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A.2 
Getting the most out of lectures 

•  Make it easy to concentrate 
–  Be ready on time 
–  Phones to silent 
–  Latecomers at back 

•  Interact 
–  Contribute to class discussions 
–  Ask questions of general 
  concern 
–  Stop me if there’s a problem 

•  Prepare 
–  Expected to research topics 
   prior to class 
–  Complete specific tasks given 

•  Make notes 
–  Bring pens & paper 
–  Add info, comments, queries 
   pointers, sketches, highlights… 
–  Code, date and file 



A.3 
University learning continues outside class… 

•  Reading books 
–  Any good A-level physics text 
book 
–  E.g., Tipler, “Physics for 
Scientist and engineers”, WH 
Freeman & Co. 
–  Book shop or library 
www.surrey.ac.uk/library 

•  Lecture slides 
–  Module web pages 
www.surrey.ac.uk/Teaching 
> Online Course Materials 
> Electronics III 
–  Ulearn 
ulearn.surrey.ac.uk 

•  Exercises/tutorials 
–  TPAS questions, peer 
assessment and personal 
tutorials 
–  Examples will be made 
available on web site 

•  Past exam papers 
–  Last year’s paper available 
online from the library 
–  Relevant papers from previous 
years described on web site 



A.4 
Contents 

Physical quantities 
Quantities, SI units and dimensions. 
Dimensional analysis and scaling. 

Static forces 
Force as a vector, resultant force and equilibrium. 
Moment of a force and torque. 

Motion 
Displacement, velocity and acceleration. 
Rotational motion of a rigid body. 

Forces in motion 
Newton’s laws. Momentum, work and power. KE, 
PE and conservation of energy.  

Waves 
Mechanical oscillation, SHM, wave equation. 



A.5 

Physical quantities 

•  International System of Measurement 
–  Quantities and units 
–  Notational conventions 

•  Dimensional analysis 
–  Base quantities and their dimensions 
–  Dimensional equivalence 

checking equations 
–  Dimensionless quantities 

scaling experimental results 



A.6 Common units, quantities, 
symbols and scales 

Distance 

Time 

Mass 

Temperature 

Angle 

Frequency 

Data 

1012 tera, T 

109 giga, G 

106 mega, M 

103 kilo, k 

 

10-3 milli, m 

10-6 micro, µ

10-9 nano, n 

10-12 pico, p 



A.7 International System of 
Measurement 

S.I. = Système International d’Unités 

Definitions of base quantities,  
dimensions and their units 

time   T      second:   1s = 9,9192,631,770 vibrations of a 
Caesium atom (accurate to 1s in 300,000 years) 

length     L     metre:      1m = 1,650,763.73 x λ (wavelength of 
orange light from krypton atom) 

mass     M     kilogram:  C12 atom is 1.660540 x 10-27 kg 

Other SI units can be derived from these fundamental units: 
e.g., newton, pascal, joule, ohm, farad, henry, etc. 

Other base quantities (and dimensions): 
ampere (I), kelvin (Θ), Mole (N), Candela (J) 



A.8 
Base quantities and dimensions 

Quantity Dim. Unit Symbol 

mass M kilogram kg 

length L metre m 

time T second s 

current I ampere A 

temperature Θ kelvin K 

substance N mole mol 

luminosity J candela cd 



A.9 
Examples of dimensional analysis 

Dimension of a quantity is related to the combination of fundamental 
units (MLT) that make it up. 

Area, A = l1 x l2 

L2 = L x L 

m2 

Volume, V = l1 x l2 x l3 

L3 = L x L x L 

m3 

l1 

l2 

l1 

l2 

l3 

quantity 

dimension 

unit 



A.10 

Speed = distance/time, 

 dimension  LT-1 

 unit metre/second (ms-1) 

 

Density = mass/volume, 

 dimension M/L3 = ML-3 

 unit (kg m-3) 

 

Kinetic Energy = ½ mv2 (1/2 mass x velocity squared) 

 dimension M(LT-1)2 = ML2T-2 

 unit (joule, J = kg m2 s-2) 

Examples of dimensions 



A.11 Formula checking  
by dimensional analysis 

Dimensional analysis can be used to check 
quickly the plausibility of formulae. 

E.g., is the area of a circle given by: 

 A = 2πr ? 

Dimensions of LHS and RHS disagree, 

dim[A] = L2, dim[2π] = 1, dim[r] = L: 

 L2 ≠ L 

Therefore cannot be correct! 

Dimensional equality is a necessary but not 
sufficient condition for an equation to be true! 

r 

r 



A.12 

Finding dimensions of resistance  

Given the dimensions of voltage M L2 T-3 I-1(i.e., potential difference), use 
Ohm’s Law to derive the dimensions of electrical resistance. 

Ohm's law gives us the relationship between 
resistance, voltage and current, R = V / i 

Hence, we can say of their dimensions, 

 dim[R]  = dim[V] / dim[i] 

 = M L2 T-3 I-1 / I 

 = M L2 T-3 I-2  

and express resistance using SI base units: 

     1 Ω  = 1 kg m2 s-3 A-2  



A.13 

Example of a simple pendulum  

What factors might effect the period τ of a 
swinging pendulum? 

Mass of the bob, m 

Length of string, l 

Acceleration under gravity, g 

τ = k ma lb gc 

Clearly M does not appear in T so this term can be 
eliminated, i.e., a = 0. 

T = Lb (LT-2)c 

L does not appear on LHS, so b = -c 

c must be -½ to keep T the same, so b = ½ 

Therefore T = M0 L1/2 (L/T2)-1/2 

dim[τ] = T 

dim[m] = M 

dim[l] = L 

dim[g] = LT-2 

T = Ma Lb (LT-2)c 

 

! 
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A.14 Summary of physical quantities, 
units and dimensions 

•  Physical quantities 
–  SI units and notation 
–  Fundamental units and dimensions 

•  Dimensional analysis 
–  How to derive a quantity’s dimensions 
–  Using dimensional analysis to check a formula 
–  Dimensionless quantities 



A.15 
Exploiting dimensions to our advantage 

•  Dimensions of physical constants 
–  What are physical constants? 
–  Do they have dimensions? 
–  How should we deal with them in 

formulae? 

•  Dimensionless quantities 
–  What are the benefits of testing a scale 

model? 
–  How should we define a quantity that 

scales? 
–  How can we use experimental results 

from a model? 



A.16 
Preparing to take advantage 

•  Dimensions of physical constants 
–  Definition of a physical constant 
–  2 examples of a physical constant, values and units 
–  Dimensions of your example constants 

•  Dimensionless quantities 
–  2 reasons for using a scale model 
–  1 example of a dimensionless quantity 
–  Example of how you would use it for scaling 


