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PREFACE

The Education Commission while discussing the structure of
education in our schools and colleges reccommended that teaching
of science should commence at class V with Physics and Biology
as separate disciplines. It was also suggested that teaching of
Chemistry should commence a year later. In response to this
recommendation, the Chairman, University Grants Commission,
New Delhi, appealed to men of science in universities to get
together to preparc curricular material for the middle school
with a view to improving teaching of Physics in schools. The
response to this appeal was immediate and enthusiastic. Four
study groups were constituted, cach comprising rescarch
scientists, university professors and school teachers, to decvelop
curricular materials. The present book is sccond in the scries.

The Physics Study Group, after long deliberations, considered
it necessary to initiate a new approach to the study of Physics at
the school level. This approach is essentially based on the active
participation of students in the learning process through ex-
perimentation, supplemented by demonstration by teachers and
discussion leading to the understanding of the basic concepts in
Physics. The cfforts of the Group have been to relate, as far as
possible, the teaching of Physics to what a student sees and does
in everyday life. In addition, it is intended to transmit, in some
measure, the thrill and ‘excitement of doing experiments which
would help students to understand Physics and find something
pew for themselves. Thus the main emphasis is on the process
of science rather than on the product of science.

In order to enable the students to perform experiments, the
Group has developed simple and inexpensive kits which form an
integral part of the instruction material. Experiments to be
demonstrated by the teachers have also been indicated.
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The directors and members of the Study Groups are conscious
of the shortcomings and limitations of the material. The practi-
cal diflicultics in implementing the course will become clear after
full-scale trial. Teachers in both urban and rural schools arc
our primary concern and we look forward to a mcaningful
appraisal of the material. We also look forward to the reaction
of the young students to whom it is addressed. Wc look up to
the senior physicists in universities and other institutions for their
mature criticism of the material presented here from the stand-
point of the contents as well as of the way of presentation. For
these reasons, the present edition is being brought out as an
experimental cdition which will undergo revision after the fecd-
buck from various sources.

All my colleagues join me in offering our grateful thanks
to Professor D. S. Kothari, Chairman, University Grants Com-
mission, who conceived this idea, for guidance and stimulation ;
Shri L. 8. Chandrakant, Joint Educational Adviser, Ministry of
Education ; Dr. S. V. C. Aiya, Dircctor, NCERT ; Dr. M. C.
Pant, Head of the Department of Scicnce Education; Shri
Rajendra Prasad ; Shri G. S. Baderia, Mrs. N. Mitra and
Shri K. J. Khurana in the NCERT who helped in this endeavour
in many ways.

V. G. BHIDE
. Convener
NCERT Study Group in Physics

National Physical Laboratory
New Delhi-12
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MEASUREMENT OF SMALL DISTANCES

1.1 Introduction

You already know how to use a metre scale to
measure lengths. You can use a metre scale to
measure the length of a pencil, a postcard, a note-
book, a picce of cloth, etc. You can also measure
the length and breadth of a room with its help. How-
ever, it is not always convenient to use a metre scale
to measure every and any length. For example, it is
not possible to measurc the thickness of a piece of
paper or the diameter of a pin or a sewing needle with
a metre scale. Again, it is not convenicnt to use a
metre scale to measure the distance between say, Bom-
bay and Delhi or the height of a tall tree or a moun-
tain or the width of a river. In this chapter you will
learn some simple methods and uses of a few common
instruments for the measurement of small distances.

1.2 Measurement of Small Lengths : Method of
Averages using a Metre Scale

Take a metre scale. Place it on the table. Try to
measure the diameter of a pin with its help. Place
the pin along the marks of the scale (see figure 1.1).
You will noticc that the diameter of the pin is less
than the least count of the scale, that is, the smallest
division of the scale. This is why you cannot directly

HEITHE Y
Gt

Fig. 1.1
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measure the diameter of the pin. If you can procure
a large number of similar pins you can perhaps find a
solution. See how this can be done.

Use the same metre scale and arrange a number
of pins side by side without leaving any space between
them. Look at figures 1.2 and 1.3. You will notice
that the correct way of placing the pins is as shown
in figure 1.3. Find the distance on the scale covered
by the pins. Do you find any difficulty in keeping
these pins on the scale ? Think of various ways of
doing it.*

If you now divide this distance by the number of
pins arranged in the stack, can you find the average
diameter of one pin? This is why this mecthod is
known as the method of average. Repeat the above
cxperiment by taking 10, 15, 20, 30 pins and enter
your observations in the following table.

Number of  No. of | Length covered Diameter Mecan

obscrvations  pins | by pins, incm © of apin | diamcter
©incm in cm

*One of the simple mcthods is to glue the pins on a strip of trans-
parent paper and then place the strip on a metre scale,




MEASUREMENT OF SMALL DISTANCES
Activity

(1) Find the diameter of a thin wire by the
method of average using a metre scale.
(Ilint — Wind the wire on your scale to
cover a length of 1T cm on it without leaving
any space between the strands.  Count the
total number of turns within I ¢m and calcu-
late the diameter of the wire.) What happens
i the strands are widely spaced or they
overlap ?

(2) Cut the piece of the wire into 50 bits
and measure the diameter of the wire tollow-
ing the method you used for the pins and
compare your result with that of the activity
(1) above.

(3) Find the thickness of a sheet of paper
of your note-book exclude the cover).

(4) Can you determine the thickness of your
hair ?

(5) Suppose you have only one pin or a
small bit of a wire or a thin paper, can you
still use a metre scale to measure the diame-
ters or thicknesses ?

Although you can mecasurc small lengths such
as the diameter of a pin or of a wire by the method
of average, this i§ not a very convenient and good
method. It is not always possible to have large
numbers of the same object. Moreover these objects
may not always be exactly similar in all respects.
Therefore, it is essential that you should have an
easy method to measure small lengths such as the

~ diameter of a wire. See if you can think of any
simple idea for making a good instrument.
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1.3 Screw

Take a screw-bolt and examine it carefully,
What do you find ? You find that there are a number
of threads on it. Now count the number of threads,
say 10, and measure the length of the screw covered
by these 10 threads with the help of a scale. From
this find the distance between two successive threads.
Can you use this distance between successive threads
of a screw as a measure of small length ? Examine
various screws. Count the number of threads and
measure the corresponding length in cach casc* as
shown in figure 1.4, Record your obscrvations as
under :

AAdLE Hu!llﬁu_tju;l_'nu_‘,g_\,\*ni
1 2 3 _

Fig. 14

Number of No. of Length of Distance bet-
observations threads the screw ween  succeessive
in a screw in cm threads in cm

*An easy method to measure on a scale the distance between
the Ist and the 0th thread is to use two pins or two pieces of paper
as shown in figure 1.5.



MEASUREMENT OF SMALL DISTANCES

How will you verify that the distance between
the threads you measured is the correct distance ?
Can you think of any other method ?

Takec a screw and a nut. Fix the nut on a
hard board fixed to a stand as shown in figure 1.6.
Fix a scalc by the side of the nut so that the move-
ment of the screw can be read on the scale. Fix
a small wire or a pointer on the head of the screw
as shown in that figurc. Turn the screw clockwisc
ten times.  What do you observe ?  Has the position
of the wire on the scale changed ? If it was reading
say 2.0 cm, before you started to turn it what does
it rcad now? From these observations you will
see that as the screw is turned, it moves forward.
Can you make it move backwards? Turn the
screw anticlockwise ten times. Note down the distance
through which the screw has moved back. Is the
distance covered by the backward movement the same
as that covered during the forward movement ?

You have determined the distance by which
the screw-head moves for ten complete turns. Can
you find out the distance moved for one complete
revolution ? In finding this distance, do you have
to assume anything ? If so what is that assumption ?

Compare the two measurements— (a) the move-
ment of the screw-head when it isturned 10 times
and (b) the length covered by 10 threads as measured
by the scale earlier. Do these measurements agree ?
You can sec that the distance by which the screw-
head moves when it is turned through one complete
rcvolution is equal to the distance between two conse-
cutive threads. This distance is called the pitch of the
screw. Pitch of thesscrew, therefore, is the distance
between two consecutive threads or is the distance by
which the screw-head moves when it is turned once.
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Questions

(1) Measure the pitch of the screw for every screw
supplied to you in your kit. Do you find any difference
in their values ?

(2) Can you use these screws to measure small
lengths ?

(3) Can you measure distances even smaller than the
pitch of the screw ?

(4) Fix one disc on the head of the screw as shown
in figure 1.7. Can you measure the distance travelled
by the screw when it is rotated through one half or one
quarter of a turn ?

(5) In case the disc is graduated to have 100 equal
divisions, along its circumference, can you measure the
distance moved by the screw when it is turned through
one small division on the disc ?

(6) If the pitch of the screw is 1 mm and the number
of graduations on the disc are 100, what will be the
distance covered when the screw is turned through
1 division on the disc ?  What is the smallest distance
you can measure with this arrangement ?

Activity

Take bolt-screws and nuts of different dimen-
sions. Arrange them and find out the cor-
rect pairs of screw and nut.  Determinc the
pitch of the screw in each case. You are
given a disc whose circumference is divided
into 100 cqual divisions. Thus you have a
circular scale. Fix this disc in turn to
cach of the screws. Dectermine the distance
travelled by each of the screw when it is
rotated through one division of the circular
scale. Record your obscrvations as shown
in the next table :
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Distance
Pitch = moved by
. i e sc
No. of No. of Distance distance No. of thh rew
, : travelled/ divisions when it is
Sample  observa- rotations  travelled by no. of rota-  on circular turned
tions of the disc the screw tions of the scale thrqu_g!'l
disc one division
on the cir-

cular scale

II

1

FFrom the above observations, which of the
screws will you choose to measure distances
of the order of 0.1 mm ?

(1) What is the smallest distance you can
measure with cach of the screws ?

(2) What will happen if you fix your disc
loose so that it slips while the screw is rotated?

Now devise a method for measuring small thick-
ness using a screw. Take two wooden planks ABCD
and EFGH. Fix them parallel to each other on another
plank of the same size as shown in figure 1.8 with
supporting bars at the top, such as CE and DF.
The planks should be rectangular bars of sides 1.5 cm.
and of thickness 1.5 cm.

At the centre of the plank EFGH bore a hole and
fix a nut so that a screw can be made to pass through
it and the plank. To the plank EFGH, fix a small

7
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scale XY graduated in millimetres as shown in figure
1.8. A circular disc, the circumference of which is
divided into 100 equal divisions is fixed to the head of
the screw as shown in that figure. Turn the screw

X7 Y

B H
Fig. 1.8
through 10 complete revolutions. Find out the
length travelled by the screw-hcad along the axis.
Noting the number of divisions on the disc, you can
determine the length travelled by the screw-head when
it is turned through one division on the disc. Turn
the screw till the tip of the screw O just touches the
plank ABCD. Take the reading on the scale XY,
Turn the screw anticlockwise through 10 revolutions.
Can you now tell what is the distance between the tip
of the screw and the plank ABCD ? Instead of
turning the screw through 10 revolutions if you were
to turn it through one rotation, then what would be
the distance between the tip and the plank ABCD?
Extend this argument further. If you touch the plate
ABCD with the tip of the screw and then turn the
screw anticlockwise through one small division on the
disc, what will be the separation betwcen the tip O
and the plank ABCD ? This is the smallest distance
you cdn measure and is called the least count of the
instrument. If you are given a glass plate, how can
you measure the thickness of the glass plate with this
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instrument ? Hold the plate between the tip O and

the plank ABCD. Note down the reading on the

scale XY and the division on the circular scale in
front of the straight scale XY. Remove the glass

plate. Now slowly turn the screw so that the tip O

just touches the plate ABCD. Note down the com-

plete revolutions and the number of divisions turned
on the circular scale. From these observations, can
you get the thickness of the glass plate ?

In one typical experiment the pitch of the screw
was 1 mm. The circular scale with 100 divisions had
to be turned through 2 complete revolutions and 70
divisions on the circular scale so that after removal
of the glass plate the tip O touched the plank ABCD
again. Can you tell what was the thickness of the
glass plate ?

Questions

(a) Instead of wooden planks ABCD, would you prefer

thick metal sheets ? If so, why ?

(b) Is it necessary that the planks ABCD and EFGH

should be rigidly fixed to the bottom plank paraliel to

each other ?

(¢) Would it be better if the U shaped enclosure is

made out of the one and the same metal block as

shown in figure 1.9 ?

Fig. 1.9 The same principle has been utilized in the design
of a small instrument called the micrometer screw
gauge ( figure 1.10). This is very widely uscd by
engineers, physicists and machinists.

~
()

%)
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1.4 Micrometer screw gauge

XY:
A:
B:

C:

T

Fig. 1.10

U shaped metal picce

Butt end

Flat-cnd screw with equidistant threads cut
on it

Cylindrical shaft on which a millimetrc scale
is cngraved parallel to the shaft axis,

: Collar-head, which turns together with the

screw and is usually divided into 100 equal
parts along its circumference and these parts
are numbered from O to 100. This collar-
head serves the purpose of the graduated
circular disc

: A frce wheel device called the ratchet head

which allows the screw head to turn freely
when the pressure on the object held for
measurement increases beyond a certain

minimum.
D
(\/~
) ¢
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Now try to Jearn how to use a screw gauge for
measuring small lengths, say the diameter of a wire.

Take a screw gauge as shown in figure 1.8 and
provided in your kit. Turn the screw so that the tip
O of the screw touches the plank ABCD. Verify that
zero mark on the disc is in line with the linear scale
and reads zero on the scale. If they do not, what
should you do ?

Take this screw gauge and turn its head so that the
screw recedes sufficiently. Insert a wire between the
end O and the plank ABCD. Turn the screw till the
wire is held gently between the plank and the tip O of
the screw. Note the reading on the millimetre scale.
Next see which of the marks on the disc coincides
with the scale XY. Knowing these two values, can
you find out the diamcter of the wire ? Is the
diameter of the wire equal to the reading on the
millimetre scale plus number of divisions on the disc
coinciding with the scale XY multiplied by the least
count ? Reason out why this is so ?

Question

If the reading on the millimetre scale is 2 and the
number of divisions on the disc coinciding with the
linear scale is 70, through how many divisions on the
circular scale the screw will have to be turned so that
the tip O of the screw touches the plank ABCD ?

In one such typical experiment with a wire
following observations were recorded :

' No. of divisions |
No. of Reading on the on the disc coin- Diameter of
ob servations millimetre scale ciding with the | the wire

o scale XY -

1 1.0 mm 8 1.08 mm

2 1.0 mm 9 1.09 mm

3 1.0 mm 7 1.07 mm

4 1.0 mm 8 1.08 mm

Mean -= 1.08 mm

11
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Take care to avoid tightening the screw hard on
the object held between the tip O of the screw and
the plank ABCD.

Take the reading on a screw gauge by turning the
screw only in one direction. This is because due to
wear and tear sometimes a slackness occurs in the fit
of the screw and the nut. 1n such a case if you turn
the screw in the forward direction and then try to
turn it in the opposite direction, the disc has to be
turned through few divisions before the screw begins
to actually move along the axis. This is called the
backlash.

Activity

With the help of a screw gauge do the follow-
ing :

(1) Find the diameter of a pin.

(2) Find the thickness of a page of your
note-book, pocket-book, atlas and a post-
card.

(3) Find thc diameters of knitting needles of
different sizes and find a relation between the
diameter and the number on the Kknitting
needles.

(4) Find the diameters of sewing needles of
different sizes and establish the relation
between the diameter and thc marking on
the needlcs.

(5) Find the diameter of a small steel ball.
(6) Find the diameters of wires of SWG
Nos. 28, 30, 32, 34, 36, 38, 40 and obtain the
relationship between the SWG number and
the corresponding diameter.
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You should enter your observations in your
note-book in the following way :

Value of one division on the linear scale

Distance advanced by the screw when it
is turned through 10 complete rotations

Pitch of the screw :
Number of divisions on circular disc
Least Count

Pitch of the screw

No. of divisions on the circular disc

Verify that when the tip O of the screw
touches the plank ABCD, the reading on thc
millimetre scale is zero and the zero mark on
the circular scale coincides with it.

In order to minimise errors in measurement you
should take several (at least five) readings and then
take the mean. (See table in the next page.)

In determining the diameter of a wire, you should
measure the diameter twice at a given section one
at right angles to the other, along AB and along CD
(see figure 1.11) and at various places (sections).
Why should one do this ?

You have seen last year (by drawing circles of
various radii and measuring their areas with a graph
paper) that the area of a circle is proportional to the
square of its radius. If you want to measure the area
of cross-section of a thin wire, you should determine
its radius accurately. Otherwise a small error in the
measurement of radius is magnified in the calcula-
tion of the area of cross-section.

13
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14

No. of
. divisions on
Reading -
No. of the circular
Sample observations sc(;?e“;(eY " disc coinciding Result Mecan
i with the scale
‘ XY
I 1 !
2 :
3
4
5
1I 1
2
3
4
5
I 1
2
3
‘ 4 ;
¢S ﬁ
1v i 1
' 3
4
s
|
Questions

(1) Suppose the pitch of the screw is I mm and the
number of divisions on the circular disc is 100.
What is the minimum distance yau can measure with
such a screw gauge ?

(2) If in a given screw gauge, the screw advances
through 5 mm on turning it through 10 rotations
and the circular disc has 100 divisions on it, what
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is the minimum distance one can measure with
this gauge ?

(3) It you take a bigger disc and have 1000 divisions
on the disc, what is the smallest distance you can
now measure ?

(4) Suppose you take a bigger and a still bigger
disc and have larger number of divisions on the
disc, you can reduce the smallest distance you can
measure with the screw, Can you go on increasing
the number of divisions on the disc indefinitely so
that least count could be reduced ?

(5) Two screw gauges are given to you. One has a least
count 0. mm and the other has a least count 0.005
mm. Which of these two do you think is more
accurate ?

1.5 Another way of using a screw to measure
small distances.

You can use the screw in another way to
measure small distances. Look at the instrument
shown in figure 1. 12.

It has three legs ABC, which are fixed. The tips
of these three legs are in the same level. The fourth
leg which is centrally situated is a screw which
is movable. On top of this screw, a circular scale is
fixed. Thereis a small linear scale XY. You can
determine the pitch of the screw and least count as
before. Now take this instrument and place it on a
glass plate. The three legs touch the glass plate as
their tips are in the same level. The fourth central
legis above the surface. In this position you can
slide the instrument on the glass plate as a whole.
Turn the screw in and find out what happens. If the
tip of the central leg goes below the level of the tips
of the other three legs, the instrument can turn freely

Fig. 1.12

15
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about the central leg. Thus you see that if the tip
of the central leg is above the level of the tips of the
other three legs then the instrument can slide. If,
however, the tip of the central leg is below the level of
the tips of the three legs then it can be turned. When
the tip of the central leg isjust in the same level as of the
other three legs, the turning just stops. Knowing this,
can you determine the thickness of a very small glass
plate ? Place the glass plate below the central leg and
adjust the screw so that the turning just stops. Take
the reading on the linear and the circular scales. Re-
move the plate. You will now see the tip of the central
leg above the level of the three lcgs. Turn the screw to
bring all the four legs in the same lcvel again. Note
the number of divisions through which you have to
turn the screw. Knowing this, can you determine the
thickness of the glass plate ?

Activity
Find the thickness of a blade, at any point
away from its edges.

With the help of screw gauges you can at best
measure distances as small as 0.00l mm. As you pro-
gress in your study of physics and as your experience
increases, you will find occasions when you have to
measure distances smaller than this, such as one
millionth of a centimetre or smaller. Physicists have
developed accurate methods of measuring even such
small distances such as, say for example, the thickness
of an oil film over the surface of water, distance
between two atoms in a crystal etc. You will learn
about these methods as you advance in your study of
physics,
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2.1 Introduction

In the previous chapter you have seen how dis-
tances smaller than a millimetre can be measured. In
this section you will learn methods which can be used
to measure large distances.

You have used a metre scale to measure the length
and breadth of a table or the length and breadth of a
room. In measuring the length of a football ground
you had some difficulty in using a scale. Think of
several alternate methods. The simplest of them is
the one using a surveyor’s tape. In the absence of a
surveyor’s tape, you have another method which in-
volves measuring time to cover the distance. Is there
any assumption involved in this method ? In this
method you have to assume that you cover the same
distance in equal intervals of time or that your speed
is constant. This assumption is not necessarily valid
in certain cases, particularly, when the distance to be
measured is very large, say, | km or more. It is not
likely that over this distance your speed will remain
constant. The method, therefore, will give you an
idea of the distance rather than the correct distance.
Further, it may not be possible to cover the distance
between, two objects, such as that between a tree
beyond a broad river and any point on the opposite
bank. Try to develop a method of determining the
distance of a distant object even when it is not easily
accessible.

2.2 Method of Triangulation

Large distances are very conveniently measured by
the method of triangulation. The method described in
this section is very similar to the method of triangula-
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tion. Try to learn the method by the following experi-
ment. You have an ink-pot in one corner of a room.
You want to measure the distance of the ink-pot from
A and B as shown in figure 2.1.  Place a metre scale

I

L
I

L]

along AB. Place
it till the pencil

Fig. 2,1

your pencil with one end at A. Rotate
points towards the ink-pot. Draw

a line in the direction of the pencil AC. Similarly fix

65° /\

Fig. 2.2
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the direction of the ink-pot from B. Let it be along BD

as shown in figure 2.2. Where does the ink-pot lie ?

Is it on the point of intersection of AC and BD ? If

you produce AC and BD you will get the position of

the ink-pot. If you try to produce and determine the

point of intersection, you will neced a paper aslong and

broad as the length and breadth of the room. It

would, therefore, be necessary to scale down the dis-

tances. Take a suitable scaling factor such that the

reduced figure can be drawn on your paper. Take

o for example a scale 1 m = 5cm. Let the distance
AN AB = I m. Thus in your scaled down figure, it will
\ be represented by a line whose length is 5cm. AC is
\ inclined to AB at a certain angle. You mecasure the
\ angle CAB. Let this be 75°. It means you haveto rotate
\\ your pencil through 75° so as to change your direction
\D' from AB to AC. Put your protractor (angle measurer)
with its centre at A and base line along AB. Mark off

the position 75° by a point C' as shown in figure 2.3.

65/ In the scaled down figure the ink-pot is along

AC'. Repeat the same process with reference to the
direction BD. Draw a line inclined to AB at an angle
of 65°. Let this direction be BD'. In this figure the
ink-pot is along BD'. Produce AC' and BD'. Let
them meet at O'. Measure AO' and BO’. From this
measurement can you determine the distance of the
ink-pot from A and B in the above figure ? You will
see that you can get the position of the ink-pot
without reaching it. Instead of a pencil, a piece of
straw will be of greater help, as you can look through
the straw and fix the direction accurately.

Sem B
Fig. 2.3

2.3. Straw protrattor (Goniometer)

~ Take two straws AB and CD. Pass a pin through
them as shown in figure 2.4. Pass this pin through
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the central position O on the base line of a protractor
as shown in this figure. Fix the other end of the base
line E on the straw AB as shown in the same figure.
Now with this device you can measure the angles and
fix the direction of distant objects.

A

Fig. 2.4

Try to see how this method can be used to deter-
mine the distance of the pole G of a goal post from
the centre P of the football ground, Take the instru-
ment which you have made and place it at P as shown
in figure 2.5. Adjust your straw AB to be along the
central line. Rotate CD so that on looking through
it you can see the pole G. Measure the angle which
CD makes with AB. Let this angle be 80°. Walk a
distance of 5 metres along the central line to the point
Q. Place your instrument at Q and arrange AB to be
along PQ and adjust CD so that on looking through
CD you see the goal post G. Let the angle be 60°.
Can you use these observations to determine the
distance PG ? Take the scale ] m=1cm. Determine
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PG and compare this with actual measurements taken
with the help of a surveyor’s tape.

Fig. 2.5

Extend this method to determine the distance of
a distant tree which yau cannot reach and which lies
across a stream or a river. Fix a stick at R and

Fig. 2.6
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another at S some distance away from R along a
direction approximately parallel to the river as shown
in figure 2.6. With your instrument (straw protractor)
determine the direction of the tree at C from R with
reference to RS. Do the same thing from S. Measure
RS. With these observations can you determine the
distance of a distant tree from R or S ?
The line RS is often called the base line.

Question

The length of a page of your notebook is 25 cm. You
want to scale down the distance of a distant object say
100 km in your notebook. What will be the minimum
scaling factor ?

24. Measurement of the height of tall buildings

Can you modify the method of measuring the
distance of a distant object to measure the heights of
tall structures such as Qutab Minar, your school
building, etc. ? Sce how you can do this. Let XY
in figure 2.7 represent a tall building.

Fig. 2.7

Take a point P on AX where L AXY is 90°.
Use your straw protractor for measuring angles.

22
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Adjust the straw AB such that on looking through it,
you see the base of the building X. Rotate the straw
CD so that on looking through it you see the top of
the building Y. Measure the angle which the straw
CD makes with the straw AB. Move a distance of
5 m along AX to the point Q. Place the instrument
at Q. Arrange AB so that on looking through it you
see the base. Adjust CD so that on looking through
it, you see thc top of the building. Measure the
angle which the straw CD makes with AB. From the
knowledge of these two angles and the distance PQ,
you will be able to determine the height XY. Choose
ascale I m = 1 cm. Then PQ whichis Sm will be
5cm on your scaled down figure 2.8. Draw a line

P Sem Q

¢ Fig. 2.8

PR which makes an angle TPV with PV equal to
DPX of figurc 2.7. Similarly draw QS to QV at an
angle TQV equal to D'QX. Y is along the direction
PR as well as along QS. Thus Y should be the point
of intersection of PR and QS. In your scaled down
figure T represents the top of the building and V
represents its base. Measure TV. Using the scaling
factor determine the actual length of the building.
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Exercises.

(1) Measure the height of your school building,
telegraph pole, light post, etc.

(2) In an experiment to measure the height of Qutab
Minar the following observations were recorded.
The top was viewed from a certain distance from the
base. It was found that it could be seen at an angle
of 68°. On walking a distance of 10 m towards the
Minar, the top could be seen at an angle of 75°
Determine the height of Qutab Minar.

(3) Take two poles, one twice as long as the other.
At about 10 o’clock in the morning and at 2 PM,
measure the shadows cast by them. What are the
lengths of their shadows ? If you have a stick whose
length is not known, from the above observation can
you determine its length ?

(4) Based on the length of the shadow, can you
determine the length of a tall building ?

You know your height. Stand erect. Ask your
friend to measure the length of your shadow. Now
measure the length of the shadow cast by a tree.
From this observation, determine the height of the
tree.

(5) In one experiment, a boy of height 150 cm casts
his shadow 50 cm long. A nearby building at the
same time has its shadow whose length is 500 cm.
Determine the height of the building.

(6) Take a cardboard and make a pin-hole on it.
On a window-pane fix two strips of paper 2 cm apart
as shown in figure 2.9. Observe the moon through
the pin-hole and between two paper strips. Move
backwards from the window, still looking at the moon
between the paper strips, as much, till you see the
Fig. 2.9 moon filling the space between the two strips.
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Measure the distance of the cardboard with the pin-
hole from the window. From these observations can
you calculate the diameter of the moon ?

In one typical experiment, the distance of the
cardboard from the window was 110 cm. If the dis-
tance of the moon from the earthis 3.8 x 10®m,
calculate the radius of the moon.

(7) You have seen earlier in this chapter that you
can measure the distance of a distant object using
the method of triangulation. Based on this method
you may make a range finder. The instrument will
give you approximately the distance of a distant
object. See how this can be done. Take a metre
scale and fix two straws one at say, position A and
the other at position B. Fix two protractors at both
these positions as shown in figure 2.10. View a very
distant object, a star, through each of these straws,

P% Star

o

Fig. 2.10
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In this case the two straws are almost parallel to each
other. If on the other hand you see nearer objects
such as ‘R’, ‘S’, etc., the two straws are inclined to
each other. As the distance of the object increases,
the angle between the two straws decreases. Knowing
the angles which the straws at A and B make with the
scale, can you determine the angle between the two
straws 7 Now make a range finder of your own and
calibrate it by viewing distant objects, such as a light
post, tree, etc.

Questions

(I) Have you heard of an expression ‘five minutes
walk’ ?  Assume that you walk at a uniform speed of
100 m/min. Express the distance of your house from
your school, say 1.5 km in terms of time.

(2) If a motor car moves with a uniform speed of
30 km/h, then can one express a distance of 60 km as
2 car hours ? What would you understand by the ex-
expression, ‘half an hour’s drive’ by this car ?

In the examples cited above, you assumed that
you walk at a uniform speed of 100 m per minute and
a car moves at a uniform speed of 30 km per hour.
This assumption is not always true. The speed of a
man as well as that of a car changes and, therefore,
you can express distances in terms of time only after
specifying the speed. You can, therefore, measure the
distance by the velocity of sound or light if you know
the time and the magnitude of the velocity.

You may have heard echoes from the mountains
or tall buildings. Suppose you are a few hundred
metres away from a mountain or a building. If
you cldp loudly and distinctly, you hear your clap
again after a short while. This is because, when you
clap, you produce sound which moves on. Sound
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strikes the sides of the mountain or the building and
is reflected back to you. This process takes a certain
time depending upon the distance of the mountain or
the building and the velocity of sound. The reflec-
tion of sound is something similar to the rebound of a
tennis ball from the wall. Suppose you hear an echo
from a distant mountain after two seconds. This
means sound took two seconds to go from you to the
mountain and come back to you. In other words,
sound took | second to reach the mountain. If you
know the velocity of sound, you can estimate the
distance of the mountain. Velocity of sound in air is
330 m/s.* In the above example, the mountain would
be at a distance of 330 m.

Question

Rama standing before a steep mountain, shouted and
heard the echo after 3 seconds. How far was the
mountain from him ?

Suppose you have a powerful source of light and
you have a reflector (mirror) some thousands of
kilometres away. The light will take a certain time
to reach the mirror and return. Knowing the time
taken for the light to be reflected back from a distant
mirror, can you find the distance of the mirror from
the source of light ?

You must have read that Commander Armstrong
of Apollo 11 left a laser beam reflector on the surface
of the moon. Scientists from the earth hope to send

*You might remember that the unit of time was expressed as ‘sec’
in Volume 1. From now on we will follow the recommendation
of the International SUN Commission and write ‘s’ for second.

* Henceforth all Symbols, Units, Notations will be according to the
SUN Commission report. The symbols in many cases may be
different from other text books,
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a laser beam (which is a strong source of light) on to
the moon and get it reflected from the mirror placed
on the surface of the moon. Knowing the time
required for the light to go from the source to the
moon and back, they hope to determine correctly the
distance of the moon from the earth.

Questions

(I) The distance of the moon from the earth is roughly
3.8x10°m. What time will the light take, starting
Sfrom the earth to get reflected from the moon back to
the earth ?

(2) If you know the distance between the light source
and the reflector accurately and determine the time
required for the light to be reflected back, can you
determine the velocity of light ?  Foucault, a physicist,
used this method to determine the velocity of light
accurately. In this experiment the effective distance
between the source and the mirror was 20 m and light
took 0.12 , s to come back from the mirror. Can you
determine the velocity of light from these observations ?
(3) Have you heard of ‘Radar’ ? Radar sends out a
sort of a beam of light (radiowaves) which travels with
the velocity of light. These waves get reflected from
obstacles such as aeroplanes in the sky. The reflected
waves are received back on the radar screen. The
time required for the wave to be reflected back is
measured very accurately. From this measurement, the
distance of an aeroplane is calculated. In one experi-
ment the radar beam was reflected from an aeroplane.
The reflected beam took 10,s to reach the radar screen.
Can you calculate the distance of the aeroplane ?

If you succeed in devising a method for measur-
ing the distance of a distant tree from a point without
going upto the tree, then you can perhaps with some
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modifications use it to measure the distance of a
distant star from the earth which also you cannot
reach.

The distance of the nearest star Proxima Centauri
X is approximately 4:3x 10" m. This is a very large
number. To express this distance conveniently
another unit called light year is used. Light travels
with a velocity of 3 x 10® m/s. The distance covered
by light in one year is called one light year. This is
taken as unit of length in measuring very large dis-
tances, such as those of stars and planets from the
earth,

Questions

(I) What will be the distance corresponding to one
light minute, one light hour, one light day and one light
year ?

(2) Express the distances of different planets from the
sun in terms of light days, light hours, light minutes or
light seconds whichever is convenient.

(3) The distance of Neptune from the sun is 107 m.
What time will light from the sun take to reach
Neptune ?

(4) The distance of Mercury from the sun is 10" m.
What time will light from the sun take to reach
Mercury ?

(5) THe distance of the earth from the sun is 1.48 x
10" m. How long does light from the sun take to
reach earth ?

If you want,to locate the position of a star and
measure the distance of the star from the earth, you
must have two points on the earth with reference to

- which the star’s direction can be determined. Will
two points A and B on the earth separated by a
distance of say 5, 100 or even 1000 m serve your
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purpose ? If not, why not? Is it because the direc-
tion of the star from A and B, even when AB=1000
m, will be practically parallel and these two
directions on your scaled down figure will never
meet ? You must therefore take two points A and B
such that the direction of the star from A makes an
angle with the direction of the star from B. Further
it should be possible to draw the scaled down figure
on the paper. No two points on the surface of the
earth satisfy these conditions. Does it mean that you
cannot measure the distance of a distant star ? There
is a way out of this difficulty. You know that the
earth revolves round the sun in an orbit once in a
year. From the knowledge of the orbit of the earth
round the sun, you can know the position of the
earth at A on a particular day. Where will it be
six months later ? The position of the earth six
months later at A’ (figure 2.11) can be known. You
thus have two fixed points A and A’ separated suffi-
ciently far apart with reference to which the direction
of a star can be determined. Once these directions
are known, you can use your method to determine
the distance of a star from either A or B.

Question

You know that the planets such as Mars, Mercury,
Jupiter, Saturn also move round the sun. Can you use
Fig. 2.11 the above method to measure the distance of a distant
planet ?

In one typical observation of the nearest star,
Proxima Centauri X, as shown in figure 2.11, the angle
XAA' was 89°59' 59”. The angle XA'A was 89° 59'
59”. The distance AA’ was 297,616,000,000 m.
Using the method mentioned above, the distance of
the star was found to be nearly 4:3 x 10" m,
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Fig. 2.12 Order of magnitudes of different objects in centimetres.
The measures are not necessarily exact.
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3.1 Introduction

You know that measurement of any time interval
involves the comparison of that time interval with
a known one which is taken as a unit. The
known time intervals were provided by repetitive
phenomena, such as the time interval between the
two longest days ; the interval between a sunrise and
the next; the interval between two pulse beats or
heart beats; the time interval required to empty a
certain volume of water in a jar through a tube;
the time of oscillation of a simple pendulum, etc.
Based on these repetitive phenomena, you can devise
several time measuring devices such as the sun-dial,
water-clock, pendulum-clock, etc. You know that the
sun-dial can mark the time of a day. The water-
clock provides a known time interval of the order of
a few minutes whereas pendulum clocks provide time
intervals of the order of a few seconds. In your
common experience you come across situations where
some phenomena miay be completed within a time
interval which is a small fraction of a second. If you
want to measure these time intervals, can you use any
of these devices ? If you cannot use them, can you
think of any other device which can measure time
intervals of the order of 1/10s or 1/100 s ? Before
you angwer these questions, try and find out which
are the phenomena which are completed within a time
interval of that order.
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fl

Activity

(1) Take a picee of stone in your hand and
drop it. It takes a certain time for the stone
to fall to the floor.  This is a very small time
interval, which you may perhaps like to
measure.

(2) Support a bicycle on its stand. If you
now move the pedal, the rear wheel rotates.
You may as well like to measure the time
required for the wheel to rotate through one
complcte revolution.

(3) Switch on an clectric fan, the blades of
which rotate round a certain axis. It may be
of interest to find out the time required for
one complete rotation of the blades of the
fan.

(4) In fact you can think of time intervals
which are even smaller than those mentioned
above. For example, the time required for
the winking of an eye : the time required for
the wings of a bird to flutter ; the time re-
quired for a ray of light to travel across the
room.

Question

Two friends stand at a distance of 100 m. If one friend
claps, the other can see him clap and also hear the
sound of the clap. .What is the time-interval measured
by the other friend between the instant he sees his friend
clap and the instant he hears the sound of the clap.
(Velocity of sound is 330 m/s).
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3.2

the

Activity

Take a simple pendulum and suspend it from
a stand.  Find out the time of oscillation of
the pendulum for different lengths of the
pendulum. For a given length measure the
time for 20 oscillations and therefrom
determine the time period. Plot a  graph
between the square of the time period and
the length of the pendulum.  From the graph
find out the length of the pendulum such that
the time period is 2s.1s, ts and 1/5th
respectively.  From your readings what do
you think is the minimum time one can
measure with a simple pendulum ? You will
see that one cannot use a simple pendulum
to measure most of the time intervals men-
tioned carlier.

Stop-watch

You know what a stop-watch is. It is perhaps
most simple device for measuring short time
intervals. Although the watch itself may be very
accurate, it is not suitable for measuring time intervals
of the order of 1 second. See why this is so from the

following experimeats.

Activity

(1) Use a stop-watch to measure the time
taken for a ball to fall to the floor from a
height of about 2 m. Compare your result
with that obtained (a) by your friend, (b) by
yourself, when both of you repeat the experi-
ment several times,
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(2) Take two stop-watches. On onc of
them paste a paper as shown in figure 3.1.
The hand of the stop-watch rotates round.
Now use another stop-watch to measure the
time during which the hand of the stop-
watch with paper pasted on it, is visible
to you. Start the second stop-watch as
soon as you sce the hand and stop it as
soon as thc hand disappears. Repeat this
scveral times.

The above experiments will show that when you
see something happening you do not react to it imme-
diately. There is a time lag, usually a fraction of a
second, which varies from person to person. This is
called the reaction time. If, for example, you did not
press the stop-watch button in the last activity until
0.3 s after the hand appeared, your reaction time
would be 0.3 s. Of course if you also took 0.3 s to
press the button after the hand disappeared, you
measure the time interval correctly by accident.
Human reaction times are, however, rarely as consis-
tent as this, particularly when the conditions are
different as at the beginning and at the end of the
time interval. In this experiment you have no warning
of the hand’s “appearance” but you can sec when it
is “about to disappear”. This will affect your reaction
time. )

Fig. 3.1

Question

Is there any point in having a manually operated stop-
watch calibrated to read 1/1000th of a second ? Explain
your answer.
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3.3 Water-timer

Activity

Tuake a glass bottle with a tube attached as
shown in figure 3.2.

Fill the bottle with water to a certain level
and find out the number of drops that fall
through the tube in one minute. Change the

level of water in the glass bottle and again
note down the number of drops per minute.

Z- Razpeat this for various water levels in the

= % bottle. Plot a graph betwecn the number of
~—— H drops/min and the level of water in the
Fig. 3.2 bottle. You will find that thc number of

drops/min increascs as the level of water in
the bottle rises. If somchow you can kecp
the level of water in the bottle at a fixed
level, the number of drops of water falling
per minute would be constant. Then this will
provide another repetitive phenomenon with
reference to which one can determine a time
interval.

Make a water-timer as shown in figure 3.3,

Connect the tubc A to the water tap, the
tube B to the sink. If you open the tap you
will find that the level in the bottle remains
the same. Under these circumstances the
number of drops falling through the tube per
minute is also fixed. In onc typical experi-
ment 181 drops fell per minute. It means
that the time interval between any two drops
is 1/3rd of a second. One can adjust the
tilme interval to even 1/10th of a second by
adjusting a few things while constructing the
timer.
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Question

For a given level in the bottle if you want to change the
time interval between two drops from 1/3rd s to 1/10th s,
should you increase the diameter of the tube or
decrease the diameter ?

Fig. 3.4

You are provided with one water-timer in your
kit capable of measuring an interval of time of 1/3s.
See how one can use such a timer to measure the
velocity or acceleration of a trolley. Fix the water-
timer in a stand as shown in figure 3.4. Take a
trolley and attach a piece of paper tape which is
drawn along with the trolley. As the trolley moves

*the paper is pulled. .Coloured water drops fall on the
paper at an interval of 1/3rd s. You can, therefore,
find out the distance moved in every 1/3rd second.

37



PHYSICS FOR MIDDLE SCHOOLS VOL. 2
Questions

The water-timer was fixed and the trolley was made to
move. The drops fell on the piece of paper. The
markings of the dropson a piece of paper intwo
different experiments are shown in figure 3.5.

(a)

L))

Fig. 3.5

(1) What do you find from these figures regarding the
motion of the trolley in the two cases ?

(2) In the case of (b), can you say which way the paper
was pulled when it was attached to an accelerated
trolley ?

You thus have a very simple device to mark time in an

experiment to measure the velocity and acceleration of
a trolley. :
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3.4 The stroboscope

In the case of a vibrating tuning fork or a rapidly
rotating body like the blades of a fan, you cannot
count the vibrations or rotations with your eyes. Thus
you cannot find their time periods by any of the
methods given above which are useful only when the
interval of time is greater than 0.1 s. You can, how-
ever, measure shorter time intervals by a device called
a stroboscope.

Suppose a disc has a black triangle near its edge.
Rotate the disc about a horizontal axis passing
through its centre. How can you find its time of
rotation ? Take a hard-board disc of about the same
diameter as the experimental one. Make twelve slits
of the same size at equal distances along the edge of
the disc as shown in figure 3.6.

Provide the disc with an axle passing through its
centre about which it can rotate freely. Such a disc is
called a stroboscopic disc or a strobo-disc.
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Let the experimental disc at first be stationary
with the black triangle at its highest position. Look
at the triangle through one slit of the strobo-disc,
other slits being covered with white paper. The line
of sight of the triangle is through one slit of the
strobo-disc, other slits having been covered with white
paper. The line of sight of the triangle through the
slit is a straight line. Let the experimental disc be
rotated at a uniform speed. Look at the triangle
through the strobo-slit. The triangle is now seen
intermittently. The triangle is visible only when it
comes against the slit. Rotate the strobo-disc slowly,
slower than the experimental disc. The triangle
becomes visible more frequently. Now increase the
speed of rotation of the strobo-disc gradually. At a
particular speed the triangle appears stationary even
though it has not actually stopped moving. Why does
the triangle appear stationary ? How is the speed of
the strobo-disc related to the speed of the experi-
mental disc? Try to understand this. When both
the discs are rotating, the triangle is visible only when
the triangle and the slit come against the eye at the
same time. When does this happen? This can
happen when both the discs rotate with the same
speed, the time of rotation of the experimental disc is
the same as the time of rotation of the strobo-disc.
Are there any other speeds of the strobo-disc at which
this can happen ?

Now remove the paper cover from the other slits
of the strobo-disc. Repeat the above experiment.
You will find that the triangle appears steady even
though“the strobo-disc is rotated at a much slower
speed than before. How does this happen ? 1In this
case a slit comes in between the eye and the moving
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triangle twelve times in one rotation of the strobo-
disc. If every time a slit is against the eye, the triangle
also is there, it will naturally appear to be steady.
Thus in the time required for one rotation of the
strobo-disc, the experimental disc should make twelve
rotations so that the triangle and a slit are against the
eye at the same time. The ‘fixing’ of the triangle can
thus be obtained when the speed of rotation of the
strobo-disc is 1/12th of the speed of the experimental
disc. This lower speed of rotation of the strobo-disc
can be measured by simple methods.

Question

If the experimental disc has two equidistant triangles
along its diameter, what should be the speed of the
strobo-disc ?

Activity

{1 You are supplicd with an ¢lectric motor
in your kit. Attach a small card-board
disc to the axle of the motor. Run the
motor. The disc begins to rotate. You
can adjust the speed of rotation of the
dis¢ by controlling the current in the
motor in the same manner as the speed
of a fan is adjusted. Use the hand stro-
boscope and find the speed of rotation
of the disc. Repeat this for different
speeds of the disc.

(2) In summer you use an electric table fan
or a ceiling fan. Use the stroboscope
to find the speed at which the blades
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rotate. Repeat this for the difterent sett-
ings of the speed regulator of the fan.
What is the maximum and the minimum
speed with which the blades move ?

(31 Take a strobo-disc and look at a lighted
fluorescent tube.  Play with the disc and
find out whether the light from the tube
is flickering or not and it it is flickering,
at what rate does it flicker.

i4) Support a bicycle on its stand so that
the rear wheel moves freely.  Move  the
pedals so that the wheel rotates at 2
uniform speed.  Mcasure the speed  of
rotation of the wheel with the help of a
stroboscope.  Tic a small flag to a spoke.
This would help in determining the speed
of rotation.

(5) Fix a hacksaw blade to the edge of a
table with the help of a clamp. Move
the free end of the blade a little away
and release it. The end vibrates to and
fro. Can vou find out the rate of vibra-
tion with the help of your stroboscope ?

You thus see that the stroboscope helps you to
observe repetitive events occurring quickly and also
helps in measuring the small time interval during
which the event occurs. Can you use the stroboscope
to meaSure a small time interval such as the time
taken by the stone to fall from your hand to the
ground ?



MEASUREMENT OF SMALL INTERVALS OF TIME

3.5 Flash photography

There are certain events which take place in a
very short interval of time. A stone or a bullet hitting
a glass pane breaks it. Two cars colliding with each
other suffer a damage. All these take place within
twinkling of an eye. How can you measure the time
intervals in the above cases ?

Activity
Take a stroboscope disc and fix it to a stand.
Place a torch and the stop-watch on the two

sides of the disc as shown in figure 3.7.

Fig. 3.7

When the slit inethe disc, the torch and the
watch arc in one line, the light from the
torch falls on the watch and you can see the
hand of the watch. Now rotate the disc.
Everytime the light falls on the watch you
will see the himd in a different position, but
in each position it appears to be steady.
Thus the movement of the hand appears to
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be broken into a succession of steady posi-
tions by using the intermittent light.

This could be done in another way. The
light is made to fall on the watch conti-
nuously. A camera is placed behind the disc
in place of the torch and a photograph is
obtained cverytime the slit passes the watch.
In each photograph the hand of the watch
appears to be steady.

Questions

(1) From the time shown in the watch in two consecu-
tive photographs, can you find the time required for
one rotation of the disc ?

(2) Let the disc have 12 slits and suppose it makes 5
rotations in one minute. What will be the difference
in the time shown in the watch in two photographs ?

These two ways of observing any occurrence have
been used in two important techniques. The first is
known as the multiple flash photography and the
other is the principle of the movie camera. In the
flash photography a burst of light is made to fall on
the object, say the moving stone, every 1/100th of a
second and the photograph of the object is taken on
the same film, the camera shutter being kept open
throughout. The pictures give an idea of the move-
ment of the object. In the movie camera, the shutter
in front of the film opens and closes 24 times in one
second and therefore 24 different photographs of the
same object are obtained in one second. Thus any
change observed from one photograph to other must
have occurred within 1/24th of a second. From these
pictures the time interval between the occurrence of
two events can also be measured.




Fig. 3.8

MEASUREMENT OF SMALL INTERVALS OF TIME

With multiple flash photography you can take
pictures of many objects such as rain drops, flying
bullets or fast-moving parts of a machine, which
otherwise are difficult to see clearly with your eyes.
The difficulty in such cases arises because of a peculiar
property of your eyes. Whenever an eye sees an
object, it retains the impression of the object for
about 1/20th of a second. This is called ‘persistence
of vision’. The eye is not able to see other things
within that time, 1f two events are to be seen by the
eye, the interval between them must be more than
1/20th of a second. Thus any fast moving object is
seen blurred by the eye. You observe this effect in a
common experience. When a lighted match-stick is
moved to and fro quickly, you do not see the lighted
end but a streak of light. In a movie, pictures arc
projected on the screen at the rate of 24 pictures per
second. Thus before an impression on the eye pro-
duced by one picture is lost, it gets another im-
pression. In this way the impressions merge into
each other to produce a continuous movement before
your eyes. You can make several interesting toys
based on this property of the human eye.

Activity

(1) Eix a card-board piece to a thin metal rod
(a knitting needle will serve the purpose)
as shown in figure 3.8. Paste a picture
of an empty cage on one side of the card-
board and a picture of a bird on the
other side. Hold the rod between the
palms of your hands and slide the palms
such that the rod rotates at a high speed.
What do you observe? Does the bird
appear inside the cage ?
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(2) Take a small card-board disc. Puss a
nail through the centre of the disc. The
disc can now rotate about the nail. Cut
the following shapes from a piece of paper.
Paste one of them on the disc as shown in
figure 3.9. Now rotate the dise about the
nail. Do you scc something interesting ?
Repeat this experiment using the different
shapes you have cut from a paper. You
may paint the different  parts  of the
design in different colours and repeat the
experiment.

VA
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(3) Divide the circular disc into seven
segments.  Paint the diflerent segments in
the colours of a rainbow. Now rotate the
disc at a high speed. Do you observe the
different colours ? What has happened to
them ?

Fig. 3.9
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4.1. Introduction.

In your everyday life you see various objects in
motion. When you walk, run, jump, dance, ride a
bicycle, move in a cart or in a motor car or fly in an
acroplane, you are in a state of motion. On the
playground you kick a football and set it in motion.
All these are examples of motion. When the wind
blows, the leaves of the trees flutter and you find that
some leaves fall. In your body the heart beats and the
blood moves through the veins and arteries. From the
tiny atoms and molecules to the heavenly bodies—the
planets, the stars and the galaxies—all are in motion.

You have read earlier that in a uniform motion a
body describes equal distances in equal intervals of
time. If the velocity of a body changes with time,
the motion of a body is then said to be non-uniform
or accelerated. The rate of change of velocity is
called acceleration.

Questions
(1) Which of the following time-distance relations

correspond to uniform and which to non-uniform
motion ?

Time

Fig. 4.3

Table 1 Table 1I
Time in Distance Time in Distance
secongd in m second in m
1 6 . 1 4
2 12 2 16
3 18 3 36
4 24 4 64

(2) The time-distance relation of a body is represented

in three cases by figures 4.1, 4.2 and 4.3.
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State in each of these cases, whether the motion is
uniform or accelerated.

(3) The time-velocity graph of a motor car in one
typical journey is shown by figures 4.4(a) and 4.4(b).
State during which time interval the car has uniform
motion and in which time interval it is accelerated.
State from figure 4.4(b) after what time does the car
come to rest.
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Fig. 4.4(a)

Since acceleration is the rate of change of velo-
city, it is also a vector quantity.

Acceleration

_ Change of velocity in a given time interval

Time interval

The unit of acceleration is

Unit of velocity

"Unit of time

.__Tsis 'm/s/s =m/s?
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Fig. 4.4 (b)
Activity

(1) Take a long glass plate and place it hori-
zontally on the table. Place a three-wheeled
trolley at one end of the glass plate. The
wheels should be of small diameter and
provided with ball bearing arrangements.
The trolley as shown in figure 4.5 carries a
bent stand fixed at the middle. One heavy
but hollow pendulum bob with a wide mouth
at the top and a.small hole at the bottom is
suspended from the end of the stand.
A brush made of cotton fibre is fixed in the
small hole and outside thec bob. The brush
is so adjusted as to be in contact with the
glass plate. Ihk is poured in the bob
through the wide mouth and it keeps the
brush wet.

49



30

Fig. 46

PHYSICS FOR MIDDLE SCHOOLS VOL. 2

Fig. 4.5

Fasten one end of a string to the trolley.
Pass the string under a small pulley fixed at
the other end of the glass plate and then pass
the string over another pulley fixed on a
wooden stand so adjusted as tobe at a higher
level than the first pulley and immediately
above it. Tie this end of the string to a pan
with weights on it. But hold the trolley from
moving under the influence of the weight.
Swing the bob of the pendulum and measure
time for 20 oscillations and calculate the
time period of the pendulum.

Let the pan hang freely at the end of the
string. Swing the bob of the pendulum.
The brush of the bob makes impression on
the plate while the bob swings. Release the
trolley. The brush traces a track when it
moves forward (figure 4.6).



Velocity in cm/s

NON-UNIFORM MOTION

Measurc the distance within each full cycle
of the track. This distance divided by the
time-period will give you velocity. In a
typical experiment the following readings
were obtained.

Time period of the pendulum -0.56 s.

No. of cycle Distance within | Velocity
each cycle in em ' incm's

1 3.9 6.96

2 5 ¥ 10 36

3 8.0 14.2%

4 10.2 18.21

S 13.0 23.21

6 16.9 30.18

7 20.0 35.71

8 22.2 39.64

If you plot velocity along Y-axis and time
along X-axis, you will get a time-velocity
graph as shown in figure 4.7. What type of
acceleration do you get, positive or negative ?
Is it uniform ?
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(2) You can do this experiment replacing the
pendulum by a water-timer. Take a trolley,
attach a piecc of thread to it and pass the
thread over a pulley as shown in figure 4.8.

Fig. 4.8

Attach a pan at the other end of the thread.
Fix a paper tape to the other end of the
trolley so that, as the trolley moves, the
paper tape is pulled along with it. Fix a
water timer as shown in the figure. Put
weight on the pan till the trolley just begins
to move. As the trolley moves the paper
tape is pulled and the water-drops fall at
regular intervals on the paper tape. From
any drop on its path start counting time and
distance. In a typical experiment, the
following observations were recorded.



NON-UNIFORM MOTION

' Distance from the  Time interval
No. of drops Starting point O between the two
in cm drops ins

1.5
5.8
13.0
230 0.6
30.0
S1.8
70.6
92.5

LI B W —

Plot time-distance graph, time-velocity graph
and determine the accelcration.

In the above experiments, you see that the velocity
of the trolley increases uniformly with time. You can
also have a situation in which the velocity of the body
decreases with time. If you roll a tennis ball on the
ground, you will find that the tennis ball moves but its
velocity decrease<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>