MAGNETISM

Magnets attract certain materials known as magnetic materials e.g. iron, cobalt and their alloys.
Magnets are made of these magnetic materials.

PROPERTIESOF MAGNETS

The ends of a magnet where attraction is strongest are known as magnetic poles.
A straight line drawn passing through ends is called magnetic axis.

Directional property of a magnet

A magnetic compass or a plotting compass always rests in North-South direction of the earth. The
pole that points towards the North is called North Pole (N) or North-seeking pole. The other oneis
the South-seeking pole or South Pole (S).

Therefore a magnet can be used as a compass.
TYPESOF MAGNETS

Magnets are classified according to their shapes as shown
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Ceramic magnet- Has poles at its faces. They are stronger than other magnets.
MAGNETIC AND NON-MAGNETIC MATERIALS

Magnets can be classified according to their magnetic properties. There are those materials that are
attracted by magnets and others are not attracted by a magnet.

An object/material which is attracted by a magnet is called a magnetic material. Metals such as
cobalt, iron, nickel together with their alloys are strongly attracted by magnets are called
ferromagnetic materials.

An object/material which is not attracted by a magnet is called non-magnetic material. For example
copper, brass, aluminium, wood, glass and plastics. These objects have very weak magnetic property.

THE BASIC LAW OF MAGNETISM



The basic law of magnetism can be summarised as like polesrepel and unlike poles attract.
Testing polarity of a magnet

The polarity of a magnet can be tested by bringing both its poles, in turn, adjacent to the known poles
of a suspended magnet. Repulsion only occurs between the like poles of a magnet. Attraction might
occur between unlike poles and a magnetic material thus repulsion isthe only sure way to test for
polarity.

MAGNETIC FIELD PATTERNS

When a magnetic material is placed near one pole of a magnet, it is attracted. This shows that thereis
amagnetic effect in the space around a magnet. The region or space where the magnetic influenceis
felt is called magnetic field. Thefield is stronger near the poles of a magnet and is weaker farther
away from the poles.

DIRECTION OF A MAGNETIC FIELD

Thedirection of amagnetic field at a point is the direction which afree north pole would move if
placed at that point in the field.

Magnetic fields have the following properties,

» They originate from North Pole and end at the South Pole.

» They repel each other side ways and form closed paths never intersecting other lines of
forces.

» They are closer together where the field is strongest.

For example,
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(a) Uniform field strength (b) Varying field strength

MAGNETIC FIELD PATTERNS

Field patterns of a bar magnet



Thelines of force originate from North Pole and end at the South Pole as shown,

MAGNETISM 11

Y around a bar magnet

Field pattern around a magnet
Field patterns between unlike poles

Each magnet hasit is own magnetic field. The two fields combine to form a single magnetic field as
shown,
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The direction of the lines of force is from the North Pole to the South Pole. The field lines between
the poles being more concentrated.

FIELD PATTERNSBETWEEN LIKE POLES

When like poles are placed adjacent to each other, the lines of force do not cross. Lines from one pole
are deflected by the lines from the other pole. Thisindicates repulsion.
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Effects of soft iron rod and ring

Lines of force from the magnet get concentrated along the soft iron rod. The lines emerge on the far
end of the rod, thus preventing them from reaching certain regions as shown below,
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Soft iron rod

A soft iron ring concentrates the magnetic lines of force as shown
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Soft iron ring

This prevents the lines of force from entering region P. Region P isthus said to be shielded by thering
from magnetic fields.

Both the iron rod and the ring can be used in magnetic shielding for screening.

Earth’s Magnetic Field

When a bar magnet is suspended freely, it comes to rest in North-South direction. Thisisasif the
magnet istrying to align itself with a certain magnetic field. Thisalignment of the bar magnet is due
to the magnetic field of the earth.



A bar magnet placed anywhere near the earth’s surface will have its magnetic field combining with
thefield of the earth as shown.

At point marked X, the magnetic field of the earth and that due to the magnet are equal and opposite.
The resultant magnetic field is therefore zero at these points, which are called neutral points.

At P, thefield of the magnet is stronger than that of the earth whileit is weaker at Q.
Example

The diagram below shows the magnetic field pattern between two magnets, P and Q
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a) ldentify the polesof Pand Q
b) State which of the two magnets P and Q is stronger. Explain

THE DOMAIN THEORY

Magnets are made up of small magnetic groups called domains which are composed of smaller sub-
atomic magnets called magnetic dipoles.

Magnetic dipolesin a given domain point towards a common direction. The domains vary in shape
and size but with a common axis with one end being a North Pole and another South Pole.



In unmagnetized state, the dipoles are randomly arranged such that the resultant magnetism of all
domainsis zero as shown
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(a) un-magnetised state

But when amaterial is placed in amagnetic field most of the domains are aligned in one direction and
the material is said to be magnetised under the process of magnetisation, as shown,
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(b) Magnetised state

When all domains get aligned until no further alignment can take place even when the magnetic field
isincreased the material is magnetically saturated. (Strong magnet)
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(c) Saturated

MAGNETISATION OF A MAGNETIC MATERIAL
MAGNETISATION isthe process of making a magnet from a magnetic material.
There are four major methods of making magnets from a magnetic material,

[.  Induction
1. Strokingi.e. single stroke and double stroke
1. Hammering
IV.  Electrical method

INDUCTION



Permanent magnet
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When a magnetic material e.g. steel pinsis placed on the ends of a permanent magnet, the material
acquire a polarity that is opposite to the magnetising pole while the other end acquire asimilar pole to
the one used.

The magnetic dipolesin the material get aligned aong the magnetic axis of the magnetising magnet.
However, the magnetism acquired by the steel pinsis short lived (does not last for along time) after
the magnetising magnet is taken away. The materia (steel pins) has been magnetised

Example

Explain the diagrams below
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STROKING METHOD

When a steel needle (magnetic material) is stroked using one end of a strong magnet repeatedly, the
magnet is magneti sed.

Single stroke

Path of
magnet

Steel needle



Thedipolesin the steel needle align itself with the magnetic axis of the earth. The steel needleis
magnetised by stroking method.

The end of the needle where the magnet Y finishes stroking acquires an opposite polarity to that of
the stroking end of the magnet.

The disadvantage of this method isthat it producesisthat it produces magnets in which one poleis
nearer the end of the magnetised material than the other. Thisis avoided by using double stroke
method.

Double stroke
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Steel bar

Theend A of the stedl bar acquires a North pole while end B acquires a South pole. The steel bar has
been magnetised by double stroking.

If asteel bar is magnetised by the double stroke using North poles of two magnets, the bar acquires a
South pole at each end and a double North pole at the centre as shown
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HAMMERING



This method makes use of the influence of the earth’s magnetic field. A steel bar to be magnetised is
placed in a North-South position and the upper end hammered several times as shown

Hammer

Steel bar

ELECTRICAL METHOD

It is the best and quickest method of making a magnet and it utilises the magnet effect of an electric
current.

The method iswidely used in industrial production of magnets.

A coil with many turns of insulated copper called a solenoid isused. A direct current (d.c) is passed
through the solenoid.

EXPERIMENT: To magnetise a steel bar by electrical method
APPARATUS: sted bar, battery, switch, connecting wires
Connect the apparatus as shown below

Solenoid with large number of turns
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Switch on the current for some time and then switch off. Test for polarity of the steel bar.
Observation
The steel bar is magnetised. The polarity of the magnet depends on the direction of electric current.

The poles of A and B can be identified using clock rule which states that, if on viewing on one end
of the bar, the current flowsin clockwise direction, then that end isa South pole. If
anticlockwise then itsa North pole.

Clock rule
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The poles of A and B can also be identified using the right hand grip rulefor a current carrying coil.

Right hand grip rule

Theright hand grip rule statesthat if a coil carrying a current is grasped in theright hand such
that thefingers point in the direction of current in the coil, then the thumb pointsin the
direction of North Pole.

Allowing current to flow for along time does not increase the extent of magnetic saturation but it only
causes overheating of the solenoid which adversely affects magnetism.

DEMAGNETISATION

Thisisthe disorientation of magnetic dipoles of amagnet. The disorientation of magnetic dipoles
weakens or destroys the magnetic properties of a magnet.

This can be achieved by hammering or passing alter nating current through the magnet placed in
East-West direction (to avoid chances of the magnet acquiring any magnetism from the earth’s
magnetic field)

Dropping magnets against hard surfaces destroys them
M ethods of Demagnetisation
Hammering and heating

A magnet is demagnetised by heating or hammering it when placed in East-West direction.
Magnetism is lost because mechanical hammering or heating disorients magnetic dipoles.

When heating, a magnet is heated until red hot and cooling it suddenly when resting in East-West
direction.



Electrical method

A 12V dternating current (a.c) voltage is connected in series with a solenoid which is placed with its
axis pointing East-West direction as shown
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The bar magnet to be demagnetised is placed inside the solenoid and alternating current (a.c) switched
on. After afew minutes its withdrawn slowly from the solenoid.

The magnet loses its magnetism because the alternating current (a.c) reverses many times per second,
disorienting the magnetic dipoles.

The alternating current (a.c) disorients or disaligns the magnetic domains of a magnet.

NOTE: The magnets are placed in East-west direction so that they do not retain some magnetism due
to the earth’s magnetic field.

Hard and soft magnetic materials

Soft magnetic materials are those magnetic materials that are easily magnetised but do not retain
their magnetism for long e.g. soft iron, nickel e.t.c. they are used in making electromagnetic
transformer cores.

Hard magnetic materials are those materials that are not easily magnetised but retain their
magnetism for long after magnetisation e.g. steel. They are used in making permanent magnets.

Storing magnets

A bar magnet tends to become weaker with time due to self-demagnetisation. Thisis caused by the
poles at the end which tend to upset the alignment of the domainsinsideit. To prevent this magnets
are stored in pairs with small iron bars called keeper s placed across their ends. Unlike poles of the

magnet are placed adjacent to one another as shown
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Keeper

The keepers acquire polarities so that the dipoles in the magnet and the keepers form compl ete loops.
The dipolesthus retain their orientation and magnetism is maintained.

Uses of magnets

Magnets have awide application in real life. For example in hospitals, they are used to remove a piece
of iron from the eye.

They are used in making compasses, |oudspeakers, telephone receivers, bicycle dynamos, generators
and electric motors.

Magnetic field-Thisis the region or space where the magnetic influenceisfelt.
Magnetic lines of force- Thisisthe path along which a North Pole would move if free to do so.

Shielding a magnetic material - A process that limits the coupling of a magnetic field between two
locations

Self demagnetisation — Isas aresult of internal repulsion of like poles within the magnet.

2.MEASUREMENT I1



Engineer’s callipers
It is used to measure distances on solid objects where ordinary metre rule cannot be used directly.

It consists of apair of hinged steel jaws which are closed until they touch the object in the desired
position.

(a) Engineer’s callipers

Diameters of round objects can be measured using outside and inside callipers. One kind is changed to
the other by turning the jaws completely round as shown
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(b) Outside callipers (c) Inside callipers -

When using the calipers, the jaws are opened just to dlip past the cylinder or the widest part of the
sphere. The distance between the jaws is transferred and read on an ordinary scale as shown below

Callipers

Millimetre scale
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VERNIER CALLIPERS



A vernier calliper consists of a steel frame with afixed jaw and adiding jaw. The stedl frame carries
the main scale which is graduated in centimetres but also has millimetre division as shown
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Outside
jaws

Main scale

Vernier scale

Sliding jaw

Fixed jaw —

Vernier calliper

The name vernier refersto the special scale on the sliding jaw which gives reading to tenths of a
millimetre. The vernier scale has 10 divisions which are slightly smaller than millimetres(actually)
0.9mm) this scale gives readingsto 0.1 mm or 0.01 cm. The length of the vernier scaleis 0.9cm. So,
each division of the vernier scale is 0.09cm.

The difference in length between the main scale division and the vernier scale division is known as
theleast count.

Least count=0.1-0.09=0.01cm

Most vernier calipers have both inside and outside jaws. The outside jaws are used to measure
externa diameter while theinside jaws are used for measuring the internal diameter.

Using vernier callipers
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Draw avernier calliper with the following readings 5.08cm, 3.40cm and 0.87cm

ZERO ERROR
when the jaws of the vernier callipers are closed without an object between them, the zero mark

should coincide with the zero mark of the vernier scale.

The vernier callipers have a zero error sometimes when the zero mark does not coincide with the zero
mark of the vernier scale.

M easurements taken with such callipers are normally corrected by either adding or subtracting the
Zero error.



Negative errors are normally added to the reading and the positive errors are normally subtracted. The
zero error can be positive or negative depending on the position of the zero mark.

Example
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Vernier calliper without azeroerror

Vernier calliper with a negativeerror (-0.03cm)

Vernier calliperswith a positive zero error (+0.14cm)

Example

Use the vernier calliper in (b) above to get the correct reading in the vernier calliper below
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M.SR= 2.10cm
V.S.R=3X0.01=0.03cm
2.13cm (add the zero error in (b) above)
0.03cm
2.16cm
Assignment
a) Do exercise 2.2

b) What is the reading indicated by the scale of the vernier calliper below?
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MICROMETER SCREWGAUGE

The micrometer screw gauge is used to measure small diameters such as the diameter of athin wire. It
consists of a U-frame carrying an anvil at one end, athimble which carries acircular rotating scale

known as athimble scale and a spindle which can move forward and backwards when the thimbleis
rotated.

Theratchet at the end of the thimble prevents the user from exerting undue pressure on an object
when the micrometer isin use. The sleeve hasalinear scale in millimetre and the thimble has a
circular scale of 50 equal divisions.

The distance moved by the spindle in one complete rotation of the thimble is known as the pitch of
the micrometer.

The pitch of the micrometer is 0.5mm. Each division represents a spindle travel of
(Emm = 0.0Lmm
If the thimble rotates through one division, the spindle advances by 0.01mm.

NOTE: Some micrometer screw gauges have a pitch of 1.0mm and 100 divisions on the thimble.



Sleeve scale in mm

; Sleeve fiei Thimble
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=
1 =K| —
I T T
S
/ :
m divisions
Ratchet

Thimble scale
U-frame

USING A MICROMETER SCREWGAUGE

The object whose diameter is to be found is held between the anvil and the spindle (jaws). The
micrometer is closed using the ratchet until the object is held gently between the anvil and the
spindle.The ratchet will dip when the object is gripped firmly enough to give accurate readings

Example

Find the reading in the figure below

diameter of the marble = sleeve reading + thimble reading
=11.5 mm + 0.24 mm
= 11.74 mm

Sleeve scale

—
- 130
25
20
15
Marble ?
24th mark coincides
with centre line of
the sleeve scale
Assignment

Draw amicrometer screw gauge with the following readings; 5.52mm, 9.02mm



ZERO ERROR

In the micrometer screw gauge, there occurs a zero error. Arises when the zero mark of the thimble
scale does not coincide exactly with the centre line of the sleeve scale when the micrometer is closed.

The anvil is used for adjustment of the zero error, so that the micrometer has no zero error.

However the zero error occurs when the centre line does not coincide with the zero mark of the
thimble scale. For example in the figures shown below

10
iCentre o
0 S 45
as o lao
45 35
(a) Zero mark of thimble (b) Zero mark of thimble (c) Zero mark of thimble
scale coincide with scale does not scale does not
the centre line of the cuincide with the centre coincide with the centre
sleeve scale line of the sleeve scale. line of the sleeve scale.
—ve zero error -+Ve& Zero error
add error to reading subtract zero error

from reading

In (@) the zero mark of the thimble scale coincides with the centre line of the sleeve scale(no zero
error).

In (b) above the zero mark of the thimble scale does not coincide with the centre line of the deeve
scale. It has a negative zero error and it is added to the reading.

In (c) the zero mark of thimble scale does not coincide with the centre line of the deeve scale. It hasa
positive zero error and it is subtracted from the reading.

EXAMPLE
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SIGNIFICANT FIGURES
Thedigits 1-9 are al significant when they appear in a number.
Thefirst digit from the left of the number is the first significant number.

The number of significant figuresis determined by counting the number of the digits from the first
significant figure on the left.



Zero is sometimes significant and at times it is used as a place holder. When a zero occurs at the |eft
end of anumber, it is not significant. E.g. the zeros in 0.005m, 0.00025cm are just place holders. (in
0.075, thefirst significant number is 7).

If the zeros occurs between non-zero digits e.g. 20012 the zeros are considered significant.

If also zeros occurs at the right hand end after the decimal point, it is significant e.g. 2.0cm, 2.00cm (
7.00m has 3 significant figures).

If the zero occurs at the right hand end of an integer it may or may not be significant e.g. 640000
could be correct to 2,3,4,5 or 6 significant figures. When expressed to 2 significant figures, none of
the zeros is significant, conversely, to 6 significant figures all the zeros are considered significant.

Example

1. Find the area of arectangle that measures 4.26m by 2.77m and write your answer correct to 2
significant figures and 4 significant figures.

Solution
A=L X W = (4.26 X 2.77)CM?
11.8002CM? (4 significant figure)
12 CM? (2 significant figures)

2. Calculate the area of acircle of radius 4.2cm correct to 3 significant figures. (take IT =
3.142)

THE STANDARD FORM

A positive number is said to be in standard form when written as A x 10", where A is such that
1<A<10 and the index n is an integer.

Example
1026 can be written in standard form as 1.026 x 10°

NOTE: when the number lies between 0 and 1, then the index n becomes negative E.g 0.00256 in
standard form is 2.56 x 10

Expressthe following numbersin standard form

1. 2001

2. 0.087

3. 0.00000009876
4. 100000

The use of standard form is a convenient means of writing large and small quantities e.g. the speed of
light is 3.0 x 10%m/s.



THE OIL DROP EXPERIMENT
Thisis an experiment used to estimate the size of amolecule in alaboratory.
THEORY

When an oil drop is carefully put in contact with the surface of water, it spreads out to form a very
thin layer, which isalmost circular. Thisis because the oil breaks the surface tension of the water,
whose particles pull away from the oil.

Thethin layer is approximated to be one molecul e thick.

ASSUMPTIONS

1. Theoil isassumed to be spherical which can be calculated asvzgl'l r.

2. Thepatch formed on the surface is amost circular, A=Mr?.
3. Thethin layer is approximated to be one molecule thick.

Volume of the oil drop, V =Area of the patch, A x Thickness of the patch,(h)
V=Ah
v
Lo

4
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Estimating the size of a molecule
Examples

1. Inan experiment to estimate the size of amolecule of olive oil, adrop of oil of volume
0.12mm?® was placed on a clean water surface. The oil spread into a patch area of 6.0 x
10'mm?. Estimate the size of amolecule of olive oil.

V=V/A=0.12/6x10"
=2.0 x10°mm

2. In an experiment to determine thickness of an oil molecule, adrop of oil of volume 1.0 x 10°
*cm® spreads to an area of 300cm?. Cal culate the thickness of the film.

3. Oil contained in a needle’s 0.3mm wide, 0.6mm long and 0.2mm thick was used to form an
oil film on water. The film was found to have aradius of 7cm. If the moleculein the cil film
are spread into asingle layer, estimate the thickness of the oil molecule



TURNING EFFECT OF A FORCE

Theturning effect of aforceiscaled the moment of aforce. Forceisthat which changes the state of
an object.

Moment of aforceisthe product of the force (F) and the perpendicular distance from the line of
action of the force and the point of support. The point of support is called pivot/fulcrum.

Examples of activitiesin which aforce produces aturning effect;

» Closing or opening adoor
» Steering acar

» Turning of awater tap

» Tightening a nut

M

oment =Force(f) x Perpendicular distance
Fxd
The Sl unitisNm
Example

1. Find the moment of forcein the figure below, if F=10N and d=30cm

et 30 cm e

(BO— Pivot

*F =10 N

Moment of force about the pivot=Fd
=10x 0.3=3Nm

2. Find the moment of forcein the figure below
FPerpendicular to
the line of action

Line of
‘action of F

(=)
e

Moment =6 x 4

=24Nm



PRINCIPLE OF MOMENTS
Consider the following,

d, i d
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The force w, tends to make the rule turn in an anticlockwise direction. The moment is dueto w; is
called anticlockwise moments.

The force w, tends to make the rule to turn in a clockwise direction. Its moment about the pivot is
caled clockwise moments.

Clockwise moments=w, x d,
Anticlockwise moments=w; x d;
At equilibrium, wy x dy=w, x d,
The principal of moments

It states that, for a system in equilibrium, the sum of clockwise moments about a point must be equal
to the sum of anticlockwise moments about the same point.

Also referred as the law of the lever
Example

1. A uniform metrerule pivoted at its centreis balanced by aforce of 4.8N at 20cm mark
and some ather two forces, F and 2.0N on the 66¢cm and 90cm marks respectively.
Calculate the force F.

0 2|0 5;3 GIG 9|0 100
48N [F 20N

2. A uniform metre ruleis suspended vertically from a pivot at the zero mark. It is
maintained in the vertical position by three horizontal forces acting in the directions



shown. Given that the 12.0N force acts through the 10cm mark while the 8.0N force acts
through the 90cm, cal culate F which acts through the 60cm mark.

F‘ Pivot

——-12.0 N

F-‘——.-

—» B.0N

1

3. Inthefigure below shows auniform bar which has negligible weight and is balanced
under the action of force shown. Determine the value of X hence the length of the bar.

4. A very light uniform metrerule is balanced at its mid-point A, under forces of 10N, 5N
and P acting at point 10cm, 80cm and 100cm points from the point respectively as
shown. Find P

Applications of anti-parallel forces
1. Steering wheel

Cars are made to turn round corners by exerting two equal forces F, acting tangentially to the steering
as shown.

2. Water taps

A water tap is opened or closed by applying two equal forces as shown,
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F F
(a) Opening tap (b) Clesing tap

3. Bicyclehandle-bars

When a bicycle is turned round a bend with both hands on the handle bars, two equal and opposite
forces are applied.

The forces constitute anti-parallel forces which produce a moment about the axis of rotation O.
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4. Water sprinklersand wheel spanner
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EQUILBRIUM AND CENTRE OF GRAVITY



EQUILBRIUM isthe state of balance where the sum of clockwise momentsis equal to the sum of
anti-clockwise moments. When the state is achieved the body is said to be stable.

Stability depends on the surface ar ea of the base and the centre of gravity of the body.

The centre of gravity of abody isthe point where the whole weight of the body appears to act from
or is the point of application of the resultant force due to the earth’s attraction on the body.

Centre of gravity of objectswith regular shapes

The centre of gravity of abody depends on its shape. The centre og gravity can be determined by
construction as shown,

Object Diagram Centre of gravity
Uniform rod By balancing. The centre of gravity isat the
centre of the rod
( I coG _U

Metre rule By balancing. The centre of gravity isat

T 111 50cm mark.

"EXEL-
Square plate Construct the diagonals. The point of

intersection isthe centre of gravity.

Rectangular plate

Construct the diagonals. The point of
intersection isthe centre of gravity.

Triangular plate The point of intersection of the perpendicular
bisectors of the sides is the centre of gravity.

Circular plate The point of intersection of their diametersis
the centre of gravity.

Cubic plate The point of intersection of their diagonalsis

R i the centre of gravity
: bl C{G

Cylinder The point of intersection of vertical and
horizontal axes (midpoints of axis) isthe
centre of gravity.

Sphere The centre of the sphere (point of intersection

of the diameter) is the centre of gravity.




Cone Construct the perpendicular bisectors from
the base. The point of intersection isthe
- centre of gravity.
Ring The point of intersection of the diametersis
the centre of gravity
L-shape Divide the shape into two. Construct the
diagonals on each. Join the points of
intersection and bisect the line.
Square with GL72777777, The point of intersections of the diagonalsis
centre cut off 41~ -7 F the centre of gravity.
7 seiboa [
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777777777,

Centre of gravity of an irregularly shaped lamina
Experiment: To determine the centre of gravity of an irregularly shaped object
Apparatus. Plump line, stand, cardboard on the edges

Set the apparatus as shown below,

Remove the cardboard and balance it on the tip of a pencil.
Observation
The suspended aobject will always rest with its centre of gravity vertically below its point of support.
The object balances on the tip of the pencil it placed at its centre of gravity.
Example

1. A uniform metal bar, 100cm long balances at 20cm when a mass of 1.5kg is attached at the O
cm mark as shown. Calculate the weight of the bar. (take g=10N/kg)
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2. A uniform metre rule pivoted at the 60cm mark is kept horizontally by placing a 50g mass on
80cm mark. Calculate the mass of the metre rule. (take g=10N/kg)

States of equilibrium
There are three states of equilibrium,;

i.  Stableequilibrium
ii.  Unstable equilibrium
iii.  Neutra

Consider awooden cone resting on a horizontal table in various positionsi.e.

When the coneistilted through a small angle by applying aforce, the vertical line through the centre
of gravity still falsinside the base. When the applied is withdrawn, the cone falls back to its original
position. The coneis said to be stable equilibrium.

The cone has a broad base and low centre of gravity. When it is given a dight push, the centre of
gravity israised, but it falls back to make this centre of gravity aslow as possible.

When the cone is balanced on its tip, a small sideway push causes the vertical line through its centre
of gravity to fall outside the base. This makes the cone to topple over. The coneissaid to be unstable
equilibrium

N N
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The cone has a very small area of base and high centre of gravity. A dight lowersits centre of
gravity and it fallsto make the centre of gravity aslow as possible.

If the coneislaid onitssides, aforce applied on it, will not change the centre of gravity. This
condition is described as neutral equilibrium
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Factor s affecting stability of objects

The stability of an object depends on the position of its centre of gravity and the turning effect of its
weight about an axis or point.

1. Areaof thebase

If the base islarge, the line through the centre of gravity of the body remains within the base even if
the body istilted through alarge angle. A body with abroad base is more stable than the one with a
narrow base.

2. The position of the centre of gravity

A body is more stable when its centre of gravity is aslow as possible. This can be achieved by making
the base heavier. Bodies with high centres of gravity are less stable.

Applications of stability
1. Motor industry

Bases are made more stable by having light materias for the upper parts of the body and heavy at the
bottom.

A racing car has alow centre of gravity and awide track which allows alarge angle of tilt. It can
negotiate corners with high speeds without toppling.

2. Areaof support

» Toalight from amoving bus, a person hasto spread out his legs to increase the area of
support. Thislowers centre of gravity and increases stability.

» A person carrying a bucket of water in one hand has to lean or bend his body to the other side
to adjust his centre of gravity.

» A Bunsen burner has awide heavy base. This lowers centre of gravity.

REFLECTION AT CURVED SURFACES

Curved surfaces may be obtained from hollow shapes of spheres, cones or cylinders. When these
surfaces are highly polished, they become reflectors.

In a sphere, if theinner surface is highly polished then the portion of the sphereis described asa
concavereflector and if the outer portion of the sphere is highly polished, then the portion is
described as a convex r eflector.



CURVED MIRRORS

Curved mirrors whose reflecting surfaces curve inwards are called concave mirror s while those with
reflecting surfaces bulging outwards are called convex mirrors

Spherical mirrors.......... are mirrors made from spheres.

A parabolic mirror.......... isaspecia curved mirror cut from a section of a cone.

(a) (b) (c)
ajconcave mirror b)convex mirror c)parabolic(concave) mirror

NOTE: silvering of the inner surface of glass produces a convex mirror, while a highly polished outer
surface gives a concave reflector which behaves like a concave mirror.

DEFINITION OF TERMS

Consider the mirrors shown below,
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a) Concave mirror (b) Convex mirror
TERMS
1. APERTURE

Thisisthe length of the curved mirror i.e. XY
2. POLE

Thisisthe centre, P, of the mirror
3. CENTRE OF CURVATURE, C

Thisisthe centre of the sphere which the mirror is part. For a concave mirror the centre of curvature
isin front of the mirror, while for aconvex mirror the centre of curvature is behind the mirror.

4. PRINCIPAL AXIS



Istheline joining the centre of curvature to the pole or centre of the mirror? (Main axis)
5. PRINCIPAL FOCUS, F,

Isapoint on the principal axisto which all rays originally parallel and close to the principal axis
converge (concave mirror) or from which they appear to diverge (convex mirror) after reflection by
the mirror.

The principal focus of aconcave mirror isareal focus, for the convex mirror the principal focusis
virtual focus. (Not real)

6. FOCAL PLANE

A plane perpendicul ar to the principal axis and passes through the principal focus
7. Radiusof curvature(r)

Isthe radius of the sphere of which the mirror is part (distance PC)
8. Focal length(f)

Is the distance from the pole of the mirror to its principal focus?

A ray of light that is close to and parallel to principal axis meets aconcave mirror and is reflected
through a point on the principal axis called afocal point. For a convex mirror (diverging mirror), this
isthe point where the reflected ray appear to originate.

A concave mirror hasareal principal focus while aconvex mirror has avirtual principal focus.

Virtual rays are represented by dotted lines. All rays should be arrowed to show the direction in
which thelight istravelling.

If parallel rays, incident on the mirror are not parallel to the principal axisthey will converge at a
point of the principal axis such that the line joining that point to focal point is perpendicular to the
principal axis.

For rays to be converged to a point they must be close to the principal axis or the aperture must be
small.

REFLECTION OF LIGHT BY CURVED MIRRORS
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In a concave mirror, the rays converge at a point F, after reflection. For a convex mirror, the rays are
reflected so that they all appear to diverge from the principal focus F behind the mirror.

For aray converging at the principal focus (F), aparallel beam is obtained for both the concave and
convex mirror after reflection as shown,
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This shows that light rays are reversible. Thisis a demonstration of the principle of rever sibility of
light which states that the paths of light rays arereversible.

LAWSOF REFLECTION AND CURVED MIRRORS
Laws of reflection apply to both concave and convex mirrorsi.e.

i.  Incident ray, reflected ray and the normal lie on the same plane at the point of incident.
ii.  Theincident angleis equal to the reflected angle, i=r

The normal drawn at the point of incidence in curved mirrors passes through the centre of curvature
C.

Anincident ray parallel and close to the principal axisis reflected through F in a concave mirror and
appearsto come from F in aconvex mirror

@ /I%E




<i=<r

<ABC=<BCF

<i=<BCF

<CBF isisosceles

CF=BF

CF=1/2CP

CF=12r

CF=FP=focal length

F=12r orf=r/2

NB: Thefocal length of a concave mirror is half the radius of curvature, r (f=r/2)
RAY DIAGRAMS

Ray diagrams can be used to explain how images are formed by curved mirrors and the characteristics
of these images.

Thereflecting surface is represented by a straight line and a small curve used to show the type of
mirror as shown

Object > Object €

Mirror Mirr
line line
|__— Principal —___
axis
(a) (b)
Concave convex

Thefollowing are used or observed in the construction of ray diagrams;

i. Araythrough C or passing through C




Concave convex

ii. Arayparallel and closeto the principal axes passesthrough thefocal point after
reflection as shown

e
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iii.  Anincident ray passing through F isreflected parallel to the principal axis
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C F
(b)

(a)

iv.  Aray at anangleto the principa axisand incident to the pole. The ray isreflected in asuch a
way that the angle of incidence is equal to the angle of reflection as shown

IMAGE FORMATION AND CHARACTERISTICS

The nature, size and position of the image of an object formed by a concave mirror depend on its
position (distance) from the mirror,

1. Object at infinity



Theimageis;

i.  Theimage formed is smaller than the object
ii.  Inverted
iii. Red
iv. FormedatF
2. Object beyond C

Theimage formed is,

i. BetweenCandF
ii. Rea
iii.  Inverted
iv.  Smaller than the object
3. OBJECTATC

Theimage formed s,



i. AtC
ii. Red
iii.  Inverted
iv.  Same size asthe object
4. OBJECT BETWEEN C AND F

l9)

Theimage formedis;

i. BeyondC
ii. Red
iii.  Inverted
iv.  Magnified (larger than the object)
5. OBJECT ATF

Y

C
&

0
The object formed is at infinity

6. OBJECT BETWEEN F ANF P
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Image formed is;

i.  Behind the mirror
ii.  Virtual (not real)
iii.  Erect (upright)
iv.  Larger than the object

NOTE: full linesrepresent real rays and objects while dotted lines represent virtual rays and
images.

In aray, an arrow is drawn to show the direction in which light is travelling.

A rea image can be focussed on a screen while virtual images are formed by apparent intersection of
rays and cannot be formed on a screen.

CONVEX MIRRORS

Concave mirrors form either real or virtual images depending on the position of the object. Images
formed by convex mirrors are always upright, smaller than the object and between P and F as
shown,

GRAPHICAL CONSTRUCTION OF RAY DIAGRAMS

Images obtained from a curved mirror can be drawn to scale in aray diagram. The construction of a
ray diagram is best done on a graph paper using a suitable scale.

Examples



1. Anobject of height 10mm is placed 50mm in front of a concave mirror of focal length 30mm.
By scale drawing, determine;

Position of the image (distance)

Size of theimage

Nature of the image formed

A convex mirror of focal length 9cm produces an image on its axis 6¢cm away from the
mirror. If the image is 3cm high, determine by scale drawing;

The aobject distance from the mirror

The size of the object

NO T
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LINEAR MAGNIFICATION

Images formed by curved mirrorsvary in size. It is therefore important to compare the size of the
object with that of the image formed.

The comparison of the image size with abject size is called magnification.
M agnification is given by;

P _height of image
Magnlflcatlon, M “height of object

Magnification can also be given by;

image distance (V)
object distance (u)

Magnification, M =

Therefore, M =§

Examples

1. A concave mirror of focal length 20cm forms a sharply focussed image of a small object on a
screen placed at a distance 80cm from the mirror. Graphically determine;

a. The position of the object

b. Linear magnification of the image.

2. A concave mirror of focal length 20cm produces an upright image of magnification 2.
Graphically determine the object distance. (h,:h)

3. A concave mirror of focal length 10cm forms areal image four times the size of the object. If

the object. If the object height is 5cm, determine graphically;

The aobject distance

The image distance

oo

Relationship between focal length, f and radius of curvature, r
_r
=
THE MIRROR FORMULA

If an object is at adistance U from a curved mirror of focal length f, itsimage is formed at a distance
V from the mirror.



The object distance U, image distance V and foca length f can be related by the formula;
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Thisis called the mirror formula and appliesto al spherica mirrors
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SIGN CONVENTION

To determine the position and nature of the image formed by curved mirror, asign conventionis
normally used.

Real-is-positive sign convention
When applying this convention;

i.  All distances are measured from the mirror as the origin.
ii.  Distances arereal objects and real images are considered positive (+).
iii.  Distances of virtual objects and images are considered negative (-).
iv. A concave mirror hasreal principal focus (F) and therefore positive focal length, whilea
convex mirror has avirtual principal focus hence has a negative focal length.

Example
1. Anobjectisplaced 30cm from a concave mirror of focal length 20cm. Calculate;
a. Image position
b. Magnification

f=+20cm, U= +30cm

g
v

=
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LA
30
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V= +60cm
Image is 60cm from the mirror and red (+)
M = 60/30

=2



2. Anobjectisplaced a) 18cm and b) 4cmin front of a concave mirror of focal length 12cm.
Determine the position and nature of the image formed in each case;

=Y

Theimage is formed 36cm from the mirror. Theimageis sinceit is positive.

b) U= +4cm, f=+12cm

<fw-
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u
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V=-6cm
The image formed is 6cm from the mirror and is virtual sinceV is negative.

3. A convex mirror of focal length 9cm produces an image on its axis 6¢cm from the mirror.
Determine the position of the object.

f=-9cm (convex mirror), V=-6cm

1.4 .4
Fou v
11,1
-9 U -6
U= +18cm

The object isreal since U is positive and 18cmin front of the mirror
Practice questions

1. A convex mirror of focal length 18cm produces an image on its axis 3cm from the mirror.
Calculate the position and nature of the object.

2. Anobjectisplaced 18cmin front of aconvex mirror of focal length 10cm. Calculate the
image distance and state the nature of the image formed.

3. Thedistance between an erect image and the object is 30cm. Theimage istwice astall asthe
object.

a) What isthe object distance?

b) Determinetheradius of curvature

Graphical analysis of the mirror formula

i. If agraphof L/uagaing 1/v is plotted, a straight line with a negative gradient is obtained i.e



o(ent™)

1 -1
~(cm™)
Therefore the image is inverted relative to the object.

The X-intercept and the Y -intercept giveﬁ}lr of the mirror used.

ii. If agraphof UV against (U+V) is plotted, a straight line passing through the originis
obtained i.e

1

UV (cm?) = +% rearranging

e

uw

utv

U+V (cm)
The gradient gives the focal length of the mirror

From the formula;

A graph of magainst V isastraight linei.e.

m




-1 v (cm)
The gradient of the graph is% and y-intercept is-1

APPLICATIONS OF CURVED MIRRORS
CONCAVE MIRRORS
They are used as;
a. Shaving mirrors
When the object is placed within the focal length of the mirror, a magnified erect image is obtained.
b. By dentistswhen examining teeth

When the object (teeth) is placed within the focal length of the mirror, amagnified erect image is
obtained as shown;

|
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c. Intelescopesfor astronomical observations

When an object as at infinity (very far) e.g. astar, the rays from any point on it appears to originate
from a particular point and istherefore parallel. Theimageis thus formed at the focal point.

d. Asareflector behind a projector lamp

Thelamp is placed at the centre of curvature of the concave mirror to reflect light travelling away
from the projector, hence increasing the illumination of the dide.

e. Solar concentrators

The heat and light energy from the sun can be brought to focus by a concave mirror e.g. in solar
cookers, parallel rays are converged or concentrated at the focal point of a concave mirror.

CONVEX MIRRORS
They are used,

a. Asdriving mirrors



b. Insupermarkets
Thisis because;

» Theform an upright image regardless of the object distance
» They provide awidefield of view
DISADVANTAGE

In driving mirror, the image formed is diminished giving an impression that vehicles behind are
further away than they actually are. Thisis dangerous.

DEFECTSOF SPHERICAL REFLECTORS

For a concave mirror, incident rays parallel and close to the principa axis called paraxial rays,
converge at the principal focus F.

But rays parallel to the principal axisand not close to the principal axis called marginal rays are not
brought to focus at the principa focus but behind it. The parallel beam produces blurred focus after
reflection. Thisis called spherical aberrations. The reflected rays intersect to form asurface called a
caustic curve.

Paraxial rays marginal rays

This defect (spherical aberration) may be overcome by using par abolic reflector as shown,

R~
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Parabolicreflector............ focustheray paralel (marginal rays) to acommon focus.

MAGNETIC EFFECT OF AN ELECTRIC CURRENT
Relationship between electric current and magnetism
(Oer sted experiment)

Magnetic effect of an electric current was discovered by Oersted in 1819.



He discovered that the direction of a compass needle near the current carrying conductor changes
immediately the current the current is switched on.

The direction of the compass also depends on the relative position of the compass from the wire and
also the direction of the current.

Therefore it impliesthat there is arelationship between an electric current and magnetism. i.e.
l
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(@) nlo current

in tha wire
for both

under and (b) Compass {c) Compass o) {8) Compass
over the under wire over wire {d) Lompass over wire
compass. under wire

The extent to which the needles deflects increases with the strength of current flowing. Reversing the
direction of current reverses the direction of deflection.

Magnetic field dueto electric current

A magnetic field around a straight current carrying conductor is a pattern of concentric circles as
shown

[ E—

When the card is tapped, the iron filings settle in concentric circles round the wire due to influence of
magnetic field around the wire. As the distance from the centre increases, the concentric circles

become less significant.

Thedirection of the magnetic field

If several plotting compasses are used instead of iron filings we will have the following;
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When the direction of current is reversed, the compass needle points in the opposite direction. This
impliesthat the direction of the field reverses when the current direction is reversed.
Rulesfor determining the direction of magnetic field
The direction of magnetic field can be determined using the following rules

I.  Fleming’s right hand grip rule
1. Right hand corks screw rule
Fleming’s right hand grip rule

If aconductor carrying current is grasped in the right hand and with the thumb pointing along the wire
in the direction of current, the fingers will point in the direction of the magnetic field as shown
below,

e PR Cl‘ﬂrrent |
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(b)

Maxwell’s corkscrew rule

If aright handed screw is driven forward in the direction of conventional current, then the direction of
rotation of the screw isthe direction of thefield lines.



If you imagine holding and turning a screw in your right hand with the screw pointing in the direction
of current, inturning it in clockwise so that it advancesin the direction of the current, the clockwise
rotation of the screw gives the direction of the field due to the current in the conductor.

Rotation of corkscrew

Direction of
magnetic field

4-———— Direction of current
Straight wire

Magnetic field pattern of a circular current-carrying conductor

Thick copper wire

d.c. source

If iron filings are sprinkled on the cardboard in the above set up and the current switched on, theiron
fillings form a pattern similar to a small magnet.

When current is switched and compass needles used instead of iron fillings they trace the magnetic
field and give its direction when the switch is closed as shown.

c(ffliggr:a?gt Current into
the card

T

Theright hand grip rule for current carrying loop statesthat, if fingers of the right hand encircle the
current loop such that they point in the direction of current, the thumb pointsin the direction of the

magnetic field formed through the inside of the [oop.




Magnetic field pattern of a solenoid carrying current

A solenoid isawirewound into along cylindrical coil with a series of interconnected |oops as shown;

When a compass needle is placed at end X, its North Poleis repelled.
When the field inside and outside the solenoid is explored, the following properties emerge

I.  Thefield near the endsis non-uniform compared to the field inside the solenoid.
1. Thefield near the end of the solenoid is weaker than that inside the solenoid.
[1l.  Thefield outside the solenoid is oppositely direct to that inside the solenoid.
IV.  Thefield outside the solenoid is less than that inside the solenoid.

Thus a solenoid carrying current behaves like a bar magnet. It isreferred as electromagnet since its
magnetism arises from the flow of current.

The clockwise and anticlockwise rule can be applied to predict the polarities of the electromagnet
formed. Therule states that, if the direction of current in the coil as observed from oneend is
clockwise, thisend isthe south pole and if current isanticlockwise the end becomesthe north
pole.

Theright hand grip rule can aso be applied to predict the north pole of an electromagnet as follows; if
acail carrying current isheld in theright hand such that the finger s encirclethe loopswhile
pointing in thedirection of current flow, thethumb pointsin the direction of North Pole.

Example



Identify the polarities in the figures below

(a) W (b) m

Practical electromagnets require that coils be wound on a soft iron core to increase magnetic power.
The factors affecting the strength of the el ectromagnet include;
I.  Thesizeof current in the solenoid

When current is increased the strength of the magnet also increases. Beyond a particular value, the
strength of the electromagnet remains constant.

[l.  Thenumber of turnsof wirein the solenoid
Increasing the number of turnsincreases the strength of an electromagnet.
[11.  Theshape of thecore
The strength of an electromagnet depends on the shape of the corei.e. iron bar or u-shaped core.
IV.  Thelength of the solenoid

The strength of an electromagnet increases with increase in length.

FORCE ON CURRENT-CARRYING CONDUCTOR IN A MAGNETIC FIELD

Consider the figure below

Plastic support

—ii]

When the current flows along AB, therod rolls along the brassrod X and Y towards the plastic
support.



When either the direction of the current or that of the magnetic field is reversed, the direction of the
movement of AB also changes.

When current is increased the rod moves faster.

When the magnet is turned so that the magnetic field is parallel to the length of AB, therod remains
stationary.

A force acts on a current-carrying conductor when it is placed in a magnetic field. The magnitude of
this forceincreases with increase in current and therefore field strength.

The force is maximum when the angle between the conductor and the field is 90° and becomes zero
when the conductor is parallel to thefield.

The force also increases with increase in the length of the conductor in the magnetic fields.

The fields tend to concentrate more on one side than the other as shown bel ow

[TFN?

A (Current down)

Force ‘{motion)

(a)

Strong field

N
(b) () Weak field

(asviewed from A)

Theweak field is due to the two fields opposing each other. Magnetic lines of force act like elastic
bands, concentration of the lines on the other side of the conductor produces a catapult effect that
pushes the conductor in the opposite direction.

When the direction of current or magnetic field is reversed, the direction of the force on the conductor
also reverses.

For a conductor carrying current in a magnetic field the direction of the force acting on it can be
predicted using Fleming’s left hand rule.

FLEMING’S LEFT HAND RULE (MORTAR RULE)

States that;



If the left hand is held with the thumb, the first finger and the second finger mutually at right angles so
that the first finger points in the direction of field and the second finger in the direction of the
current, then the thumb points in the direction of motion as shown

I NUMDb (Motion)

First finger
Field)

fa\

NOTE: Thedirection of current in this ruleis the conventional direction, i.e. the direction of flow of
positive charge. It should be noted that the rule applies only if the magnetic field and current are
perpendicular to each other. When the field and current are parallel to each other, thereis no force on
the conductor.

Forceon acurrent carrying coil in a magnetic field

The figure below shows arectangular coil ABCD put in a magnetic field

When the current flows through the coil in the direction DCBA, the resultant field pattern is as shown
below

The catapult force acting on the sides of the coil causesit to turn in clockwise direction. Application
of Fleming’s left hand rule makes it easier to predict the direction of motion than drawing the field
pattern.

FORCE ON A CHARGED PARTICLE IN A MAGNETIC FIELD

Moving charges produce a magnetic field. An electron moving through a magnetic field will therefore
experience aforce.

Considering that the direction of movement of electron is opposite to the flow of conventional current,
the direction of the force on the charge can be predicted using Fleming’s left hand rule to be
downward as shown



Direction of
electron

Direction of
magnetic field

FORCE BETWEEN PARALLEL CONDUCTORS CARRYING CURRENT

Two paralel aluminium foil strips attract each other when current is flowing through themisin the
same direction and repel when the current is flowing in the opposite direction.

The magnetic field patterns are as shown below,

Field weaker

Current down

X — Neutral point

The fields between the strips cancel each other, leaving aregion of zero resultant magnetic fields
called neutral point.

Thefield on the outside part of each strip act as a catapult forces, pushing the two strips towards each
other.

a.  Current in opposite directions
Current up Current down
Field weaker

Field stronger
Repelling forces

b. The magnetic fields between the two strips reinforce each other. The two strips therefore
are pushed away from each other.

Fleming’s left hand rule can be applied to the two situations above.
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If strip A istaken to produce the field, Fleming’s left-hand rule applied at B istowards A. If strip B is
taken to produce the field, the rule indicates that the force on A istowards B.

Magnetic field patterns of a conductor carrying current in the earth’s magnetic field

The earth’s magnetic field lines are taken to be parallel, except at the poles. The interaction of the
field due to the earth and that due to the conductor produces the pattern shown below,

Current

(&

The conductor thus experiences aforce
USESOF ELECTROMAGNETS
Electromagnets are used in various industrial and domestic instruments or devices such as;
I.  Electrical bell

An electric bell consists of a u-shaped electromagnet whose winding on one arm is opposite to that of
the other. A contact screw presses onto a soft iron strip, which acts as a spring. 1ts completed through
a battery and switch S.

Capa/citor
S d—

= —Steel spring

Soft Contact
ik J act screw
core T 1)]1{)

o]

I~

Soft iron armature

Hammer




When the switch Sis closed, the current flows through the circuit and the core becomes magnetised,
the electromagnet induces magnetism in the soft iron strip (armature), which is then attracted to the
poles of the electromagnet. The hammer attached to the armature thus strikes the gong.

The attraction of the soft iron armature separates the contacts breaking the circuit. The magnetismin
the core therefore dies off and the spring returns the armature to its original position. Contact is made
again and the processis repeated.

So long asthe switch is closed, the hammer strikes the gong repeatedly, making continuous ringing
sound. The steel spring and screw contact where the current is automatically switched on and off
constitute a make-and-break mechanism. The frequency at which the make and break takes placeis
controlled by the screw.

1.  Electric motor
An electric motor is a device that converts electrical energy to rotationa kinetic energy.

A simple direct current electric motor consists of insulated wire ABCD, which can turn about a fixed
axis and astrong curved permanent magnet to provide aradia magnet field as shown,

The current enters and leaves the coil through a split copper ring called commutator having two
halves P and Q insulated from each other. Carbon brushes press dlightly against the commutator and
are connected to battery terminals.

When the coil isin horizontal as shown above, and the current switched on, it flows through the coil
in the direction as shown. By Fleming’s left hand rule, side AB of the coil experiences an upward
force and side CD a downward force. Since the current in both sides is the same, the forces are equal
and opposite. Thisforces cause the coil to rotate in clockwise direction until it reachesits vertica
position with side AB up and CD down.

In this position, the brushes touch the space between the two halves of the split rings, cutting off
current flowing in the coil. Consequently, no force acts on the sides AB and CD. Since the cail isin
rotation, its momentum carriesit past this position and the two split rings exchange brushes. The
direction of current through the coil is reversed and consequently the direction of force on each side of
the coil changes. This processis called commutation.

Side AB is now on the right hand side and side CD on the left hand side. Side AB experiences a
downward force and side CD an upward force. The coil ABCD will continue rotating in the clockwise



direction so long as the current is flowing through it. The speed of rotation of the coil increases with
increase in the strength of the current flowing through the coil.

If the terminals of the battery are interchanged, the direction of current reverses and the direction of
rotation of the coil are reversed.

Sides AB and CD do nat experience any force because current in these sidesis parallel to the
direction of the magnetic field.

The simple direct current electric motor described is not powerful. It can be improved by;

a.  Winding the coil on a soft iron core. The soft iron core becomes magnetised and
concentrates its magnetic field in the coil.

b. Increasing the number of turns of the rotating coil.

Using a stronger magnet

d. Multiplying the number of coils and commuter segments.

o

HOOKE’S LAW



Materials are selected for particular uses depending on their qualities to withstand the forces they may
be subjected to. The following characteristics are used to describe materials;

.  Strength

Thisisthe ability of amaterial to resist breakage when under stretching, compressing or shearing
force. A strong material is one which can withstand alarge force without breaking.

. Stiffness

Thisistheresistance a material offersto forces which tend to change its shape or size. Stiff materials
are not flexible and resist bending.

1. Ductility

Thisisthe quality of amaterial which leads to permanent change of size and shape. Materials which
elongate considerably under stretching forces and undergo plastic deformation until they break are
known as Ductile materials e.g. plasticine, lead, copper and wrought iron.

Ductile materias can be rolled into sheets, drawn into wires or worked into useful shapes without
breaking. They are used in making such implements as stables, rivets and paper clips.

V. Brittleness

Thisisthe quality of amateria which leads to breakage just after the elastic limit is reached. Brittle
materials are fragile and do not undergo any noticeable extension on stretching, but snap suddenly
without any warning e.g. chalks, bricks, cast iron, glass and dry biscuits.

V. Elagticity

Thisisthe ability of amaterial to recover to its origina shape and size after the force causing
deformation is removed.

A materia which does not recover but deformed permanently is called plastic e.g. plasticine while
those that can regain their shapes once the force causing deformation is withdrawn are called elastic
e.g. rubber bands, springs and metal wires.

STRETCHING OF MATERIALS

The forces between the moleculesin a solid account for its characteristic elastic or stretching
properties. When a solid is stretched, the spaces between its molecules increase slightly. The tension
felt in astretched materia e.g. rubber band, is due to all the forces of attraction between moleculesin
it.

EXPERIMENT: Toinvestigate the stretching of a spiral spring

APPARATUS: A spira spring with a pointer attached to it, a metre rule, retort stand, two sets of
clamps and bosses, 20g masses.

Arrange the apparatus as shown,
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Note the position of the pointer when the spring is unstretched, or not loaded.

Suspend a mass at the end of the spring and note the new position of the pointer.

Increase the load in steps of 20g and record the reading of the pointer for each load as shown in the
table.

Unload the spring in steps and again record the pointer readings.

NOTE: Care should be taken not to use too heavy weights which would overstretch the spring.

Massonthe | Stretching Scale reading (Cm) F/e (N/m)
spring m force ioadi loadi Extension, g
(ko) F=mg(N) oading unloading mean m)

Plot a graph of stretching force (F) against extension, e

Observation

Provided the weights are not too heavy, the spring always returns to its original length on unloading.
Theratio of stretching force to extension is constant.

The graph of stretching force F against extension, eis a straight line through the origin as shown




Stretching force F (N)

Extension, e (m)

Conclusion
The extension, e, of aspiral spring is directly proportional to the stretching force F.
The same kind of result isabtained if a straight steel wireis stretched. If the stretching forceis
increased beyond a certain value, permanent stretching occurs. The graph of extension against
stretching force is as shown
A

Stretching force F (N)

0 P Extension, e (m)
Beyond point B, further extension causes permanent extension

HOOKE’S LAW
Thisisalaw relating the stretching force and extension. It states that for a helical spring or other
elastic material, the extension is directly proportional to the stretching for ce provided the elastic
limit isnot exceeded i.e.
Fooe
Hence F= Ke ( K isaconstant of proportionality and it depends on the materia of the spring)

The constant is also referred as spring constant
A

Force F (N)

1

1

: Change in
+ force AF
1
1
1
L}

Extension e (m)

The gradient from the figure above is the spring constant, whose units are N/m or Nm™.



The area under aforce against extension graph is equal to the work done in stretching the spring as
shown

Extension & (m)

Area under the graph = %2 Fe but f=Ke and K=F/e
Area=YyKe’
Hence work done =¥4K &

Examples

1. A massof 100g is suspended from the lower end of a spring. If the spring extends by 100mm
and elastic limit is not exceeded, what is the spring constant?

2. A metal cube suspended freely from the end of a spring causes it to stretch by 5.0cm. a 500g
mass suspended from the same spring stretches it by 2.0cm. if elastic limit is not exceeded;

i. Find the weight of the metal cube

ii. By what length will the spring stretch if amass of 1.5kg is attached to its end?

Compressing a spring
When the two ends of a spring are squeezed together, it shortens. Thereis changein length that is
referred to as compression. The spring on its part exerts a counter force which resists the
compression.

The variation of length against compression of a spring obeys Hooke’s law as shown
§

Length

E

Compression force

Beyond the point E, the turns of coils are virtually pressing onto one another and further increase in
the force achieves no noticeable decrease in length

Hooke’s Law applied to loading of Beams
(Experiment: 7.2: Toinvestigate the sagging of beams)
A graph of load against amount of sagging, X, isastraight line through the origin. This shows that the
sagging is in accordance with Hooke’s law.
Some material s regain their original shapes after being stretched, even though they do not extend
according to Hooke’s law e.g. rubber. Rubber stretches by a large amount for a small increase of force
but beyond a certain point tendsto stiffen up showing avery little extension with increase in force.
Brittle materials like concrete and glass exhibit easticity but suddenly snap without becoming plastic.
Materials like polythene and metal wires display elasticity, but go through plasticity before snapping.



Combination of springsin seriesand parallel
Series combination
K%K (K1 isone of the spring constants)
Ks=K4/n (where n is the number of springs)

Parallel combination
Kp=2K; (K, is one of the spring constants)
Kp=nK; (nisthe number of springs)

Example
A spiral spring produces an extension of 6mm when aforce of 3.0N isapplied to it. Calculate the
spring constant for a system when two such springs are arranged in (a) series (b) parallel

Waves
A waveis atransmission of adisturbance. Waves can be classified as;
a. Electromagnet waves
b. Mechanical waves

Electromagnetic waves
These waves do not require material medium for transmission e.g. radio waves, radiant heat, light and
microwaves

M echanical waves
They require amaterial medium for transmission. This transmission is effected by the vibration of the
particles in the medium e.g. water waves and sound waves.
M echanical waves can either be transverse or longitudinal

Transverse waves
The vibration of the particlesis at right angles to the direction of the wave travel e.g. water waves,
waves on a string and el ectromagnetic waves (light, radio and microwaves)
Formation of transverse waves on adlinky spring or arope may be used. The spring or ropeis
stretched along a smooth floor or bench top. One end is attached to arigid support while the other end
isheld in the hand. The end held in the hand is swung up and down at right angles to the spring or
rope as shown;

Wave movement
—_—

Hand movement Trough
repeated regularly

The displacement of an individual particlein relation to the direction of wave motion is as shown;
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Longitudinal waves
The vibration of the particlesisin the direction parallel to the direction of the wave travel e.g. sound
waves.
Formation of alongitudinal wave, a slinky spring may be used as shown;

Compression

Wave movement

-

Rarefaction Rarefaction

The continuous to and fro movements at one end result in the formation of sections of compression

aternating with rarefactions along the length of the spring.

The displacement of a particlein alongitudinal wave in relation to the direction of wave motionisas
shown

--_._.-_...__.,.,

—_—
Wave motion

The wave motion affects the inter-particle spacing. Particlesin the sections of compression are pushed
closer together while in those in rare factions are pulled dlightly farther apart.
Variation in inter-particle separation is accompanied by variation in pressure, so that sections under
compressions are at higher pressure while those under rare faction are at low pressure. This variation
causes the wave motion.

Progressive Waves
These are waves that move continually away from the source. They can be transverse or longitudinal.
For exampleif along slinky spring is continuously vibrated at one end, the waves move forward,
carrying the energy of the vibrations along its length. Also a stone dropped in awater surface, the
resulting water waves move outwards carrying the energy of the impact away from the source. As the
waves moves away from the source, the energy is spread over an increasing large area. This causes
gradual decrease in wavelength.

Pulses
A pulseis generated when a single vibration is sent through a medium. It can be transverse or
longitudinal in nature as shown;
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Note: Wave trains are generated as aresult of continuous vibrations at a constant rate in a medium.
The medium is distorted into repeated patterns of crests aternating with troughs for transverse waves
while for longitudinal wave train; the medium is set into repeated patterns of section of compression
aternating with those of rarefaction.

Char acteristics of wave motion
Can be explained with reference to the oscillatory motion of a mass attached to a spring or that of the

bob of a swinging pendulum as shown;
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(a) Mass oscillating on (b) Swinging pendulum

a spring

One compl ete oscillation occurs when the mass moves through positions N-M-L-M-N i.e. when it has
returned to its starting position and is moving in the same direction.

NOTE: M-N-M is not a complete oscillation. This is because although the mass has returned to its
starting position, it is moving in the opposite direction.

For the pendulum, the bob makes a complete oscillation when, after an initia displacement to say,
position X, it swings through X-Y-Z-Y-X as shown above.

If the mass takes 2 seconds to a complete oscillation, a sketch of displacement-time graph for the
motion will appear as shown

\/ - W e 0

Thefollowing terms ar e associated with waves,
1. Amplitude
The amplitude A of awave isthe maximum displacement on either side of the mean position. S.I unit
ismetre (M).
LM or MN and XY and Y Z are the amplitudes of the waves.

Displacement

2. Frequency
The frequency f of awave isthe number of complete oscillations made by a particle in one second.



The S.I unit of frequency isthe hertz (Hz) or cycles per second.
3. Period
Theperiod T of oscillation is the time taken by a particle to complete one oscillation.
The S.I unit of period is seconds (S).
In the figure above, the particle takes 2 seconds to go through one compl ete oscillation and its period
therefore 2 seconds.

F= 1/3'“ and
T=1/f=1/2=05Hz

4. Wavelength A
A transverse wavetrain viewed from the side would give a displacement-position graph as shown
below;

A
Wavelength, A

)D/\ /\
! I C 1 ] 1 -
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E F

The wavelength, A is the distance between two points on awave train which are in phase. Also
defined as the distance between two successive crests or troughsin atransver se wave or the
distance between two successive rar e factions or compressionsin a longitudinal wave.
Wavelength is measured in metres

Distances AC, BD and EF are all equivalent to one wavelength.

B

Displacement (m)
>

5. Speed
The speed V isthe distance covered by awave in one second. Its S.I unit is my/s.

Relationship between speed, wavelength and frequency
Suppose the period of a wave is T. Then, the distance covered in time t is A,

_distance
time

i —
= but T=

i
4

s

11 =i

A
Thisimpliesthat velocity, V =Af
NOTE: While the rate of vibration of the source determines the frequency, the speed in agiven
medium is constant.
From V =Af, anincreasein frequency resultsin a decrease in wavelength.

Examples
1. Waveson aspring are produced at the rate of 20 wavelengths every 5 seconds.
a. Find the frequency of the wave motion



b. If the wavelength of the waves is 0.01, find the speed of the wave.

c. Findthe period of the wave
no.of complete wavelengths
time taken

a Frequency =
20

=—=4Hz
5

b. V=Af
V=4x0.01
=0.04m/s

Tz% =1/4 =0.25 seconds
A water wave travels 12min 4 s. If the frequency of the wave is 2Hz, calculate;

The speed of the wave
The wavelength of the wave

TN O

V=12/4=3mls
F=v/A =3/2=1.5m
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Mor e Examples and exer cises

Sound
Sound originates from vibrating bodies. The nature of these vibrations determines the type of sound
produced.
The vibrations may be felt or seen e.g. when astring of a guitar is plucked or when atuning fork is
struck. In some cases, the vibrating origin of sound may not be felt or seen.

Sour ces of sound
Vibrating wooden strip
Vibrating wire
Vibrating drum
Tuning fork
Vibrating air columns
Air siren

ok wdPE



Cog wheel and card

Voice box (larynx)

L oudspeakers

10. Cell phone or telephone membrane

© © N

Propagation of sound energy
Sound waves from vibrating prongs of atuning fork produce compression (areas of high pressure) and
rare faction (areas of low pressure) of air molecules as shown,

Longitudinal

Rarefaction ~ 9'SPlacement
of air molecules

Compression

Asthe prong or the tuning fork moves from A to B, it compresses the air molecules, transferring
energy to the molecules in the direction in which compression occurs.

A high pressure region is thus created. Thisleaves aregion of low pressure (arare faction) on the left
of A. The prong moves back to A and then to C and the processis repeated.

A series of compressions and rare factions are thus produced transferring energy to the air particles
(molecules) to the left and right. The energy transfer aternates in the direction just as the motion of
the prong.

A progressive sound wave in air may be described as atravelling pressure wave as shown,
[' Pressure

change ! ,

f A Max. pressure
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Sound energy moves forward in the medium without net forward movement of the medium.
Thedirection of vibrations of the particlesis parallel to the direction of the sound energy. Hence,
sound wave is alongitudinal wave

To show that sound requires a medium for propagation
Set the apparatus as shown,
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Switch on the current to make the bell ring continuoudly as air pumped slowly out using the vacuum
pump.

Observation
The intensity of sound diminishes asthe air in the jar becomes less.

Explanation
The sound grows faint because the jar is deprived of air. A vacuum does not transmit sound and the
little sound that reaches us does so only through the connecting wires, rubber and the walls of thejar.

Factor s affecting velocity of sound in air

In normal conditions, the speed of sound in air is about 330m/s. This speed is however dependent on;
1. Temperature
Sound travels faster in hot air than in cold air.

2. Humidity of theair
The velocity of sound in air increases with humidity.

3. Wind
Wind blowing in the same direction as sound increases the vel ocity of the latter.

Sound transmission in solids, liquids and gases
To show that solids transmit sound ener gy
Set the apparatus as shown,
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Hold the tray boxes so that the string istaut. Let one student speak at end A as another listens at end
B. Note what happens

Observation
When the student speaks at one end softly, the other student hears clearly.

Explanation
Sound travels through a solid medium

Generally, solids transmit sound at a speed of 6,00mV/s. This velocity varies from solid to solid
depending on the density of the material. Denser solids transmit sound faster.

In addition to gases and solids, liquids a so propagate sound energy. A swimmer easily hears sound of
water waves when underneath the water and fish similarly respond to sounds produced in water.
Liquids transmit sound energy at different speeds depending on their densities. The velocity of sound
in fresh water is 1400m/s and in salty water is 1500my/s.

Gases transmit sound sowest, while solids transmit sound fastest.

Properties of sound waves
Reflection of sound

When a sharp sound falls on an obstacle, it is reflected. Reflected sound is called an echo.
Reflected sound is more pronounced from hard surfaces such as wood, stone walls and metal surfaces.
Reflection from liquid surfaces is considerably weaker.
In some halls, sound waves are reflected from the walls, floor and ceiling. Since the echo timeisvery
short, the echo overlaps with the original sound. The original sound thus seems to be prolonged, an
effect called rever beration.
Surfaces of materials such as cotton wool and foam rubber absorb most of the energy of incident
sound waves. Because of this property, such materials are used in places where echo effects are not
desirable. The walls of broadcasting studios and concert halls are thus made of absorbent materials.

To demonstratereflection of sound
Apparatus. Two plastic tubes, aticking clock, a smooth hard wall
Procedure; Place the clock near the end of one of one of the tubes as shown
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Point the open end of the tube towards a hard wall at an angle of incidence, i.
With the ear close to the end of the second open tube, listen to the reflection of sound from the wall at
different angles of reflection, r and note the angle at which the reflected sound is loudest.

Observation
The maximum loudness of the reflected sound occurs when;
i. The angle of reflection, r isequal to the angle of incidence, i.
ii. Both tubes and the normal to the reflecting surface lie in the same plane.

Conclusion
Sound waves obey the laws of reflection.

Applications of reflection of sound
Deter mination of the speed of sound

4

-

The echo from one tap coincides with the sound from the next tap, the time taken to make atap after
the proceeding one equals the time taken by sound to travel from the observer to the wall and back.
If the distance between the observer and the wall is d metses, the number of tap intervals n and the

. .t
time t seconds, the sound travels 2d metres in = seconds.

distance travelled

Hence, speed=

time taken

2d
V=

n

2nd
VzT m/s

Pulse-Echo technique
The pulse-echo technique involves measuring distances by producing sound of known speed and
measuring the time taken to receive the echo.
Sound of frequency of over 20 kHz (ultrasound) is used, because it penetrates deepest and can be
easily reflected by tiny grains.
The distance of the reflecting obstacle from the source of sound is then calculated using the formula;

Distance, d = speed of sound x ¥ (time taken)
Thistechniqueisused in shipsto determine the depth of the sea.
Thetechniqueis also used;
i. In under-water exploration for gas and oil.
ii. In fishing boats with pul se-echo equipment to locate shoals of fish.



iii. In special types of spectacles used by blind peopleto tell how far objects are ahead of
them. The spectacles have transmitters that emit ultrasound and receivers that collect the
echo and convert them into audible sound.

Bats use echoes to detect the presence of obstaclesin their flight path.

Examples

1. A discsirenwith 100 holesisrotated at constant speed making 0.20 revolutions per second. If

air is blown towards the holes, calculate;

The frequency of sound produced

The wavelength of sound produced, if velocity of sound in air is 340my/s.

A cog wheel rotating uniformly produces sound of wavelength 1.65m. if it makes 10

revolutions per second, find the number of teeth on the wheel, given that the velocity of sound

inairis330m/s.

3. Two boys stand 200m from awall. One bangs two pieces of wood together while the second
starts a stop-watch and stops it when he hears the echo. If the time shown on the stop-watch is
1.2 seconds, cd culate the speed of sound.

4. The speed of sound in air is 340m/s. A loudspeaker placed between two walls A and B, but
nearer to wall A than wall B, is sending out constant sound pulses. How far is the speaker
fromwall B if it is 200m from wall A and the time between the two echoes received is 0.176
seconds?

5. Two people stand facing each other 200m apart on one side of a high wall and at the same

perpendicular distance from it. When one fires a pistol, the other hears areport 0.6 seconds

after the flash and a second sound 0.25 seconds later. Explain this and calculate;

Thevelocity of soundin air

The perpendicular distance of the people from the wall.

a. The speed of sound at the top of Mount Kenya s less than the speed of sound at Mombasa

Explain this observation.

b.A girl is 120m away from a high wall. She claps two blocks of wood at a constant rate such

that 40 claps are made in 30 seconds. If each clap coincides with the echo of one before,

determine the speed of sound

N oo
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Fluid flow
A fluid refersto both gases and liquids. A fluid flows as aresult of pressure difference.

Types of flow
1. streamline (steady) flow

If al the particles passing through any given point in afluid have the same vel ocity, they trace same
path called theline of flow as shown,

Particle Line of flow

A streamlineis a curve whose tangent at a given point is along the direction of the displacement of the
fluid particle at that point as shown



Tangenit in the direction of
the velocity of the particle

) -~
Vg \
Streamline Vg
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2. Laminar flow
A moving fluid has many streamlines or layers. The flow islaminar if the particlesin a given

streamline or layers have the same velocity, which may be different from other particlesin the
adjacent paralel layers as shown,
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Effects of aruler on streamlines
Study the figures shown below,

-—-p—_.Dlrechon of motion
Streamlines

Ruler
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Direction of motion

w

The streamlines are as shown above. With the flat side of the ruler, more effort is required to move the
ruler than when it is moved with its sharp edge cutting through the water. Ripplesare set up in the
water, which tend to follow the ruler asit moves.
This breaking of streamlinesinto ripples (disorderly flow) isreferred to as turbulent flow, i.e, flow in
which the speed and direction of the fluid particles passing any point vary with time. The ripples or
eddies have a drag effect on the object moving through the fluid.

Effects of various shapes on streamlines

(a)
Direction h—'_//'/r-—-—r—]_—-—f»_:—r\ - Streamilines
_h\B — evenly

of motion
———— distributed
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(D)Di rection ﬁ
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of motion




In shape (a) requires little effort to move and has no eddies behind it. Shape (b) requires more effort
than (&) and gives rise to more eddies than (c). Shape (c) requires more effort than (a), but less effort
than (b).

Shapes designed for streamline flow
Shapes suited to streamline flow are designed in such away that they easily cut through fluids and
reduce the formation of eddies behind them. This reduces resistance to their motion e.g. a moving car,
jumbo jet et.c.

m Moving

—

Other streamlined bodies include ships, submarines and rockets.
There are aso bodies that are naturally streamlined e.g. birds, fish e.t.c.

Effects of speed of flow on streamlines
The set up below can be used to study the effect of speed of flow of streamlines,

Gilass
tank

Reservoir A contains potassium permanganate solution, which is released in controlled amounts into
the water flowing through acylindrical glassjacket C by afinejet B. The speed of water through Cis
varied by the clip D. If asmall amount is allowed to flow out through D, a fine coloured streamis
observed along the tube C, indicating a steady flow.

but when alarge amount of water is alowed to flow out, the velocity of water in the tube increases
rapidly and this breaks the coloured stream, indicating that turbulence has set in.

Summary
i. Streamlined bodies do not affect the distribution of the streamlines behind it.
ii. Non-streamlined shapes produce eddies (turbulence) which offers a drag on the moving
shapes.
iii. Streamlines do not cross each other but are closer together where the water is moving
faster.
Note: Turbulence setsin when the fluid flow is beyond a certain velocity known as critical
velocity.

TUBE OF FLOW
It is possible to define boundaries to a set of streamlinesin afluid flow. If the boundaries
encompass atubular region, then the resulting section is called a tube of flow as shown,
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The equation of continuity
In deriving the equation of continuity, the assumptions made are that, the fluid is;
i. Flowing steadily
ii. Incompressible, i.e, changes in temperature produces insignificant change in density.
iii. Non-viscous

Definitions
1. Volumeflux (flow rate)
The volume flux is the volume of afluid passing through a given section of a tube of flow per unit

time as shown,
Region W

From the figure,

Volume flux = area of cross section x distance

=A,xd,
. displacement _ dx
But velocity V, =—P—<Te %
time t

Hence, velocity V, = d, since t= 1 second

Thus volume flux = A, x d,
The S.I unit of volume flux is m%s or ms*

2. Mass flux

.. Mmass
DenSty_votume

mass= Density x volume
Hence mass flux = Density x volume flux
:eXAXVX

=AXVXB
The unit of mass flux is kg/s or kgs™
Mass flux isthe mass of the fluid that flow through a given section per unit time.
Sincethe fluid isincompressible, the mass of the fluid entering region X is equal to the mass of the
fluid leaving region W with the same period, i.e., massis conserved

Mass flux at W = mass flux at X
AV =ANV,¢



Hence, A,V = AV
Thisisthe equation of continuity. A,V,, or A,Viscalled the flow rate and is constant

Areax velocity = constant

AV =K
Therefore it can be deduced that for non-viscous steady flow, the area of cross-section of the fluid is
inversely proportional to the velocity of the fluid.
The speed of the fluid increases when it flows from a pipe of big cross-section areato asmaller one
and vice versa as shown

Turbulence

N _ BN

1 -
=) s —t - —
s 7
Az I
v =v, when A, = A, Az
N y
b) {“ j ~— e ,“ /; g
- \\L_ .
! Al
vy = vo when A ; = A, 2
Examples

1. A lawn sprinkler has 40 holes, each of cross-section area 2.0 x 10 cn?. It is connected to a
hose-pipe of cross-section 1.6 cn’. If the speed of the water in the hose-pipeis 1.2m/s.
Caculate;

a. Theflow ratein the hose-pipe

The speed at which water emerges from the holes

Solution
a. Flowrae=AV
=16x10*x 12
=1.92 x 10*m¥s
b. AVi=A,V;
40x 2x 10%x 10*xV; =1.6 x10* x 1.2
Vi=2.4m/s

=

2. Water flows along a horizontal pipe of cross-section area 40cm? which has aso a constriction
of cross-section area 5cm?. If the speed at the congtriction is 4m/s, calculate;
a. The speedinthewide section
b. Themass flux (density of water = 1000kg/m°)
Solution
a. AVi=AV;
40x10*xV =5x10"x 4
V=0.5m/s
b. Massflux =ex AV
=1000x 5x 10* x 4
=2kg/s



3. 250cm? of fluid flows out of atube, whoseinner diameter is 7mm, in time of 41seconds.
What isthe average velocity of the fluid in the tube?

A =Mr*=3.142 x (3.5 x 10°)?

=3.85 x 10°m*
_volume _250x10-6
Volumeflux = e

=6.008 x 10°

But volumeflux = AV
6.098x 10° =3.85x 10°m?xV

V =0.158m/s
4. Thevelocity of glycerinein 5cm internal diameter pipeis 1.0m/s. Find the velocity in a3cm
interna diameter pipe that connects with it, both pipes flowing fully

A1V1: A2V2
3.142x (25%x10%)%*x 1=3.142 x (1.5 x 10%)*x v

V=

BERNOULLI’S PRINCIPLE
The pressure of afluid at rest in auniform tube is the same at all pointsin the tube. However,

if the fluid flows, the pressure will vary from point to point as shown,

+

1,1

Pressure

"
nhithy

W
11

fr—
i

Distance

-

b=
=
gg-—_____________
o

o

"
1

1
lIl

o
—

Distance

II‘
]

(b) Ligquid in motion



A pressure gradient is needed to make a liquid flow through a pipe. The cause of the pressure
differenceis the friction between the liquid and the walls of the pipe.

Relationship between speed of water and the pressureit exerts

Water in

AN

NN

Cork —

Thelevel in manometer B is lower than the levelsin other tubes.

Explanation
Pressure in the stationary fluidsis given by pressure = heg (¢ is density). Hence, the pressure exerted
by the fluid in the narrow constriction islower than that at X and Z. It isalso dightly lower at Z than
a X.
Ve ocity aso in the narrow constriction is higher than that at wider sections. Thus, the higher the
speed of the fluid the lower the pressure it exerts. Thisrelation is known as Bernoulli’s effect, which
is stated as provided a fluid is non-viscous, incompressible and itsflow streamline, an increasein
itsvelocity produces a corresponding decreasein the pressureit exerts.

Bernoulli’s effect in air
1. Some books are arranged on atable and a piece of paper placed on them.
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When air is blown into the channel made by the books, the pressure under the paper decreases
and the atmospheric pressure acting on top of the paper presses it down. The paper thus
curves downwards.
The pressure in the channel decreases because the velocity of air in the channel increases.
2. If alight paper isheld in front of the mouth and air blown horizontally over the paper, it will
be observed that the paper getslifted up.
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Initially, part of the paper suspended because its wel ght and the atmospheric pressure acting
on the two surfaces balance. When air is blown over the paper, its velocity gets higher than
theinitia state when air is stationary. Increase in velocity causes a corresponding decreasein
the pressure being exerted on the top side of the paper. The atmospheric pressure acting
underneath becomes higher and produces the force that lifts up the paper.

3. If two pieces of paper are held close to each other and air blown between them, the two
papers close in towards each other. The moving air between the paperslowersthe pressure it
exerts on their inner surfaces. The higher atmospheric pressure acting on the outside surfaces
causes the papers to move closer to each other.
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The same effect is observed when air is blown between two suspended pith balls.
4. Thespinning ball
When atennis ball of negligible weight is moving through still air with a constant speed, the
streamlines around it are uniformly spread as shown,
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The direction of the streamlinesisin the direction of the relative motion between the ball and
air.
If the ball isnow made to spin asit moves, it is moved to curve out of itsinitia path. Asthe
ball spins, it drags air along with it, which opposes the relative motion on one side of the ball.
This causes areduction in the relative speed and the streamlines are spread as shown,

On the opposite side, the dragged air isin the direction of the relative motion, resulting in an

increase in speed and consequential decrease in pressure. The pressure difference on the two

sides of the ball produces aresultant force that causes the ball to curve out of itsinitial path.
5. Liftingalight ball using afunnel



The streamlines as air is blown down the narrow section of the funnel are very close to each
other, signifying high velocity and therefore low pressure. When streamlines emerge into the
wider region, they spread, signifying reduced velocity and therefore high pressure. The high
pressure below the ball (atmospheric pressure) lifts the ball up the neck of the funnel as
shown,
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BERNOULLI’S EQUATION
Bernoulli’s principle can be expressed as an equation.
Consider aliquid of mass m flowing through a pipe with velocity V. Let the pressure at a
given point be P,

. . . 2
Then, kinetic energy per unit volume = % but e =%

Hence kinetic energy per unit volume = % eV/*

Similarly, potential energy per unit volume =—%m bute= %

= egh
Bernoulli found that if the liquid isincompressible, non-viscous and its flow streamline,

P+ Y% eV? + egh =constant
That is, the sum of pressure, kinetic energy per unit volume and potential energy per
unit volumeisa constant. This is Bernoulli’s Principle.

Applications of Bernoulli’s principle
1. TheAerofail
Thisisastructure constructed in a such away that the fluid above it moves with a higher velocity
than that flowing below as shown,

High velocity, low pressure
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Aircraft wings and helicopter rotor blades are examples of aerofoils.

Because the fluid flowing above the aerofoil has to travel alonger distance than that flowing below, it
hasto travel at ahigher speed (low pressure) compared to the low speed (high pressure) underneath.
The pressure difference (P, — P,) givesrise to the lift of the aerofoil, called the dynamic lift. The force
of thelift isgiven by F = (P; — P,) A where A isthe area of the aerofoil

2. Bunsen burner
When a gas is made to flow into the Bunsen burner from the gas cylinder, its velocity isincreased
when it passes through the nozzle. Because of the atmospheric pressure outside the barrel, air isthen
drawn in as shown,
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The air and the gas then mix as they rise up and when ignited, aflame is produced.

3. Spraygun
The figure below shows a hand spray gun
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When the piston is moved forward, air is made to flow through the barrel, some of it going down tube
A and the remainder blowing past the mouth of tube B, where it causes low pressure. Because of
increased pressure on the surface of the liquid and reduced pressure at the mouth B, theliquid is
compelled to move up tube B and blown to the nozzle by the air from the barrel.

The velocity of theliquid isincreased as it passes through the nozzle because of reduced cross-section
area. Theliquid thus emerges as afine spray.

4, Thecarburettor
Due to action of the engine pistons, air is drawn into the venturi as shown,
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The fast moving air causes low pressure above the petrol pipe. Petrol is drawn into the venturi due to
low pressure in the venture and atmospheric pressure in the float chamber. The mixture of air petrol is

thus drawn into the cylinders for combustion.

Flow meters
1. Venture meters
A device used in measuring the volume flux of afluid.

2. Pitot tube
It is used for measuring velocity of a moving fluid.

HARZADS OF BERNOULLI’S EFFECT

1. Blowing off of roof-tops
The air flowing over aroof-top has a high velocity compared to the one flowing underneath.

Consequently, the pressure acting on the roof from underneath will be higher than that acting from
above. Hence, the roof is blown off.
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2. Road accidents
A small car travelling at a very high velocity islikely to be dragged into along track travelling in the

opposite direction, also at high speed.
Thisis because the air between them moves with very high speed, reducing the pressure between
them. The atmospheric pressure acting from the sides of the two vehicles will push them closer

together, increasing chances of an accident.



Examples
1. Water with negligible viscosity flows steadily through a horizontal pipe of varying cross-
section area. At the A of cross-section area 10cm?, the veloci ty is0.2m/s. Calculate the
velocity at point B, of cross-section 2.5cm?.
2. Water flows steadily along a horizontal pipe at avolume rate of 8 x 10°m?/s. If the area of
cross-section of the pipe is 20cm?. Calculate the velocity of the fluid.



