
CHAPTER 01 

General Physics 

Rules for Counting Significant Figures 

Rule 1 All non-zero digits are significant. For example, 126.28 has five 
significant figures. 

Rule 2 The zeros appearing between two non-zero digits are significant. 
For example, 6.025 has four significant figures. 

Rule 3 Trailing zeros after decimal places are significant. 
Measurement l = 6.400 cm has four significant figures . 

Let us take an example in its support. 

Measurement Accuracy / lies between (in cm) Significant figures 

I = 6.4 cm 0.1 cm 6.3-6.5 Two 

I = 6.40 cm 0.01 cm 6.39-6.41 Three 

I = 6.400 cm 0.001 cm 6.399-6.401 Four 

Remarks 

closer 

more closer 

Thus, the significant figures depend on the accuracy of measurement. More the 
number of significant figures, more accurate is the measurement. 

Rule 4 The powers of ten are not counted as significant figures. 

For example, 1.4 x 10-7 has only two significant figures 1 and 4. 

Rule 5 If a measurement is less than one, then all zeros occurring to the left of 
last non-zero digit are not significant. For example, 0.0042 has two significant 
figures 4 and 2. 

Rule 6 Change in units of measurement of a quantity does not change the 
number of significant figures. Suppose a measurement was done using mm scale 
and we get l = 72 mm (two significant figures). 
We can write this measurement in other units also (without changing the 
number of significant figures) : 

7.2 cm ➔ Two significant figures 
0.072 m ➔ Two significant figures 
0.000072 km ➔ Two significant figures 

7.2 x 107 nm ➔ Two significant figures 
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Rule 7 The terminal or trailing zeros in a number without a decimal point are not 
significant. This also sometimes arises due to change of unit. 

For example, 264 m = 26400 cm = 264000 mm 

All have only three significant figures 2, 6 and 4. 

Zeros at the end of a number are significant only, if they are behind a decimal point as 
in Rule 3. Otherwise, it is impossible to tell if they are significant. 

For example, in the number 8200, it is not clear, if the zeros are significant or not. The 
number of significant digits in 8200 is at least two, but could be three or four. 

To avoid uncertainty, use scientific notation to place significant zeros behind a decimal 
point 

8.200 x 103 has four significant digits 

8.20 x 103 has three significant digits 

8.2 x 103 has two significant digits 

Therefore, if it is not expressed in scientific notations, then write least number of 
significant digits. Hence, in the number 8200, take significant digits as two. 
Rule 8 Exact measurements have infinite number of significant figures. For example, 

10 bananas in a basket 

46 students in a class 

Speed of light in vacuum = 299,792,458 ml s ( exact) 
22 

7t = - (exact) 
7 

All these measurements have infinite number of significant figures. 

Rounding off a Digit 
Following are the rules for rounding off a measurement 

Rule 1 If the number lying to the right of cut off digit is less than 5, then the cut off digit 
is retained as such. However, if it is more than 5, then the cut off digit is increased by 1. 

For example, x = 6.24 is rounded off to 6 .2 to two significant digits and x = 5.328 is 
rounded off to 5. 33 to three significant digits. 

Rule 2 If the digit to be dropped is 5 followed by digits other than zero, then the 
preceding digit is increased by 1. 

For example, x = 14.252 is rounded off to x = 14.3 to three significant digits. 

Rule 3 If the digit to be dropped is simply 5 or 5 followed by zeros, then the preceding 
digit is left unchanged if it is even. 
For example, x = 6.250 or x = 6.25 becomes x = 6.2 after rounding off to two significant 
digits. 

Rule 4 If the digit to be dropped is 5 or 5 followed by zeros, then the preceding digit 
is raised by one if it is odd. 
For example, x = 6.350 or x = 6.35 becomes x = 6.4 after rounding off to two significant 
digits. 
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Algebraic Operations with Significant Figures 

Addition or Subtraction 
Suppose in the measured values to be added or subtracted, the least number of digits 
after the decimal is n. Then, in the sum or difference, the number of significant digits 
after the decimal should also be n . 

For example 1.2 + 3.45 + 6. 789 = 11.439 "" 11.4 
Here, the least number of significant digits after the decimal is one. Hence, the result will be 
11.4 (when rounded off to smallest number of decimal places). 

Multiplication or Division 
Suppose in the measured values to be multiplied or divided, the least number of 
significant digits be n. Then, in the product or quotient, the number of significant digits 
should also be n . 

For example 1.2 x 36. 72 = 44.064 "" 44 

The least number of significant digits in the measured values are two. Hence, the result when 
rounded off to two significant digits will be 44. Therefore, the answer is 44. 

Error Analysis 
• Least count 

Instrument 

mm scale 

Vernier callipers 

Screw gauge 

Stop watch 

Temperature thermometer 

• True value 

Its least count 

1 mm 

0.1 mm 

0.01 mm 

0.1 s 

l° C 

Usually the mean value am is taken as the true value. So, 
a1 + a2 + .. . +an 

am=-------

• Absolute error 

n 

L1a1 = a m - a l 

L1a2 = a m - a2 

L1an = a m - a n 

Absolute error may be positive or negative. 

• Mean absolute error 
~ _ I L1a1I + I L1a2 I + .. . + I ~an I 

amean-
n 

The final result of measurement can be written as, a = am ± ~amean . 
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• Relative (or fractional) and percentage error 

Relative error = ~amean 

am 
~a 

Percentage error= mean x 100 
am 

• Error in sum or difference 

Let x =a± b 

Then, ~=± (~a+ ~b) 

• Error in product 

• Error in division 

Let x = ab 

Then, ~x = ± (~a + ~b) 
x a b 

Let 
a 

x=-
b 

Then, ~x = ± (~a + ~b) 
x a b 

• Error in quantity raised to some power 

Experiments 

1. Vernier Callipers 

an 
Let x=

bm 

Then, ~x = ± (n ~a + m ~b) 
x a b 
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(i) VC = LC = 1 MSD = smallest division on main scale = 1 MSD _ 1 VSD 
n number of divisions on vernier scale 

(ii) In ordinary vernier callipers, 1 MSD= 1 mm and n = 10 

VCorLC = _!_mm = 0.01 cm 
10 

(iii) Total reading = (N + n x VC) (N = main scale reading) 

(iv) Zero correction= - Zero error 

(v) Zero error is algebraically subtracted while the zero correction is algebraically 
added. 

(vi) If zero of vernier scale lies to the right of zero of main scale, the error is 
positive. The actual length in this case is less tha n observed length. 

(vii) If zero of vernier scale lies to the left of zero of main scale, the error is 
negative and the actual length is more than the observed length. 

(viii) Positive zero error = (N + x x VC) 
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(ix) In negative zero error, suppose 8th vernier scale division coincides with the 
main scale division, then 

Negative zero error= - [0.00 + 8 x VC] = - [0.00 + 8 x 0.01cm] = - 0.08 cm 

2. Screw Gauge 

Least count= _______ p_it_c_h ______ _ 
number of divisions on circular scale 

Total reading = N + n x LC 

If the zero of the circular scale advances beyond the reference line, the zero 
error is negative and zero correction is positive. If it is left behind the 
reference line, the zero error is positive and zero correction is negative . 

For example, if zero of circular scale advances beyond the reference line by 
5 divisions, zero correction = + 5 x (LC) and if the zero of circular scale is left 
behind the reference line by 5 divisions, zero correction = - 5 x (LC). 

Circular scale 

,?G] 
Reference line ~ --

(a) Positive zero error 

Circular scale 

1E 
Reference line ~ ---

(b) Negative zero error 

Note In negative zero error, 95'h divisions of the c ircular scale is coinciding w ith the reference line. Hence, 
there are 5 divisions between zero mark on the circular scale and the reference line. 

3. Speed of Sound using Resonance Tube 
(i) Result is independent of end correction 

(ii) v = 2/([2 - l1 ), where f = frequency of tuning fork , 

l1 = first resonance length and l2 = second resonance length. 

( .. ") E d . l2 - 3ll 
111 n correct10n, e = ---

2 

4. Meter Bridge Experiment 
Meter bridge experiment is based on the principle of Wheatstone's bridge. 

Unknown resistance 
X 

Resistance box 

I(------~ 1(--------(100 - /)--~ 

E 

+ -
K 

5 
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When current through galvanometer is zero or bridge is balanced, then 
p R 

= 
Q X 

X = R(~) = cool - l) R 
End Corrections 
In meter bridge, some extra length (under the metallic strips) comes at points A and C. 
Therefore, some additional length (a and P) should be included at the ends. 
Here, a and p are called the end corrections. Hence, in place of l , we use l + a and in 
place of 100 - l, we use 100 - l + p. 
To find a and p, use known resistors R1 and R2 in place of R and X and suppose we get 
null point length equal to l1 . Then, 

R1 l1 + a 
=-----

R2 100- l1 + p 
... (i) 

Now, we interchange the positions of R1 and R2 and suppose the new null point length 
is l2 • Then, 

R2 l2 + a 
= -----

R1 100 - l2 + p 
Solving Eqs. (i) and (ii), we can find a and ~-

5. Post Office Box 

Post office box also works on the principle of Wheatstone's bridge. 

X 

A P B Q C 

~□□1 r \□□~~ 
~ 00 100 10 : 10 100 1000 

~~o□ctJ□□□~ 5000 2000',, 2000 1 000 : 500 200 200 1 00 
~ ' R 

D ',. I 

□□□□□□□ 1 2 2 ' ,~ : 10 20 20 50 
K;','.: K1 

~ ==:::;::::.:::=====rj :-, o:=-====::::~ ~__J 
~-J \v 

... (ii) 

E 

In a Wheatstone's bridge circuit, if p = R, then the bridge is balanced. So, unknown 
Q X 

resistance X = Q R. 
p 

P and Qare set in arms AB and BC, where we can have lOQ, lOOQ or 1000 Q 

resistances to set any ratio Q_ 
p 
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These arms are called ratio arms, initially we take Q = 10 Q and P = 10 Q to set Q = 1. 
p 

The unknown resistance (X) is connected between C and D and battery is connected 
across A and C. 

Now, put resistance in part A to D such that the bridge gets balanced. 

For this, keep on increasing the resistance with 1 Q interval, check the deflection in 
galvanometer by first pressing key K 1 , then galvanometer key K 2 . 

Suppose at R = 4Q, we get deflection towards left and at R = 5Q, we get deflection 
towards right. 
Then, we can say that for balanced condition, R should lies between 4 Q to 5 Q. 

Now, X = Q R = lO R 
P 10 

=R=4Qto5Q 

To get closer value of X , in the second observation, let us choose Q = ~ , i .e. (p = l OO) 
P 10 Q = 10 

Suppose now at R = 42Q, we get deflection towards left and at R = 43Q, deflection is 
towards right. 

So, R E ( 42, 43). 
Q 10 1 

Now X = - R = - R = - R where RE (42 43 Q). 
' P 100 10 ' ' 

Now, to get further closer value, take Q = -
1
- and so on. 

P 100 

The observation table is shown below 

Resistance in the ratio arms Unknown resistance 
Resistance in arm 

AD(R) (ohm) 
Direction of deflection Q X = - XR (ohm) 

AB (P) (ohm) BC(Q) (ohm) 

10 

100 10 

1000 10 

So, the correct value of Xis 4.25 Q. 

4 

5 

40 

50 

42 

43 

420 

424 

425 

426 

Left 

Right 

Left (large) 

Right (large) 

Left 

Right 

Left 

Left 

No deflection 

Right 

p 

4 to 5 

(4.2 to 4. 3) 

4.25 

7 
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6. Focal Length of Concave Mirror 

(1. ) 1 1 h - versus - grap 
V U 

1 
V 

1 A 
T 

1 C 
2f / : 

, , I 

,'45o : 8 
, I 

0 1 1 1 
2t T u 
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The coordinates of point Care(_!_ , _!_) · The focal length of 
2/ 2/ 

the concave mirror can be calculated by measuring the coordinates of either of 
the points A, B or C. 

(ii) v versus u graph 

V 

2f ,,",. : 
,' I 

, I 

, , 45° : 
--+-~-~----~ u 

2f 

From u-u data, plot u versus u curve and draw a line bisecting the axis. Find 
the intersection point and equate them to (2/, 2/). 

(iii) By joining vn and Un 

All lines intersect at a common point(/,/). 

Find common intersection point and equate it to (/, /). 
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7. Focal Length of Convex Lens 

(1
.) 1 1 h versus- grap 

V U 

The focal length of convex lens can be calculated by measuring the coordinates 
of either of the points A, B or C. 

1 
v 

1 A 
f 

1 
2f 

B 
0 1 1 u 

2f T 

(ii) v versus u graph 

By measuring the coordinates of point C, whose coordinates are (2/, 2/), we 
can calculate the focal length of the lens. 

V 

2f _____ _\ C _:~ ,,,,.✓ : 

, ' 
/ ' 

45° i 
__,_~~~------> U 
0 2f 

(iii) By joining vn and un 

All lines intersect at a common point (- f , f). 
V 

Find common intersection point and equate it to(- / , f). 
Note All graphs are for real images. 

9 
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Physical quantities having the same dimensions 

Vectors 

Physical Quantities or Combination of Physical Quantities 

Angle, strain , sine, n, ex 

Work, energy, torque, Rhc 

Time, ~, CR, JLE 
R 

F R 1 1 I . d. d requency, w, - , - , r.r; • ve oc1ty gra 1ent, ecay 
L CR -vLC 

constant, activity of a radioact ive substance 

Pressure, stress, modulus of elasticity, energy density 

(energy per unit volume), e0E2 , £1 
µ o 

Angular impulse, angular momentum, Planck's constant 

Linear momentum, linear impulse 

Wavelength, rad ius of gyration, light year 

. 1 ✓GM E Velocity, ,,:-;-;- , - , -
-vE~o R B 

• R = IA+ Bl = .J A 2 + B 2 + 2AB cos0 = I RI 

Dimensions 

• Angle of R from A towards Bis given by, tana = Bsine 
A + B cos 0 

-----·-- -----·---·-- ···-. R 

/L..._.l..l.._ ____ ➔: A 

• If I Bl = I Al = A(say), then R = 2A cos~ and R passes along the bisector line of 
2 

A and B. 
In this case, if 

0 = 0°, 
0 = 60° ' 
0 = 90° , 
0 = 120° ' 

R = 2A 
R= ✓3A 
R = ✓2A 
R=A 

and 0 = 180° , R = 0 

• S = I A - Bl = .J A 2 + B 2 
- 2AB cos 0 = IS I 

Here, 0 is the angle between A and B, not the angle between A and - B. 
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• Angle of S from A towards-Bis given by, tana = Bsine 
A - Bcos0 

B 

0 
,.__,__a,----4 A 

- B ......................... .: s 

or angle of S from - B towards A is given by 

t A Asin0 an1-1=----
B - Acos0 

• If I BI= I A I = A (say), then S = 2Asin~ and S passes through the bisector line of 
2 

A and-B. 

In this case, if 

and 

0 = 0°, 

0 = 60°' 

0 = 90°' 

0 = 120° ' 

0 = 180°' 

S=0 
S=A 
S= ✓2 A 

S= ✓3 A 

S = 2A 
• In the figure shown, 

A 

diagonal, D1 = I A+ B or RI = -J A 2 + B 2 + 2AB cos 0 

diagonal, D 2 =IA- B or SI= ✓A2 + B 2 
- 2AB cos 0 

D1 = D 2 = -J A 2 + B 2
, if 0 = 90° 

• A· B = AB cos 0. Here, A and B are always positive as these are the magnitudes of 
A and B. Hence, 

0° ~ 0 < 90°, if A• Bis positive 

90° < 0 ~ 180°, if A· Bis negative. 

and 0 = 90°, if A· Bis zero. 

• I A x Bl= ABsin0 

• A x B = -B x A 
• Direction of Vector Cross Product When C= A x B, then the direction of C is at 

right angles to the plane containing the vectors A and B. The direction of C is 
determined by the right hand screw rule and right hand thumb rule. 

11 
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A 
0 

(a) 

B A 
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C 

(b) 

(a) Right Hand Screw Rule Rotate a right handed screw from first vector (A) 
towards second vector (B) through the smaller angle between them. The direction 
in which the right handed screw moves gives the direction of vector (C). 

(b) Right Hand Thumb Rule Curl the fingers of your right hand from A to B 
through the smaller angle between them. Then, the direction of the erect thumb 
will point in the direction of Ax B or C. 

• Direction Cosines of a Vector If any vector A subtend angles a, ~ and y with 
x-axis, y-axis and z-axis respectively and its components along these axes are Ax , A y 
and Az, then 

A A y A Z 
oosa=-x-, oos~=-, oosy=-

A A A 

and cos2 a+ cos 2 ~ + cos2 y = 1 

Here, cos a, cos~ and cosy are called the direction cosines of A along x, y and z-axis. 

• If we have to prove two vectors mutually perpendicular, then show their dot 
product equal to zero. 

• To prove two vectors mutually parallel or antiparallel, we have two methods : 
First Show their cross product equal to zero. 

Second Show that the ratio of coefficients of i, J and k of two vectors is constant. If 
this constant is positive, vectors are parallel and if this constant is negative, vectors 
are antiparallel. 

• Angle between two vectors In some cases, angle between two vectors can be 
obtained just by observation as given in following table : 

A B 0 between A and B 

2i 6i oo 
3j -5j 180° 

2i 3j - 4k goo 

6i 2i + 2j 45° 

8i -4i + 4j 135° 

In general, angle between A and B can be obtained by the following relation, 

_ 1 (A· B) 0 = cos AB 

I . 1 . -1 {I A X Bl} t 1s not a ways, sm AB 
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Let's Practice Explain the reason why 0 is not always given by the following 
relation? 

e = sin-1 {'A:BBI} 
A-B 

• Component of A along B = A cos 0 = --
B 

A 

~ ~--~---~-----➔) B 

Acose 

Similarly, component of B along A= B cos 0 = A· B 
A 

Component of A along B = component of B along A, if I Al = I Bl or A= B. 

Otherwise they are not equal. 

• If resultant of n vectors is zero, of which (n - 1) vectors are known and only one 
vector is unknown, then this last unknown vector is equal and opposite to the 
resultant of (n - 1) known vectors. 

• Vector sum of n vectors of same magnitudes is always zero if angle between two 

. . 1 (360) 0 

successive vectors 1s a ways ---;;-

• If resultant of A and Bis along PQ, then components of A and B perpendicular to 
PQ or along MN should be equal and opposite. 

····· N 

⇒ A cos a = B cos ~ 
and the resultant along PQ is, R = A sin a + B sin ~ 

• A unit vector perpendicular to both A and B 
~ A x B 
C=±--

IA x BI 

• i -i=] ·]=k-k=l,i-]=J·k=i-k=O 
• If coordinates of point A are (x1, y 1, z1) and coordinates of point Bare (x2 , y 2 , z 2 ), 

then 

13 
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0 

rB = x 21+ y2]+z2k 
S = rB - rA = (x2 -x1)1 + (y2 -y1) J + (z2 - z1) k 

= displacement vector from A to B 

• 1 x J = k, J x k = 1, k x 1 = J, 1 x k = - J, k x J = - 1 

J x 1 = - k, 1 x 1 = J x J = k x k = a null vector 

" i 

" k + " j 

-------
• If vectors are given in terms of 1, J and k, 

let A = a 11 + a 2 J + a3 k and B = b11 + b2 J + b3 k, then 

(i) I A I = A = ✓ af + a~ + a; and I Bl = B = ✓ bf + b~ + bi 
(ii) A + B = ( a 1 + b1) 1 + ( a 2 + b2) J + ( a3 + b3 ) k 

(iii) A- B = (a1 - b1)i+(a2 - b2) ]+ (a3 - ~) k 
(iv) A· B = a 1 b1 + a 2 b2 + a3 ~ 

1 J k 
(v)IA x BI= a 1 a 2 a3 =(a2b3 -b2a 3 )1+(b1a 3 -b3 a 1)j+(a1b2 -b1a 2)k 

b1 b2 b3 

(vi) Component of A along B 

= Acose = A -B = a 1b1 +a2b2 +a3 b3 

B ✓ bf + b~ + bi 

(vii) Unit vector parallel to A 

= A= A = a11 + a 2 J + a3 k 
A ✓af +a~ + a; 
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(viii) Angle between A and B, 

0 -i(A· B) =COS --
AB 

0 -1 ( a1 b1 + a2 b2 + a3 b3 ] = cos 
✓a~+ a~+ ai x ✓bf+ b~ + bi 

• (A+ B) is perpendicular to (A - B), if A= B. 

• (A x B) is perpendicular to both A and B separately, or it is perpendicular to the 
plane formed by A and B. 

• ix J should always be in the direction of k. 
• Pressure is a scalar quantity, not a vector quantity. It has magnitude but no direction 

sense associated with it. Pressure acts in all directions at a point inside a fluid. 

• Surface tension is scalar quantity because it has no specific direction. Current is 
also a scalar quantity. 

• Stress and moment of inertia are tensor quantities. 
• To qualify as a vector, a physical quantity must not only possess magnitude and 

direction but must also satisfy the parallelogram law of vector addition. 
For example, the finite rotation of a rigid body about a given axis has magnitude 
(the angle of rotation) and also direction (the direction of the axis) but it is not a 
vector quantity. 

This is so far the simple reason that the two finite rotations of the body do not add up 
in accordance with the law of vector addition. 

However, if the rotation be small or infinitesimal, it may be regarded as a vector 
quantity. 

• Area can behave either as a scalar or a vector and how it behaves depends on 
circumstances. 

• Area (vector), dipole moment and current density are defined as vectors with 
specific direction. 

• The area of triangle bounded by vectors A and Bis l.1 Ax Bl. 
2 

B -

L..,-'C~=-----~.....-:__.,~:_,. A 

• Area of parallelogram bounded by vectors A and Bis I Ax Bl. 
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