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1 SI Base Quantities and their Units 

Base quantities are fundamental physical quantities. All other quantities may be expressed in terms of 
base quantities. In SI (System International or International System of Units), seven quantities have 
been selected as base quantities. 

base quantity unit 

length 

mass 

time 

temperature 

current 

amount of substance 

luminous intensity 

metre (m) 

kilogram (kg) 

second (s) 

kelvin (K) 

ampere (A) 

mole (mol) 

candela (cd) 

Figure 1.1.1 
Notes 

 All physical quantities consist of a numerical magnitude and a unit (e.g. mass of a body = 2 kg). 

 Luminous intensity is not included in A-level Physics syllabus. 

Now it's your turn 

Do, in your workbook, the following questions (of chapter 1.1) in the same order: 

10, 4 

 

 

Important Notes 

 The formulas/equations with borders (rectangles) drawn around them are very important from the 
examination point of view, but the formula sheets of paper 1 (MCQ paper) and paper 2 (theory 
paper) do not contain these formulas; so students are advised to memorise them. 

 Keywords have been underlined throughout the text. Definitions/statements lacking keywords are 
not awarded full marks (as indicated, in blue, at the end of the definitions/statements); so 
students are advised to pay special attention to the keywords (as they memorise the 
definitions/statements). 

 Bracketed information only serves as an additional detail that is not required (in order for the 
examiner to award the intended marks). 

  

.[2] 

www.qu
ali

ty-
no

tes
.co

m



PHYSICAL QUANTITIES AND UNITS (PART 1) 

 Compiled by A N Chowhan (Headstart School, Islamabad) 

2 Determining SI Base Units of Derived Quantities 

All physical quantities other than base quantities (e.g. speed) are called derived quantities. These 
quantities may be expressed in terms of base quantities, and hence their units may be expressed as 
products or quotients of base units (e.g. SI base units of speed are ‘m s

–1
’). 

Notes 

 The only thing needed to determine the SI base units of a derived quantity is its expression in 
terms of base quantities. 

 The correct definition of a physical quantity uses other quantities, NOT their units. For example, it 
is technically incorrect to define density as the mass per cubic metre; rather, it should be defined 
as the mass per unit volume. 

Example 1 

Determine SI base units of force (F). [1] 

Solution 

 F = ma 
So: 
  SI base units of F = kg m s

–2
 

Example 2 

Determine SI base units of pressure (P). [1 or 2] 

Solution 

 P =
F

A
=

ma

A
 

So: 

  SI base units of P =
  

2

2

kg . m s

m



= kg m
–1

 s
–2

 

Example 3 

Determine SI base units of work (w). [1 or 2] 

Solution 

 w = Fs = ma . s 
So: 
  SI base units of w = kg . m s

–2
 . m = kg m

2
 s

–2
 

Note 

As work and energy have the same SI unit (joule), so SI base units of work can also be determined by 
using the expression for kinetic energy (Ek) or gravitational potential energy (Ep) as done below: 

 Ek =
2

1

2
mv  

So: 
  SI base units of Ek = kg . (m s

–1
)
2
 = kg m

2
 s

–2
 

Likewise as: 

 Ep = mgh 
So: 
  SI base units of Ep = kg . m s

–2
 . m = kg m

2
 s

–2
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3 Checking the Homogeneity of Physical Equations 

Example 1 

Check whether or not the following equation is homogenous: 

  s = 2
1

+
2

ut at  ………. (i) 

where s is displacement, u is initial velocity, t is time and a is acceleration. 

Solution 

  SI base unit of s = m 

  SI base unit of ut = m s
–1

 . s = m 

  SI base unit of 2
1

2
at = m s

–2
 . s

2
 = m 

As all the terms in Eq. (i) have the same SI base unit, so it is a homogenous equation. 

Example 2 

Check whether or not the following equation is homogenous: 

  s = 2
1

+
2

ut at  ………. (ii) 

where s is displacement, u is initial velocity, t is time and a is acceleration. 

Solution 

  SI base unit of s = m 

  SI base unit of ut
2
 = m s

–1
 . s

2
 = m s 

  SI base unit of 
1

2
at = m s

–2
 . s = m s

–1
 

As different terms in Eq. (ii) have different SI base units, so it is a non-homogenous equation. 

Notes 

 A correct physical equation (e.g. P = gh) is always homogenous. 

 A non-homogenous equation is always incorrect. 

 Rearranging an equation does not affect its homogeneity. 

Now it's your turn 

Do, in your workbook, the following questions (of chapter 1.1) in the same order: 

2, 7, 22, 3, 17, 13, 14, 8, 16 
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Important Note 

In all solved past-paper questions throughout the text, things (such as text/formula/drawing) 
written/drawn in red serve as additional explanations only, so students are not required to write/draw 
them in order to score the intended marks. 
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4 Prefixes 

prefix symbol value 

pico 

nano 

micro 

milli 

centi 

deci 

kilo 

mega 

giga 

tera 

p 

n 

 

m 

c 

d 

k 

M 

G 

T 

10
–12

 

10
–9

 

10
–6

 

10
–3

 

10
–2

 

10
–1

 

10
3
 

10
6
 

10
9
 

10
12

 

Figure 1.1.2 

Notes 

 Prefixes are used to indicate decimal submultiples or multiples of both base and derived units. For 
example: ‘1 cm’ is a decimal submultiple of metre (m). 

 The symbol of prefix is always written before the symbol of unit (e.g. 1 mm for one millimetre). 

 Two prefixes cannot be combined. For example, 1  10
6
  10

3
 m should not be written as: 1 Mkm; 

rather, it should be written as: 1 Gm (which is equal to 1  10
9
 m). 

 The use of prefixes makes the process of converting a unit into a larger or a smaller unit very 
simple. For example: 

  2.4 cm = 2.4 × 10
–2

 m 

  2.4 cm
2
 = 2.4 (cm)

2
 = 2.4 × (10

–2
 m)

2
 = 2.4 × 10

–4
 m

2
 

  2.4 cm
3
 = 2.4 (cm)

3
 = 2.4 × (10

–2
 m)

3
 = = 2.4 × 10

–6
 m

3
 

Now it's your turn 

Do, in your workbook, the following questions (of chapter 1.1) in the same order: 
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5 Conventions for Labelling Graph Axes and Table Columns 

Let us imagine a car moving along a straight road with uniform acceleration. The table in Fig. 1.1.3 (a) 
shows the values of velocity (v) of the car at different instants of time (t), and the graph in Fig. 1.1.3 
(b) shows the variation with time of the velocity of the car. 

 

                                           Figure 1.1.3 (a)                                                              Figure 1.1.3 (b) 

Note 

The headings of table columns (and likewise the labels of graph axes) should contain both: the 
quantity and its unit, with the distinguishing mark ‘/’ between them (such as t / 10

2
 s). 

6 Making Reasonable Estimates of Physical Quantities 

Example 1 

Make reasonable estimate of the mass, in grams (g), of an apple. [1] 

Solution 

(It may be assumed that there are on average 5 apples in 1 kg (or 1000 g). So, the mass of an apple 
may be estimated to be:) 

200 g 

(According to the mark scheme, any value from 50 g to 500 g is acceptable for the reasonable 
estimate of the mass of an apple) 

Example 2 

Make reasonable estimate of the volume, in cm
3
, of the head of an adult person. [1] 

Solution 

(It may be assumed that the volume of the head of an adult person is almost equal to the volume of a 
sphere of diameter 20 cm or radius 10 cm. Now, the volume of a sphere of radius 10 cm is calculated 
as: 

 V = 3
4

3
r = 3

4
(10)

3
 = 4189 cm

3
 

So, the volume of the head of an adult person may be estimated to be:) 

4000 cm
3
 

(According to the mark scheme, any value from 2000 cm
3
 to 9000 cm

3
 is acceptable for the 

reasonable estimate of the volume of the head of an adult person) 

Notes 

 When making an estimate, DO NOT try to state the whole range of acceptable values. 

 State your estimate to no more than 2 significant figures. 

Now it's your turn 

Do, in your workbook, question 19 (of chapter 1.1). 
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7 Scalars and Vectors 

Scalar quantities only have magnitude (e.g. mass); whereas vector quantities have both: magnitude 
and direction (e.g. force). [2] 

Notes 

 scalar × scalar = scalar (e.g. speed × time = distance travelled) 

 scalar × vector = vector (e.g. mass × velocity = momentum) 

 vector × vector = scalar or vector (e.g. force × displacement = work) 

  (also: force × displacement = moment of a force) 

 Square of a vector is always a scalar. (e.g. velocity
2
 is a scalar) 

Representation of a Vector 

Let us imagine a force (F) of 25 N acting to the right on a body. This force can be represented 
graphically by a line segment, with an arrowhead drawn at the right end (or in the middle of the line), 
as shown in Fig. 1.1.4. 

 

Figure 1.1.4 

Notes 

 The length of line segment indicates the magnitude of the vector (according to the scale). 

 The arrowhead indicates the direction of the vector. 

Negative of a Vector 

The negative of a vector (A) is a vector having the same magnitude (as A) but opposite direction, as 
shown in Fig. 1.1.5. 

 

Figure 1.1.5 

Physical Significance of ‘+’ and ‘–’ Signs for Scalars and Vectors 

 If, when evaluated, a vector turns out to be negative (e.g. velocity after collision = – 2 m s
–1

), it 
means that its direction is opposite to the direction taken as positive, and vice versa. 

 If however a scalar turns out to be negative (e.g. temperature = – 10 C), it does not mean that it 
has opposite direction (as scalars don’t have direction); rather, it means that it is even less than 0, 
and vice versa. 

 If change in a scalar turns out to be negative (e.g. change in KE = final KE – initial KE = – 15 J), it 
means that the scalar decreases, and vice versa. 

 If however change in a vector turns out to be negative (e.g. change in velocity = – 10 m s
–1

), it 
does not mean that the vector decreases; rather, it means that the change in the vector takes 
place in the direction opposite to the direction taken as positive. 
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8 Vector Addition and Subtraction 

Example 1 (vector addition) 

If: 

 

Figure 1.1.6 (NOT TO SCALE) 

then determine the magnitude and direction of the resultant of the two forces acting at point X. [3 or 4] 

Method 1 (head-to-tail method) 

Scale: 1 cm = 2 N 

 
Now as: 

 length of resultant force vector = 11 cm (where 1 cm = 2 N) 
so: 
 magnitude of the resultant force = 11 × 2 

  = 22 N 
Likewise: 

 direction of the resultant force = 37 above the horizontal 

Steps of Working 

1 Choose appropriate scale. 

2 Draw any one of the two vectors according to the scale, and in the right direction. 

3 Starting from the head of the first vector draw the second vector (also according to the scale and 
in the right direction). 

4 Join the tail of the first vector to the head of the second (or final) vector by a straight line and draw 
two arrowhead symbols (pointing from the tail of the first vector to the head of the second vector) 
in the middle of the line. The length of this line indicates the magnitude of the resultant vector, and 
its direction indicates the direction of the resultant vector. 

www.qu
ali

ty-
no

tes
.co

m



PHYSICAL QUANTITIES AND UNITS (PART 1) 

 Compiled by A N Chowhan (Headstart School, Islamabad) 

Method 2 (parallelogram method) 

Scale: 1 cm = 2 N 

 
Now as: 

 length of resultant force vector = 11 cm (where 1 cm = 2 N) 
so: 
 magnitude of the resultant force = 11 × 2 

  = 22 N 
Likewise: 

 direction of the resultant force = 37 above the horizontal 

Steps of Working 

1 Choose appropriate scale. 

2 Starting from the same point draw both vectors (according to the scale and in the right directions). 

3 Draw a line parallel to one vector and passing through the head of the other vector. 

4 Repeat step 3 for the other vector. 

5 Join the tail point of both vectors to the point of intersection of the two lines drawn in steps 3 and 
4 by a straight line, and draw two arrowhead symbols (pointing from the tail point of the vectors to 
the point of intersection of the lines) in the middle of the line. The length of this line indicates the 
magnitude of the resultant vector, and its direction indicates the direction of the resultant vector. 
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Example 2 (vector subtraction) 

If: 

 

Figure 1.1.7 (NOT TO SCALE) 

then determine the magnitude and direction of F1 – F2. [3 or 4] 

Solution 

As: 
 F1 – F2 = F1 + (– F2) 

So (the magnitude and direction of) ‘F1 – F2‘ can be determined by adding F1 to ‘– F2’ as done below: 

Scale: 1 cm = 2 N 

 

Now as: 

 length of F1 – F2 vector = 6.5 cm (where 1 cm = 2 N) 
so: 
 magnitude of F1 – F2 = 6.5 × 2 

  = 13 N 
Likewise: 

 direction of F1 – F2 = 79 below the horizontal 
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Triangle Sum Theorem, Sine Rule and Cosine Rule 

If:  

 

Figure 1.1.8 (NOT TO SCALE) 

then by triangle sum theorem: 

180A B C     

by sine rule: 

sin sin sin

a b c

A B C
   

and by cosine rule: 
2 2 2 2 .cosa b c bc A    

Note 

If the magnitudes of any two angles and one side (or one angle and two sides) in a triangle are 
known, then the magnitudes of the remaining angles and sides can be determined by simply using the 
above theorem and rules (i.e. without having to draw the scaled vector triangle). 

Now it's your turn 

Do, in your workbook, the following questions (of chapter 1.1) in the same order: 

1, 6, 11, 15, 9, 5, 18 
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9 Vector Resolution into Perpendicular Components 

Let us consider a force of magnitude F acting at point O at angle  to the horizontal as shown in Fig. 
1.1.9. If we draw a normal from the head of F onto horizontal axis, we get Fx (the horizontal 
component of force F). Likewise, drawing a normal from the head of F onto vertical axis gives Fy (the 
vertical component of force F). 

 

Figure 1.1.9 

Note that the vector addition of forces Fx and Fy gives force F. This implies that force F may be 
represented by two perpendicular forces Fx and Fy acting together (i.e. simultaneously). Fx and Fy are 
called the perpendicular components of force F. Now, in the right-angled triangle OAB: 

2 2= +x yF F F  

= cosxF F   

= sinyF F   

= tan
y

x

F

F
  

where F, Fx and Fy represent the side-lengths of the triangle OAB. 

Notes 

 In a right-angled triangle, the side opposite to the right angle is the hypotenuse (hyp.), and the 

side opposite to angle  is equal to ‘hyp. × sin ’. So, if: 

     

Figure 1.1.10 
 then: 

  Fx = F sin  
 and: 

  Fy = F cos  

 Any vector quantity (e.g. displacement, velocity, momentum etc.) can be resolved into its 
perpendicular components. 
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Example 

If: 

                                       

Figure 1.1.11 

then determine the magnitudes of normal reaction R and friction f acting on the cube resting on the 
inclined plane. 

Solution 

Resolving the weight W of the cube into perpendicular components (one along the inclined plane, and 
the other, perpendicular to the plane) gives: 

                                                        

Now as the cube is stationary, so all the four forces acting on it (R, f, W cos  and W sin ) must be 
cancelling out each other. In other words, any force acting on the cube in one direction must be equal 
in magnitude to the force acting on it in the opposite direction; so: 

 f = W sin  and R = W cos  

  = mg sin   R = mg cos  

  = (0.5)(9.81) sin 30   = (0.5)(9.81) cos 30 

  = 2.5 N   = 4.2 N 

Note 

Component of weight W of a body down an inclined plane is always equal to ‘W sin ’, where  is the 
angle the plane makes with the horizontal. 

Now it's your turn 

Do, in your workbook, question 20 (of chapter 1.1). 
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