PHYS 418 - 2018-2019
MATERIAL ADAPTATION AND DEVELOPMENT IN PHYSICS EDUCATION

a. Pendulum
a. Calculation of period

A string with a mass at the end which is free to swing is called a pendulum.

The motion of the mass from its extreme position A to C and back to A is called an oscillation. The
time taken to complete one oscillation is called the periodic time of the simple pendulum. It is
sometimes also called its period and is denoted by T.

T~ s
TN

The Period of the pendulum T is related to the length L by the relation
L UNITS:
T= 21‘{\[ .
g T in seconds

Question: Take g=10 m/s?and Pi: 3, calculate the period of a pendulum with length 1.6 m.

b. Calculation of frequency

1 UNITS:
f =— T in seconds

fin Hz (s)

Question: Calculate frequency of a motion which has a period of 4 seconds.

Activities with BICYCLE

b. Circular motion

Question: How can use bicycle to teach circular
motion? Explain.
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Calculation of circular velocity

Circular motion:

Motion of a body along a
circular path is known as
circular motion.

Uniform circular motion:

Motion of a body long a
circular path with the

constant speed is called
uniform circular motion

Question: Explain circular motion and uniform circular motion.

Circular acceleration

a. Calculation of circular acceleration

The centripetal force ~f i vV
‘acting on a body of mass - m
moving in a circular path is
given by,

Iﬂ\«’2
g Y
r

| centripetal acceleration: |

Question: If an object has a velocity of 5 m/s? and a radius of 2 m making circular motion,

i. calculate its centripetal acceleration
ii. Ifthe mass of the object is 5 kg, calculate its centripetal force.

i.  Friction
Question : How can you use bicycle to teach friction force? In which parts of bicycle there are
frictions?

a. Direction of friction between tires and ground

2\
N

W/ . Brakes
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j. Torque
When you apply force on the pedal you produce torque on the front gear. This
Chain Tension

J—L Pedal Force

A

front gear

a. Calculation of torque
Torque (z, Greek letter, tau) is the turning effect of a force. It depends on the magnitude
of the force, F, and the perpendicular distance between the point of rotation and the line
of action of the force, r.

I Perpendicular distance
from turning point to the force

- = N

T=Fxr A 2 B
o \
v F1 Turning Point "Fz

Fulcrum (Pivot)

If the angle formed between the line joining the point of rotation to the point of
application of the force and the line of action of the force is #, then » may be expressed
in terms of this angle and the distance, 7, between the point of rotation and the point of
application of force as rperpendicuiar = 1 sin 0. Therefore we may also write the following
expression for the torque:

Multiply magnitude of Fby r .

r‘
pivot C\

)

. g : . =
// “+» line of action of F

lever arm: %

perpendicular distance from line of action of force to rotation axis (pivot)

Problem

The length of a bicycle pedal arm is » =0.152 m, and a
downward force of /=111 N is applied by the
foot.

What is the magnitude of torque about the pivot point
when the angle 0 between the arm & eﬁ\cal is;
30.0°?
90.0°?
180.0°?
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Question: Show on the picture: where are the friction forces?

a.Gravitational force
b.Normal forces
c.Torque

d. Frictional forces
tension force

Air

k. Angular momentum with bicycle
Question : How can you use bicycle to explain angular momentum?

Get the wheel spinning, then hang the wheel from the axle
with a rope. Hold the wheel so that the axle is horizontal,
then release it. The axle will remain more or less horizontal
while it moves slowly in a circle. A rotating bicycle wheel
has angular momentum, which is a property involving the
speed of rotation, the mass of the wheel.

l.  Electricity production from bicycle dynamo

Question: How can you produce with a bicycle?

Wheel rubs against the tyre
to make the magnet turn

Dynamo

Magnet

Coils of wire

Wire going to lamp
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m. Colour disc

White light is composed of all the spectral colors, when rotating the colours on a disc, all the
colors will be observed in white color.

Question: How can you use a bicycle for getting white colour from the mixture of seven
colours?

n. Newton’s laws
Question: State the Newton’s three laws. How can you explain newton’s laws by a

bicycle?

First Law
Objects at rest remain at rest and objects in
motion remain in motion in a straight
line unless acted upon by an
unbalanced force.

Second Law
Force equals mass times acceleration
(or f = ma).

Third Law
For every action there is an equal and
opposite reaction.

iy

Forward forces

-

Opposing forces
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Activities with an EGG
Question: How can you explain:

a. Newton’s 1°' law with eggs?
1.Place the egg on a flat surface and spin it. 2. Gently and briefly place your finger on the
top center of the egg.

1.What happened to the egg after you try to stop it from spinning? 2.What do you think is
the reason why the egg kept on moving after you try to stop it?

Ans: the egg kept on moving even after you try to stop it, is because of INERTIA

¢

BOILED

How to tell If an egg Is boiled How to tell If an egg Is bolled

b. Density and floating?

wou H

ut:u WATES BALT WATER FHESH : GHLT WNTLRE

Activities with magnets and iron filings

a. Magneticfield lines around a bar magnet

g. Making a magnet

Magnetic materials such as iron, nickel, cobalt and alnico can be tumed into
magnets by the methods of stroking, contact, induction and electrification
Magnets produced by these methods are called artificial magnets

Figure 2.99
-— —_—
-— Iﬁ

Figure 2.100 Unlike poles altract each other. Figure 2.101 Like poles repel each other
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@cﬁ\'“y Observing magnetic field lines

Materials: A bar magnet, a sheet of clear glass, two similar books and
tron filings.
Procedure: Place a bar magnet under the glass Use the books to

suppott the glass as shown Sprinkle iron filings over the glass and tap it
gently The iron fillngs arrange themselves along the magneti field lines.

Sketch this pattemn on a sheet of paper Do the magnetic field lines cross
each other? Where do the filings concentrate most?

Magnetic field lines between like and unlike poles

When two unlike poles are placed face to face, they attract each other The magnstic field lines follow the paths from
the N pole of one magnet to the S pole of the other as shown in the figure 2 106.a and 2 107 a

However, when two like poles face each other, a repulsive force occurs between the magnets. At the midpoint between
the poles of the magnets, magnetic forces are equal but act in opposite directions, so they cancel each other out This
is shown In figures 2 106 b-c and 2 107 bc.

a) b) c)
» = - - i.i f ¢ \Ny
", i == b A ot 1 A ® = ‘\‘ IR & e
= —~ / - - ]
- o D e A e
il . - ] i -~ r' \ [ ""'!
1 -~ r = -~ |
» N o 1\ 4 44 -
- i 1 fuh
i T

Figure 2.107 lllustration of magnetic field lines between the poles of two bar magnets.
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e. Compass

A compass I8 a device which indicates direction [t
has been used for thousands of years by travellers

A compass mainly consists of a magnetised plece
of steel, called a needle, and a scale indicating
directions. The needle is supported by a pin
through its centre so that it can turn freely A
compass is shown In figure 2 110

Making a compass from a needle

Question: How can you make a needle a magnet?

ty

Figure 2.116 Magnretising a needle

using the stroking method

@cii"viiy

Materials: A sewing needle, a magnet, acork,
a container full of water

Procedure: Magnetse the sewing neede by
stroking it many times with the magnet

Place it on top of the cork on the water as shown
in the figure The needle points roughly in the
north-south direction. This Is a simple water
compass.

Question:

Figure 2.1089

Water compass

How can you show that magnetic field can pass from air, glass, water, wood, glass and oil?
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Does magnetism pass through everything?
The magnetic field lines can pass through materials such as air, plastic, glass, wood, concrete, paper, water and so on.
Carry out the followming activity to observe this fact

@cﬂv“y Magnetic fisld

Materials: Abar magnet, a sheet of cardboard (or wood), a glass of water, .-~ —-

pins e
Procedure: Scatter the pins on the cardboard and bring the magnet close '=':'—'J - t
to them from under the cardboard. Do the pins move towards the magnet? | ..~ il |

Mow put the pins In the glass filled with water Bring the magnet close to the
pins outside the glass. Move the magnet up and down Do the pins move
towards the magnet?

Question:
o
u Example 2.10 Spead of light
If we put a compass at the points X, Y, Z and T, what will the postion of i """
the compass' needle be? @ (‘]
X)) CEET
5 ' (&9
First we should draw the magnetic field lines Like poles repel each other so the magnets' N pole repels the

N pole of the compass. The compass' needle aligns itself in

around the magnet
the direction of the magnetic field lines as shown below

[ o
‘}' / o \ Ty ‘_k e W/
- G @—_®

TAN - W
¢ - %,
( i 6

Magnetic field lines around a U magnet
Question:
Why do we use U magnet?

U magnet

If a bar magnet Is bent as shown, a U shaped magnet can be obtained The
magnetic field between the arms of a U-magnet is uniform, its field lines are
arranged in straight lines as shown in Figure 2 115

AR IRER N AL
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Questions

Answer the test questions

1.

Which of the following is a magnetic material?
A) sewing needle B) glass
C) copper D) wood
Which one of the statements below is incorrect?
A) Like poles repel eac h other

B) Unlike poles repel each other

C) A magnet has two poles.

D) Magnetic force Is stronger at the poles

At which point around the magnet Is the magnetic
force the lowest?

A) X B)Z aQy D)T

What will the direction of the
compass needle be iIf I is placed
between the arms of the U-
magnet in the figure?

A) B) &) D) ~
~RORONC
Which of the following figures cannot be obtained

with bar magnets?

Q)

T = A Ll

8. Draw the magnetic field lines between the magnets
when they are placed as shown below

a) [
by ENEEE]
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Activities with a thin wire-telephone wire

a. Magnetic field around a wire

Aim: To observe the magnetic effect of el
electricity 3

Materials: A switch, conducting wires, a
compass, a battery

Procedure: Set up a circuit including a
switch, conducting wires and a battery as
shown In the figure. Let the compass lne up
in the north-south direction. Place the wire
on the compass parallel to the compass
needle as shown Now press the switch for 3 to 5 seconds What do you observe when the current Is on?

Discussion: Does the deflection depend on the amount of current?

2.6 ELECTROMAGNETISM
a. How can we obtain magnetism from electricity?

Before the 19 th century electricity and magnetism were thought to be
different phenomena In 1819 a Danish physics teacher named Oersted,
observed that the needle of a compass placed near an electric wire deflected

when a current flowed through it After some experiments, Oersted concluded Figure 126 |llustration of magnetic
that an electric current passing through a wire produces a magnetic field in field lines around a current carrying
the space around it Let's carry out the experiment Oersted first performed, wire

b. Making an electromagnet

What is an electromagnet?

Aniron bar cannot deplay magnetism. But if a plece of irsulated wire
is wound around it and the wire |s connected to a baltery, It displays
magnetism M and 5 poles form at s ends as in a magnet This s
ihustrated In figure 2 127, It can attract all magnetic materiaks such as
iron filings and needles. it can also deflect the nesdie of a compasa
This kind of magnet produced by electricity i= called an
electromagne!, and this method of prodicing magnebism uw=ing
electncty is called electromagnelis m

Materials: Some Irsulated wire, an Iron nall, a battery, s
pins, a compass

Procedure: Wind the wire many tmes around the nail = - THN
Connect the encdz of the wire to the battery az shown in | - -3

the figure Mow, you have an electromagnet, try to pick = b il
pins and iron nails up with it Bring a compass near the o -
ends of the nall and determine the poles of your magnet ,.'.‘".I i B

Mow, remove the battery and add more tums to the nail 3 W A iy

Connect the wire to the battery £k ” l |
Discussion: What happens when the current s off, "g 1

does it attract the pins? What happens to the magnet @
when you add more turns?
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c. Making a solenoid
A solenoid is a coil of wire as in the picture below. When you sent a current through the wire

you get a concentrated and almost uniform magnetic field inside the coil. Outside the
solenoid the magnetic field is not strong as inside.

d. Electromagnetic field inside a
solenoid

ﬁ%

——

SRS —
R~ f

An activity with an insulated copper wire

a. Making an electric motor

b. What is the motor effect?
We have learned in the previous chapter that a current fliowing through a wire produces

a magnetic field around & What happens if this wire iz brought near to a magnet? {"'f_ -
When a c urrent carrying wire & placed inside a magnetic field, a magnetic force acts on g—Lg
the wire. This Is called the motor effect. It is pulled In or pushed out of the magnet —

depending on the directions of both current and magnetic field The figure to the right Flgur;n 138
shows the direction of the force, with respect to the ghen current and magnetic field g
directions The expermental set-up below shows us how to obsemnve the motor effect

Figure 2.119
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Turning effect on a coil: Electric motors

A coll of wire Is placed within a magnetic field and a current is sent around the
coll. Each side of the coll experiences a motor effect. The direction of current
on each side of the coil flows in the opposite direction therefore an upward
force acts on one side and a downward force acts on the other side of the colil
as shown in figure 2.142. Two forces acting in this configuration is called a
'couple' and t causes rotation by acting upon the coill Thus, the couple
causes the coll to rotate.

Figure 2.142

Electricity production with an electric generator

What is a generator?

A generator is a device which produces electricity Figures 2.142-144 show
some examples of generators Electricity generators are divided into two groups

AC generators and D.C. generators
A.C. Generator

An A C generator includes a rotating coll between opposite poles of a magnet as
shown in Figure 2.155. Two slip—rings are connected to the ends of the coll and
two carbon brushes are in contact with the rings An altemating current is
Induced across the ends of the coll due to rotation An AC. generator Is also
known as an alfernator.

Figure 2.152 An artique Figure 2.153 _ J Figure 2.155 A model of
generator and lamp Acaralternalor  Figyre 2.154 A bicycle dynamo an afternating generator
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Questions:

1. Which one of the statements below is correct?

A) An electric current passing through a wire
produces a magnetic field

B) A soft iron core attracts magnetic materials when
a current is applied to it

C) A magnet is a source of electricity
D) An electromagnet has only one pole.

h Y
(A [y -
]‘[ I}

{f \

{i#_a o

Which one of the statements below is not correct
with respect to the electromagnet above.

A) It is a permanent magnet.

B) The iron produces a magnetic field in the space
around it

C) One end of the nail becomes a north pole.
D) Direct current flows through the circuit,

Activities with resistance wires (Electric heater wire)

a. Resistance of a wire depends on length

1. Resistance and length of a conduc tor ; aa— ¥

The resistance of a conductor s directly proportional to tts length (1) So we aL -

can write i i .—..—-—u. 2
2R

R—~L

Longer wires provide a longer path for electrons to travel In causing many

Figure 2.82 Longer wires have
hegher resstance

maore collisions and hence a greater resistance as shown in Figure 2 62
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MEC_T mm Making A SimPLe RHEOSTAT

Materials: Abattery, alamp, connecting wires, a piece of
nichrome resistance wire (which 12 used as a heastng
element in electric lines)

Procedure: Connect the elements as shown in the figure

Move the wire over the heating element ko the right and to
the left; does the brighiness of the lamp changs?

00000000008
Can you name some electrical devices which work with a nichmime wime
rheostat?

b. Whatis a Rheostat?

slicting Rheostat

: A rheostat is & variable resistor [ is used to change the current in a circuit A
conducting porcelain  rhacstal consists of a long nichrome wire wound on an Insulating material

fod (porcelain). it has a siding contact on the coil. The sliding contact moves
along a brass rod es shown in Figure 2 66

A theostat Is conmected In senes with a circutt The current entering the
rhecetat from one terminal flows through the wire and the sliding contact, and
then leaves the theostat at the other terminal as shown below

Figure 2.88 Aheosial

@aﬂéhy Using a rheostat

Materiais: A rtheostat, a bettery a lamp, an ammetar, ; i

conducting wires ' f g
Procedure: Sst up a simple circult with an ammeter as S - WV
shown Connect the clips to the terminake of the rheostat. .

Mowve the slide back and forth slowly Mate the changes In Q
the brightnesa of the lamp and ammeter reading |nwhich i

position of the slide does the lamp glow the brightest? R a
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a. Resistance of a wire depends on thickness

2. The resistance and thickness of a conduc tor

The cross-sectional area of a conductor affects the reslstance Thick wires L
provide low resietance because they have more space for electrons to move !=._|‘._
In, herce less colisions occur However thin wires of the same substance S R
provide higher resistance because they offer less space for the electrons bo A
move around In This & ilustrated in figure 264 Resistance and L
croes-sechonal area (A) (thickness) are nversaly praportional _,_£=_L
1

=% S
An Increass In cross-sectional area causes a decrease In resistance The Figure 2.64 Thick wires olier less
expenmert below shows the relatiornship between thickness and resigtance of resistance
a conductor

Questions:
Examplg 2.4 Sefles comblnations
What & the equivalent 456 Solubiocn
resistance of the circult Resigtors are connected in series So we add resigtances to find
shown In the figure? 4 the equivalert resistance
B g2 n Ri=130  Ry=450  Ry=720
| "y ]
R_=33+ 45 4 72
R=1500
xercise {1211) Jglles cormbinations
If the apphed voltage 18 6 V In the circut ghven above, caleulate the curent fowing In the crout Ans: 004 A
Questions:

What 3
What Is the equivalent resistanc e between i and M % e thoa renlsbinct 1 ey rm el

220 50 200 R
I ——— N ——
! ! - R =30 J
20% 4unE 6oaf 170
RLt Al 250 Bylsa s f s i 1 Diaa

WY

K P EN M
2. A student wants to messure the resistance of a
resistor Which circut diagram should the student
3. What s the current | in 0.7 A usa?
the eimeuit?
26A g Al

A 33A Bi2GA CI21A Di19A

o T L b Wt B B 988

the clroult

<)
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Activities with aluminum foil, glass and a wire: Electroscope

a. What is electrostatics?

Interac tions between charges

Charges attract or repel each other according to the kind of charge they have ‘

Like charges repal

This iz lustrated in figure 24 The nteracHors between charges are governed each othar

by a simple rule:

Like charges repel each other, unlike charges alirac each olher

Unlike charges aftract
gach other

The force between chamged particles 15 called an elecirosiatic force. The ,
slectrostatic force keeps an electron in its orbit around the niclews, like the earth
orbiting the sun (Figure 25)
x - F | e
- - @ -~ Figure 2.4 Attraction and repusion " -
; belwesn charges F.
: \ 3 Figure 2.5 The slectrosialic
- / \0 - &
e"'- {f) force keeps an eleciron In an
fike charges repel each ather unilke charges attract each ather erbil around the nucleus.

b. What is static eleciricity?

The word stalic means not moving or stabionary, therefore static electricity
means stationary electnc charges Static electricity causes an object to attract

and repel other chjects

— e
condnciar =
_—-'-'--_'J

insutator

Figure 2.7 A piece ol cable with
conducting wire inside he insulating
Cover

Question:

c. What is a conductor? What is an insulator?

Materials which allow electrons to pass through them are called concdiicions

Some electrons far away from the nuclkeus in the atoms of conductors are so
weakly bound to the nucleus that they can move freely between nasighbouring
atomz These electrons are called free electrons (Figure 2 6) These free
electrons are the electrons which make metals conductors of electricity
Metals such as copper, siver and aluminum are called good conductors
(Figure 27) Some materialz conduct eleciricity poordy, therefore they are
called poor conduciors examples are the earth and the human body Good
and poor conductors are listed in Table 22

Materials which don't conduct electric ity are called insilatorns . Thelr electrons
are tghtly bound to the nuclewus and cant move freely Examples of Insulators
are plastic, alr, wood, nylon and porcelain (Figure 2 7)

d. How can you build-up charge on objects?

There are different ways of bulding up charge on objects: Charging by
rubbing (friction), charging by contact and charging by induction
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acti*iiy A Comb and pisces ol paper

Materials: A plestic comb, some pieces of
paper, a balloon, a2 woollen cloth

Procedure: Pull a plastc comb through \
your hair (it also should be dry and free of otl) =

Then hold the comb near some tiny pleces of "’.“'I Toe=

papar What do you chearve? Yok ) X
Mow hold the other end of the comb near the - é._ =
pleces Do they stick to the comb? &

(A plastic pen can also be used instead of a
comb )

4l

Question: What is an electroscope? Why do we use it?
An electroscope is a device used to understand if there are charges on an object and to learn
the type of charge if the object has.

Copper wire

Lid Straw

Jar

Aluminum foil

Question:
How can you make an electroscope?

PROJECT m‘ ) 0: MAKING A SIMPLE ELECTROSCOPE
L

Materials: A giass jar with a plastic id, a copper wire about 20 cm

long, a piece of aluminum foil (or an aluminum chocolate wrapper), a . e

plastc pen ; ;

Procedure: Make a hole In the plastic lid, and Inset the wire tightly f “H_';r___F-r

through Bend the top end of the wire into a ball and bend its bottom [

into a hook Cut out two 2xlocm alum inum foll strips and make a small

hole ot the top of each s

Hang the strips on the hook and check if they can move freely. Place : =

the lid over the mouth of the jar '_A un_ple_
electoscope

Mow rub the pen on a woollen cioth and check your alectroscope
Does it work? Repeat this with a comb
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neutral

Figure 2.16 Charging an electroscope
by conlact

Pj G
greatest
deffoction
Figure 2.17 Charging an slectroscope by
induation
Questions:

1. When an object 15 charged, which of the following

changes?

A) the number of protons
Bl the number of electrons
C) the number of neutrons

Charging an eleciroscope by contact

A neutral electroscope becomes charged when ite cap (knob) s in
conbact with a charged object  For example if a charged comb s made
to touch the cap of a neutral electroscope a2 in the figure 2 16, some
electrons on the comb move to all metal parts of the electroscope The
negative charges collected on the leaves repel each other causing
them to open.

Charging an electroscope by induction

Whan a nagatively charged object 15 brought close to the cap of a
neutral electroscope, the charges on the object repel some slectrons
from the cap towards the leaves Thus, the knob becomes positively
charged and the leaves negatively charged T he leaves repel each other
and open, thus the electroscope becomes charged by Induction as in
figure 2 17

If the charged object is pulled away from the electroscope, the negative
charges cn the leaves return to the knob again and the leaves close

D) the number of protons and electrons

2. When you walk on a rug and then touch a
conducting object, you often get an electric shock
due to an electric discharge Because

Al Electricity s produced due to friction between
the rug and your body

B) Your body produces electricity

C) The rug produces electrictty

D} The conducting cbject produces electricity
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When mod (l) is brought close to the knob of a
negatively charged elec trosc ope, the leaves rse up,
when rod (I) & brought close, the leaves drop
down. What can be said about the charges on the
rods?

Red | Rod Il
Al &= =
I=1] ¥ -
Q) - #
Dy + +

When a comb 13 rubbed through hair it gains
charge What are the charges on the hair and the
comb?

A)hair (), comb (—)
Bl hair (+), combi+)
C)har (), comb(+)

D) hair (+), comb (-)



