quantities depend. 

Examples are: mass, length, time, etc. 
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Derived quantities are those quantities obtained by some simple combination of the 

fundamental quantities. 

Examples of derived quantities are: speed, velocity, acceleration, area, volume, force, 
momentum, etc. 

Fundamental units: These are the units of fundamental quantities e.g. M for length, Kg 

for mass, Second for time, etc. 

Derived units: These are the units of derived quantities e.g. N/m2 for pressure, m2 for 

area, m3 for volume, m/s for velocity and m/s2 for acceleration etc. The fundamental 
quantities and their respective units are given in the table below: 

 

 

FUNDAMENTAL QUANTITIES AND UNITS; 

QUANTITY UNIT UNIT ABBREVIATION 
Length Metre m 
Time Second S 
Mass Kilogram Kg 
Electric current Ampere A 
Temperature Kelvin K 
Amount of substance Mole mol 
Luminous Intensity Candela cd 

 

Also, some derived quantities and their units are described in the table below: 

DERIVED QUANTITIES UNITS; 

DERIVED QUANTITIES DERIVATION DERIVED UNIT 
Area (A) Length × breath m2 
Volume (V) Length × breath × height m3 
Density Mass/volume kg/m3 
Velocity (V) Displacement/Time m/s 
Acceleration (A) Change in velocity/Time m/s2 
Force Mass × acceleration Newton (N) 
Energy or work Force × Distance Joule (Nm) 
Power (P) Work/Time J/s (or watt, w) 
Momentum (P) Mass × Velocity Kgm/s, NS 
Pressure (P) Force/Area N/m2 (Pascal, pa) 
Frequency (F) Number of 

oscillation/Time 
Per second or s-1 (hertz, Hz) 

Electric charge  Coulomb (c) 
Electric potential 
difference 

 Volt (V) 

Electric resistance  Ohm 
Electric capacitance  Farad (F) 
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Unit in industry: 

There are some units used in some industrial sectors. Such units include: 

1] Barrel: This is a cylindrical container which can be used to measure products like 
crude oil, etc. One barrel of oil is approximately equal to 159 litres. 

2] Horsepower (hp): This is a unit of measurement of power , or the rate at which work 

is done, usually in reference to the output of engines or motors. One horsepower is 
approximately equal to 746 watts 

3] Acre: This is unit of measuring an area of land. The conversion rate of acre is given as: 

1 acre = 4046.86 square metres. 

1 acre = 4840 square yards. 

1 acre = 43,560 square feet. 

1 acre = 0.404686 hectares. 

Also an area of land can also be measured in hectare. The conversion rate for hectare is 

given as: 

1 hectare = 10,000 square metres. 

1 hectare = 2.471 acres. 

WK 9: ELECTRICAL CONTINUITY TESTING AND SOLAR COLLECTOR. 

ELECTRICAL CONTINUITY TESTING 

Electrical continuity: This is the presence of a complete path for current flow however, 

a circuit is complete when its switch is closed and current can flow all through the circuit. 

Thus, a continuity test is the checking of an electric circuit to see if current flows (that it 

is in fact a complete circuit). This electric continuity can be tested using continuity tester 
or multimeter. 

Thus, a continuity tester is an item of electrical test equipment used to determine if an 

electrical path can be established between two points. Electrical continuity testing is very 
important because it helps to check if there is any electrical break in a conductor. 

SOLAR ENERGY; 

Definition: Solar energy is a form of energy obtained from the sun. It is an inexhaustible 

form of energy. Solar energy can be harnessed for human use. The  energy is created by 

nuclear fusion that takes place in the sun. 

 

PRODUCTION OF SOLAR ENERGY 

A huge amount of energy is produced in the sun by the process of Nuclear fusion. In this 

process, two hydrogen isotopes(or nuclei) combine to form Helium and neutrons with 
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the release of a huge amount of energy.This energy is released principally in the form of 

heat. Most other forms of energy come primarily from solar energy 

Solar collector: A solar collector is an object that is used to collect energy from the sun, 

which it does by absorbing solar radiation. The material type and coating on a solar 

collector are used to maximize solar energy absorption. However, solar radiation is 
energy in the form of electromagnetic radiation 

 

               A flat plate collector 

 

           

 

 

 

 

 

 

            A SOLAR PANEL ON THE ROOF OF A BUILDING 

 

 

 

 

 

 

Solar panels: solar panels are devices that convert solar radiation into electricity A solar 

panel is composed of a package of photovoltaic cells. It can be used in a larger 

photovoltaic system for generating and supplying electric energy for residents and other 

commercial applications. Solar radiation that falls directly on the solar panel is converted 

into direct current. Thus, many homes use solar system to supplement their electricity.  

              

 

APPLICATIONS OF SOLAR PANELS 

Some of the applications of solar panel include: 

1. Solar Electric Power Generation 
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2. It can be used in agriculture as a power source for irrigation. 

3. In health care, solar panels can be used to refrigerate medical supplies.  

4. It can also be used for evaporation of salt water to produce salt and for distillation 

of salt water to produce clean drinking water 
5. Solar panel can also be used to heat swimming pools during cold weather 

 

 

                             ELASTIC PROPERTIES OF SOLID 

Elasticity 

Definition:  This is the ability of a substance to regain its original shape and size after 

being distorted by an external force. The material which can regain its original shape and 

size after the distorting force has been removed is known as elastic material. Examples of 

elastic materials include; rubber band, coil spring of wire, etc. Hence when applied force 
is removed from elastic body, the returns to its original shape and size. 

However, this situation does not continue indefinitely. At a certain stage the elastic body 

becomes distorted. The applied force or load becomes too much for the elastic body to 

bear such that the body does not return to the original length after the applied force is 

being removed. Thus the body is said to have lost its elasticity, or to have reached its 
elastic limit 

Elastic limit : This is the limit of force beyond which the stretched body does not return 
to its original length when the stretching force is removed 

Hooke`s Law 

It It states that provided the elastic limit of an elastic material is not exceeded, the 

extension, e ,  of the material is directly proportional to the load or applied force, F . 

F = Ke , where F is the applied force in newton(N), e is the extension in metre(m), while k 

is the constant of the elasticity. The unit is N/m 

                                

Demonstration of Hooke`s law  

 

 

 

 

The diagram above illustrates Hooke`s law .When a piece of 

mass is hung on the spring , an extension x is obtain, but when 

another piece of mass of the same size is added to the same 

spring, making it two pieces of mass of the same size the the 
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extension obtained is 2x. It continues this way until the elastic limit of the spring is 

exceeded. 

 

 Example  

A spring of natural length 3m is extended by 0.01m by a force of 4N, what will be its length 

when the applied force is 12N? 

Solution  

From Hooke`s law : F = Ke, where F = 4N , e = 0.01m 

Therefore, 4 = K x 0.01,   K = 4/0.01 = 400N/m. Thus F = 400 x e. 

When F = 12N, we have 12 = 400 x e. Then e = 12/400 = 0.03m 

Hence the length is 3m + 0.03m = 3.03m 

 

Young`s modulus  

Let F , be  the force in Newton applied to a wire of original length L0  in metres and cross-

sectional area, A in (m2)  extends its length by e in (m), we can also state Hooke`s law as: 

''Stress is proportional to strain provided elastic limit is not exceeded''  

Thus, stress = constant x strain 

Therefore, constant = stress/strain, where the constant is the Young`s Modulus(Y) 

Hence Young`s modulus( Y ) = (tensile stress)/(tensile strain) measured in (N/m2) 

where stress = Force/Area = F/A and strain = extension/original length = e/L0  . 

Example 

A piece of rubber 10cm long stretches 6mm when a load of 100N is hung from it. What is 
the strain. 

Solution 

Tensile strain = extension / original length = e/l = 0.006m/0.10m = 0.06. 

 

Elastic potential energy stored or Work done on springs and Elastic strings 

 We know that potential energy is the energy possessed by a body by virtue of its position. 

Stretched or compressed spring , elastic or rubber, possess potential energy because they 

are potentially able to do some works and this is called elastic potential energy. This is 

the energy stored in the material as a result of its stretched or compressed state.The 

elastic potential energy is the stored energy which can be transformed into other forms 

of energy. For example when you stretch the rubber of a catapult, and project a stone 
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from it , the elastic potential energy stored up in the rubber is transformed into the kinetic 

energy of the flying stone according to the law of conservation of energy. This elastic 

potential energy which can be called work done, W when an elastic matrial is stretched 

or compressed is given by : 

Work(W) = average force x extension = (0 + F)/2 x e = 1/2 x Fe 

But from Hooke`s law, F = Ke 

Therefore, W = 1/2 x Ke2  

Where W is work done in joules, e is the extension in metres and K is the constant of 

elasticity in Newton per metre 

Example1 

A spring of force constant 1500N/m is acted upon by a constant force of 75N. Calculate 

the potential energy stored in the spring. 

solution 

F = 75N,  Stiffness, K of the spring = 1500N/m   

From Hook`s law : F = Ke 

Therefore 75 = 1500 x e. Then e = 75/1500 = 0.05m 

Energy stored P.E = 1/2 Fe = 1/2 x 75 x 0.05 = 1.9J 

Example2 

A spring has a stiffness of 950N/m, what work will be done in extending the spring by 

60mm? 

Solution 

Work done, W = 1/2 x 950 x (60/1000) = 1.71J 

Example3 

A stone of mass 20g is released from a catapult  whose rubber has been stretched through 

4cm . If the force constant of the rubber is 200N/m, calculate the velocity with which the 
stone leaves the catapult. 

Solution 

Let the velocity of the stone be Vm/s. The elastic potential energy of the stretched rubber 
is transformed into kinetic  energy of the stone . 

Hence, 1/2 Ke2  = 1/2 mv2  

v2 = 200 x 1000/20 x 16/10000 

v = 4m/s 


