
Physics 
 

Key Skills to develop 

and refine 

 

Using vectors. Algebra and logarithms. Dimensional analysis. Graphing. MS 

Excel. 

1.  

 

 

Watch through this playlist of videos, completing the tasks below after the 

appropriate videos. 

https://youtube.com/playlist?list=PLhWoFJbwn00wDnH6wvnm0TzbjErRqs

yU_ 

 

2. 

 

Answer the questions in this document. Check your answers where they are 

available. 

 

Compulsory  

task 

  

All of the above, and make a note of any difficulties you encountered to 

discuss when you start in September. 

Autumn preparation There will be a test at the start of Year 12 about this summer work. Be 

ready for it. 

 

 

https://youtube.com/playlist?list=PLhWoFJbwn00wDnH6wvnm0TzbjErRqsyU_
https://youtube.com/playlist?list=PLhWoFJbwn00wDnH6wvnm0TzbjErRqsyU_


Bridging the Gap: GCSE to A Level Physics 
Lesson 1: Vectors 
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You might have to look up ‘normal reaction force’ again for this, but it is GCSE Level 
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1-4 DIMENSIONAL ANALYSIS
Dimensions

Experience has shown that there are three basic ways to describe any physical quantity:
the space it takes up, the matter it contains, and how long it persists. All descriptions of
matter, relationships, and events are combinations of these three basic characteristics.
All measurements can be reduced ultimately to the measurement of length, time, and
mass. Any physical quantity, no matter how complex, can be expressed as an algebraic
combination of these three basic quantities. Speed, for example, is a length per time.

Length, time, and mass therefore have a significance far beyond that of providing
the basis of a system of units. They specify the three primary dimensions. We use the
abbreviations [L], [T], and [M] for these primary dimensions. The dimension of a
physical quantity is the algebraic combination of [L], [T], and [M] from which the
quantity is formed. The speed v provides an example. The dimension of v is

[v] = [VT] or [LT-I ].

Do not confuse the dimension of a quantity with the units in which it is measured. A
speed may have units of meters per second, miles per hour, or, for that matter, light- no

years per century. All of these different choices of units are consistent with the di-
mension [IT -I ]. In what follows, the square brackets, as used here, indicate that we
are dealing with dimensions.

Any physical quantity has dimensions that are algebraic combinations [UVM S] of
the primary dimensions, where the superscripts q, r, and s refer to the order (or power)



of the dilnension. Thus, for exatnple, an area has dimension [1.21. If all of the expo.
nents q, r, and s are zero, the combination will be dimensionless. The exponents q, r,
and s can be positive integers, negative integers, or even fractional powers.

Dimensional Analysis

Study of the dimensions of an equation—dimnensional analysis—is an important ex-
ercise with several different uses in physics. Any equation that relates physical quan-
tities must have consistent dimensions; that is, the dimensions on one side of an equa-
tion 'nust be the smne as those on the other side. This provides a valuable check for
any calculation. Dimensional analysis can also reveal scaling laws (see Section 1—7),
which describe how changing one quantity in a physical situation requires changes in
others. Finally, when there is reason to believe that only certain physical quantities can
enter into a physical situation, dimensional analysis can provide us with powerful in-
sights.

Let's look at some examples of dimensional analysis. In Chapter 7, we derive a
relation between the height h of a dropped object and the speed of that object. This re-
lation involves the acceleration of gravity, g, a quantity whose dimension is [g] =
[LT21. The relation reads

1 2

2

Let's compare the dimensions on each side of this equation. The dimension of h is [L],
so the left-hand side has dimensions = [L2T¯2]. The right-hand side has the
dimensions of speed squared, = [L2T ̄ 2]. Thus the dimensions match. If,
through error, we had written a relation gh2 = \v 2, then this check would have revealed
the error. Note that dimensional analysis does not help us understand the numerical
factor

EXAMPLE 1—2 Newton's law of universal gravitation gives the force between

Use dimensional analysis to find the units of the gravitational constant, G.

Solution: First, the dimensions of the two sides of the equation must match. In
the previous section, we learned that the unit of force is the newton, equivalent to
kg • m/s2. Using these units, the dimensions of force must be [MLT ̄ 21. We now know
the dimensions of every quantity in the equation for gravitational force except G
Writing the dimensions for both sides gives

[MLT-2J = = [Gl[M 2L-21.

Note that the individual dimensions can be consolidated inside the square brackets
or left within their own brackets—whichever is easiest. We solve for the dimension
of G as

[MLT -21

[M 2L- 2
]

= = [M-l L3 T-2 1.



1—4 Dimensional Analysis

of & baseball is denoted by mv2/2

p2/2m, where m is the baseball's mass and v is its speed. This

relation can be used to define p, the baseball's momentum. Use

dimensional analysis to find the dimensions of momentum.



22. (I) One of Einstein's most famous results is contained in the
formula E = mc2, where E is the energy content of the mass
m, and c is the speed of light. What are the dimensions of E?

23. (I) A length L that appears in atomic physics is given by the
formula L = h/mec, where me is the mass of an electron, c is
the speed of light, and h is a constant known as Planck's con-
stant. What are the dimensions of h?

24. (Il) What are the dimensions of h2/m3 G, where h is a constant

called Planck's constant, m is a mass, and G is the gravita-
tional constant? The dimensions of the constants in this for-
mula can be found in the list of physical constants given in
Appendix Il.

25. (Ill) A force F acting on a body of mass m a distance r from
some origin has magnitude F = Ame ar/r 3 , where A and a

are both constants. The constant e = 2.718 ... is Euler's con-

stant. Given that the force has dimensions kg • m/s2 , what are

the dimensions of (a) the constant a? (b) the constant A?



*1—7 The Uses of Dimensional Analysis

53. (Il) We have seen in the text that the period of a simple pen-

dulum is independent of the mass of the pendulum bob.

Further, we have seen that the dimensional relation between

the period, T, the length, C, of the pendulum, and the acceler-

ation of gravity, g, takes the form

Use the fact that the dimension of T is [T], that of C is [L],

and that of g is [L/T2] to show that

54. (Il) In quantum mechanics, the fundamental constant called

Planck's constant, h, has dimensions of [ML2 T ̄ 1 ]. Construct

a quantity with the dimensions of length from h, a mass m,
and c, the speed of light.

55. (Il) It is known that the quantity Ke2/hc is dimensionless (K is

a numerical constant; h and c are as discussed in Problem 54).

(a) What are the dimensions of e? (b) What are the dimensions

of e2/R, where R is a length?

56. (Il) You are told that the speed of sound in a metal depends
only on the density p ([ML-3 ]) and on the bulk modulus of
the metal, B, which has dimensions [ML̄ I T ̄ 2]. Express the
sound speed in terms of p and B.



72. (Il) A mouse is 10 cm in length, whereas an elephant is 4 m

in length. The amount of food an animal must eat is propor-

tional to its heat loss, and the heat loss is proportional to its

surface area. Compare the percentage of body weight that a

mouse and an elephant must eat each day. Ignore the detailed

differences in shape between an elephant and a mouse.



81. (Ill) A stretched wire has three physical attributes: the density
A, or mass per unit length; the total length C; and the tension
T. The latter is related to how hard the wire is being pulled to
keep it stretched, and has dimensions of [MLT¯2]. Show by
dimensional analysis that if the time to of one back-and-forth
vibration of the wire in a direction perpendicular to its length
depends only on these three quantities, then to has the form
to = (a constant) C NTT.



66. (Il) The gasoline usage rate required to propel an automobile

is very roughly proportional to the mass of the automobile. As-

suming that the proportions and types of materials of an au-

tomobile do not change, calculate the percentage gasoline sav-

ings that would be realized if cars were reduced by 12 percent

in all their dimensions.

67. In aquatic animals, the energy E available for motion is pro-

portional to the mass of the animal, and the friction F with

their skin is proportional to the surface area. All such animals

have the same density, very close to that of water. If the max-

imum speed v such an animal can reach varies as V'ü, show

that v is also proportional to N/f, where L is some length
characterizing the animal's size.



21. [MLT -I ].

23. [ML2T-l ].

25. (a) [a] = [FI], (b) [Al = [L4T-2].
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