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easurement and Practical Work

Physics is the study of the basic laws of natyr
discovery and application of these laws of nat
and create a better world. For example, from rockets sent to
integrated chips in computers, to lasers used to perform eye

From atoms and subatomic particles to solar s
obey the laws of physics.

Rocketry and space travel have their roots firmly planted in the physical
laws. The transportation industry relies heavily on physics in the
development of engines and the design of aerodynamic vehicles. Entire
electronics and computer industries owe their existence to the invention
of transistors, that come from the electrical nature of solids. The
teleccommunication industry depends on electromagnetic waves from
theory of electricity and magnetism. x — ray, ultrasonic and magnetic
resonance concepts of physics are also used for observing images of the
interior of the human body. The laser used in space exploration and in
Medicine is a direct application of the principles of atomic physics ...
etc.

1.1 Science of Measurement

Physics is all about observing natural phenomena and then

experimenting. Hence, it is a science of measurement.

The Scientific Method

Science is an organized body of knowledge that is based on a method of

looking at the world. The same problem may be analyzed differently by

different scientists. However, there are common guidelines for the

Practice of science that most scientists pass through. These general
~2PProaches to problems are called scientific methods.

e. Its beauty lies in

surgery
ystem and galaxies all

ure to make life simple

Space to

Scientific Method: Is a systematic procedure scientists use to acquire
Wledge in science.

Scientific method ensures a rigorous, evidence based structure where
only ideas that have been carefully tested are accepted as scientific
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* The common steps or processes i scientifie method mre

g * AskaQuestion
This may be based on an observation, Such s why is the sky
blue? Why does the sun shine?

8 « Do Background Research or Use Existing Knowledge

Your question might be already answered by other, If 80, search
what has been said about 1t

0 * Form a Hypothesis

Make a temporary explanation or guess possible answer for your
observation or question :

® *  Make predications from your Hypothesis

" Do Experiment

Make practical work under known conditions to test the truth of
your hypothesis.

o« Analyze your Experimental Data
Examine in detail using mathematical relations or qualitatively
the meaning of your set of data

e=* Draw Conclusion

Generate the outcome of the overall result. Sce if your hypothesis
was correct. If not, construct a new hypothesis and repeat.

*" If your hypothesis is correct, it will be cross checked and tested by
others before it becomes an accepted scientific theory. This process
of peer review is important to get evidence based and not made up
scientific theory.

1.2  Significant Figures

Significant figures are those digits that correctly indicate the presision of

a measurement. They show the limits of accuracy and the beginning of

uncertainty.

Significant Figures: Are reliably known or meaningful digits in a

measured or calculated quantity. "

Rules For Determining The Number of Significant Figures

5 All non- zero digits are significant
For example, 132.73 contains 5 significant figures
2% All zeros between two non zero digits are significant

For example, 207.009 contains 6 significant figures

3. A) All zeros to the left of understood decimal point but to the
right of a non- zero digit are not significant
For example, 307000 contains 3 significant figures




Practical Work

mal point by to the
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le, 400m has 3 significant figures
eros to the left of an expressed decimal point and 1 the right
~ of anon- zero digit are significant
r example, 307000. Containg ¢ significant figures

zeros to the right of a decimal point but to the left of non-zero

are not significant provided there is only a zero to the left of
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0.000345m contains 3 significant figures

the right of a decimal point and to the right of a
are significant

0003040 and 40.00m each has 4 significant figures

Ilustrative Example .
mificant figures for the following

R AN IR 426.071
20T ML + 161032

Xii.  0.0631
 xiii.  0.007

0.0050
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;ithmetic operations with significant figure

1. Addition and Subtraction T ————
ot mal places which .. )
In addition or subtraction, the number of decimal places which are

significant in the result is the same as the smallest number
;igniﬁcant decimal places in any number used in the sum or

difference.
& Use the least number of decimal places
2.  Multiplication and Division
In multiplication or division, the number of significant figures in the
product or the quotient is the same as the smallest number of
significant figures in any of the factors.
@ Use the least number of significant figures
Illustrative Example
2.  a Add17.35gto 25.6g

b. Add 6.75 x 10° cm and 4.52 x 10” cm

¢. Subtract 36.8 km from 97 km

Selution: a. 17.35 g+25.6g=42.95 ¢

* The answer is 43.0g

b. First convert to the same power of ten
4.52 x 10° cm = 0.452 x 10’ cm = 0.45 x 10° cm
6.75 x 10°cm + 0.45 x10° cm = 7.20 x 10° cm
¢. 97 km — 36.8 km = 60.2 km

* The answer is 60 km
3. a Multiply 3.8 and 0.125 with due regard to significant figure
b. Divide 8.2 by 3.885
Solution: a. 3.8 x 0.125 = (0.475

o The answer is 0.48
(AL 2.11068
3885
. The answer is 2.1

1.3 Uncertainty in Measurements

Numb '
ers obtameq by measurement are always inexact. There are many
causes of uncertainty, but the mOost common are:

* The person taking the measurement
* The measuring device

.
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o The environment where the measurement is being made.
e The nature of the object being measured.
Uncertainty: Is the amount of doubt in a measurement =
For example, if the width of this book is reported as: |
10 cm £+ 0.25 cm

It means that, the true value is unlikely to be less than 9.75 cm or greater

than 10.25 cm. hence, we can observe that, 0.25¢m is the uncertainty
Percentage Uncertainty

It is a way of expressing the uncertainty in terms of percentage.

ercentage uncertainty = G x 100
measured value
For example, the percentage uncertainty of 10 + 0.25 is,

% uncertainty = 912?5 —2:5%

So we can write as, 10cm + 2.5%
@ Keep in Mind That:
= Percentage uncertainty tells us the amount in a measurement
we are not sure of in percent.
For instance “47Q + 10%” means, the true value differs from
47Q by 10%. So it is between 42 and 52 Q.
* As a rule, percentage uncertainty should be expressed in two
significant figures.
* In multiplication and division, the percentage uncertainty of
the given values should be added.
Illustrative Example
4. IfI=2.0 A +0.05A. Find the percentage uncertainty

0.05
Selution: Percentage uncertainty = ik 100 = 2.5%

So we can write [ = 2.0A +2.5%
5. Ifv=6.25v+0.8% and R =4.5Q 2%, find I

Dt 1=~ = (ﬁé)i (0.8 +2)%
R 4.5

— [ = 1.4A +2.8% = 1.4A £ 0.04A
6. If V_=3.86 m/s +3.5%and t = 2.4 sec £ 4.7%

oo WS & W
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Find S : ,, | .
sotution: § = (Vau J(1) (3.86)(2.4) £ (3.5+4.7)%

—§=93m+ 8.2%

lind area of the circle
cp=2.6 cm £ 2.34%, | ind area o : y e
% .IS"aIZutian:A:r nr’ = m(2.6) (2.6) F(2.34 + 2.34)%
6.8m em’ £ 4.7%
Given I = 6.2A £ 1.6%, \ =.24,7v £ 0.2v.

Find R
Selution: R = —V— =(24"27Ji(0.8 +1.6)%
. I 6.

R=4.0Q12.4% ‘
Note that, the percentage uncertainty of 24. 7v + 0.2v 1s

( Uy )XIOO: 0.8%
d]

1.4 Errors in Measurement :
The devation of a measured value from the standard or accepted value 1s

called error.

Error: Is a value which in not actual or true.

@ Accepted or true value is the actual value of the measured object

without any experimental error.

The most common types of errors in measurement are:

1. Random error: Is unpredictable error that has no pattern or bias and
it makes the reading above or below the true value.
— Can be reduced by taking several readings and average them

2. Parallex error: Is caused by improper position of the eye while
taking record of a measured value
— Can be reduced by taking reading of the measured value

perpendicularly

3, Syste:matic error: It shows bias or trend and makes your reading
too high or too low
> Cap be reduced by redesigning the measuring instrument or by

taking measurement properly

4. Zero error: s caused by an instrument that does not start from the
zero mark

'y — Can be reduced by making the appropriate instrument adjustment.
In a more general sense, errors are of three types
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= Personal error: Example, parallax error, systematic error

. Ins@mental error: Example, Systematic etror, zero error

* Environmental error: Example, random error ’ ‘
1.5 Precision and Accuracy |
Precision and accuracy are terms which are used to express uncertainty
in measurement.

Precision: Is the closeness or exactness of measured values to each |
other
The precision is good or high if each of the measurements is close to the
average value :
@  The more preci ing i i

precise a reading is, the smaller the uncertainty. 1.0m +

0.lm, 1.00m % 0.0lm, 1.000m + 0.00lm are in order of
increasing precision.

Accuracy: Is the closeness of a measured value to its true or correct
value.

For example, if the true or accepted value of g = 9.8066 m/s, and if you
make three measurements of g, = 9.76 m/s’, 2 = 9.86 m/s2, and
g = 9.82 m/s” the most accurate value is g3 = 9.82 m/s® since it is
closest to g = 9.8066 m/s”.

@ Measurements of high precision are more likely to be accurate
than are those of poor precision,; but even highly precise
measurements are sometimes inaccurate.

1.6 Writing a Laboratory Report
A Laboratory report is a written composition of the result of an

experiment, written precisely and clearly using good grammar and
punctuation and includes;

Title: Tells name of the experiment

Objective: States the purpose of experiment, i.e what to achive

Theory: Describes the equations, concepts and principles to be used
Material: Describes substances, equipments or instruments to be used
Procedure: Tells steps used in doing the experiment :

Data: Represents the measured values and observed informat}on

Data Analysis: Describes the data in meaningful manner using graphs,
tables, software results. e
Result and Discussion: Interpretation of the data analyzed with the
Possible sources of error. '

Conclusion: Summary of the implication of experiment result
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f the reliability and validity of the experiment

Evaluation: Assessment 0 . _
result and designing a Way of improving the experiment {o make if
realistic.
Illustrative Example
9. Which one of the following experimental errors can be reduced
by taking repeated measurements (UEE: 2007)
A.  parallel errors C. Random errors
B.  Systematic errors D.  Zeros errors Answer: C
Unit 1: Additional Examples ______————
10.  The number of significant figures in 0.00040 m is
A il g =2 €723 Dy, . 4
Explanation: All zeros 10 the right of a decimal point and a non-
zero digit are significant. Answer: B
11. The number of significant figures in 600m is
7. TRk | By 2 @ £13 D. 4
Explanation: Zeros 10 the right of non-zero digit are significant
when they come from a measurement.
Answer: C
12.  The number of significant figures in 3.80 m is
| By 2 G- +-3 D. 4 Answer: C
13.  Which of the following is false regarding significant figures
A.  All non — zero digits are significant
B.  The zeros appearing in the middle of a number are
significant while those at the end of a number without a
decimal point are ambiguous
C.  The power of 10 are counted while counting the number of
significant figures.
D. G“%?zr the number of significant figure in a measurement,
smaller is the percentage error. Answer: C
14.  The number of significant figures in 0.01020
e 3 Bt o ) D. 6 Answer: B
15. The number of significant figures in 0.900 is
" L or L3 |
1
16. /’{he number of significant figures in 0.007 is ]
17 The nurlnber o?.si f2' Sl o N 4
. gnificant figures in 0.0060 x 10 180 is
(T ) S . Answer: A

e 2 Ty



