Maths for Physics course

Although ‘A’ level Maths is not a requirement for ‘A’ level Physics it is
critical for your success at ‘A’ level Physics that you are very confident at
the Mathematical techniques in this booklet.

In the first few weeks of year 12 at King Edward VI you will be given a
‘Maths for Physics’ test. This will include rearsranging equations,
trigonometry, Pythagoras’ theorem, indices, standard form, significant
figures, substituting numbers into formula, prefixes (eg. What do Mega
and nano mean) and graphs. This booklet has been prepared In order to
help you with the test.

Your Task

1. Read through ALL of the booklet
2. Read through the booklet again, completing the following student
tasks as you get to them.
o Student task 1.1
» Student task 1.2
e Student task 1.3
o Student task 1.4
e Student task 2.4
o Student task 2.7
e Student task 4.3
¢ Student task 4.4 & 4.5
3. If there is anything that you don’t understand you need to research
the problem.
. Revise, using the booklet, for the test in the first few weeks back.
Hand In your completed exercises to your Physics teacher in your
FIRST lesson back.
6. Past experience has shown us that student’s that don‘t do well on
the *Maths for Physics’ test find the Physics ‘A’ level very difficult.
Please work hard at mastering the technigues in this booklet!

L




1.3 THE BASIC RULES OF ALGEBRA AND ARITHMETIC

In order to be able to manipulate algebraic
equations as well as carrying out numerical
caleulations, you must know and understand
the basic rules of algebra, Four useful
examples are shown in Table 1.2,

1.4 HANDLING INDICES

Table 1.2 Simple algebrale rules

Example
by = y+y+.(btimes) 8y = y+y+y
ay + by =(a + bly 2y +3y =3y
1.y 1Y
Ol G) °
® = G

¥ means y multiplied by itself a times, For example, 43 means 4x 4 x4 =64,
ais called the index, or the power to which y is raised. (We say, for example 'y to the power of &'

or ‘4 to the power of 3')

Many scientific equations contain indices. The rules for manipulating indices are shown in

Table 1.3
Table 1.3 Handling Indices

Algebraic example Numexical example
¥t = % y? = %} £=% = L-o0s8
1 1 i
v =3y ¥ 4 =/t =2
y+y®  connot be simplified £+ 816+ 64 =150
¥ X yP =y Pxyd=y° £ x £=4"=100
ya— + y?._ o 42_ _1_1_
.;E_ya F‘_y =y 4_3.-4 =4=025
G =y 4 =y* (@ = £ = 1096
b i 3
yi=3y" =3y £ =8
yD= 1 40 = 1 .
& Studenttask 1.1 b) Calculate the values of the following:
a) Simplify the following - . B% i) g2
D Exy D Yy v oo meE
i) (94 ) Sy xdyl iv) & v 167 v 6




1.5 CHANGING THE SUBJECT OF AN EQUATION

In the equation v =1 + at, v is known as the
subject of the equation. You can calculate a
value for v if you know the values of u, 2 and
t by substituting these values into the
equation. However, you may need to
calculate the value of £, for example, so you
wotild need to make f the subject of the
equation.

Changing the subject of an equation is based
on the general principle:

Whatever change you make to one side of
the equation, you must make the same
change to the other side,

The following examples should make this
clear.

I) Additlon and subtraction
The equation for resistors in sexies is:

RT = R] + RZ
To make Ry the subject of the equation, we
subtract R, from the right hand-stde, leaving
only R, so we also subtract R, from the left-
hand side, giving:

RT - .R2 = R‘l
ar R'l = RT - R2
Effectively, we have moved Rj to the other

side of the equation and changed its sign
from positive to negative.

If something which is added to one side of
an equation is moved to the other side, it
changes its sign from positive to negative,
Conversely, if something which is
subtracted from one side of an equation ig
moved to the other side, 1t changes its sign
from negative to positive.

i) Multiplication and division
This is by far the most common kind of
equation in Physics.
The equation for power in an electric circuit
is:

P=VI
To make ¥V the subject of the equation, we
divide the right hand side by 1, so we must
also divide the left hand side by I giving:
B
7=V
Effectively we have moved I to the other side

of the equation and changed its sign from
'multiply’ to 'divide’.

If something which multiples one side of
an equation is moved to the other side, it
divides that side of the equation (it moves
fram being a rumerator to being a
denominator). Conversely, if something
which divides one side of an equation
moves to the ofher side, it multiplies that
side of the equation.

& Student task 1.3

a) Make B the subject of F = Bll

b) Make p the subject of R =%I

®  Make V the subject of C =

&1 Student task 1.2
a) Makeuthesubjectofv=u+at
b) Make Ey the subject of fif = ¢ + Ey

¢) Make % the subject of %[ + % = —}.-

iii) Squares and squars roots
If xl=a+b

then to find x we must find the square root of
both sides, so

x=ya+b

16 Jy =c+d

then to find y we must square both sides, so
y={c+d}?




iv) Futther examples

Example a)

The efficlency of a heat engine is given by the
equation:

Make T, the subject of the equation.

Since the whole of the right-hand side of the
equation is divided by Ty, the first step is to
take this Ty to the left-hand side:

- En=1-T,
Naw -T; can be taken to the left, and ET; to
the right:

T,=T,-ET,

Finally, T; could be taken ouf as a commmon
factor on the right:

T,=T,(1-B

If we wanted to make T the subject of the
equation, we would have to go through the
same steps, and finally take the (1 - E) to the
left-hand side, leaving just Ty on the right:

Since m is inside the square root sign, we
start by moving 2% to the left-hand side:

1k K
f-.::l.z_. o e anzj;

Now both sides of the equation can be
squared to remove the square root!

2nf = J% wep  (2mf )2 =%

My, m can be moved {o the opposite side
of the equation.

@yf=k ws moeff=k

% Pitfall 1.1

In this example, if is easy to forget that T,
is divided by T7, resulting in the
following:

T -T T
E= IT 2 I E+T2=71—.;=1
1

which is clearly nansensel

% Pitfall 1.2

Beware of accidentally removing a
variable from within a square root. A
possible mistake in the previous example
is:

f: -1_ ic. nsh mf = _1_ ﬁ

204 mt 2n

However, the following is correct,
although not particulatly easy to work
with:

f='21£ o =2 Ik

1
m n

However, it is-possible to confuse the
following;

Jimf with Jmf
especially with hasty handwnriting. Tt is
much safer to write this as:

¥

Example b)

The frequency of oscillation of a mass on a
spring ia given by:

=1k
f= m

Make k the subject of the equation.

Exqmple c)
Make # the subject of the following equation

of motion:

7* = 1 + 205
The necessary stages are:
‘Uz=u2+2ﬁ5 T 'u2='U‘z"2ﬂ5

B=r -2  ump u=v- s

W Piifall 1.3
V2.2 doestotequal v -~2a




Example d)

It is often necessary to move several varfables
to achieve what is required, but the principles
Temain the same,

The magnetic field in a long solenoid is given
by:
H NI

I

To make I the subject of the equation, we
move Io the left, where it becomes part of
the numerator (‘from the bottom to the top of
the fraction’), while 24N moves to the left to
become part of the denominator (‘from the
top to the bottom of the fraction), giting;

Blo1 or 1=3L

HN HN

B =

1.6 SIMULTANEOUS EQUATIONS

£s Student task 1.4

a) Make ! the subject of R =%I

b) Make x the subject of %:?

¢) Make v the subject of F= mT”Q

d) Make r the subject of F= Gtr;mz
¢) Make E the subject of ¢ = %

D Make T the subject of  f=27/7
g Make L the subject of  f = ﬁ

If yorhave two equations relating two
different unknown quantities, these
equations are known as 'simultaneous'. They
have a limited use in A-level Physics.

A simple example of a pair of simultaneous
equations is;
x+7y=38
x+3y=18
To solve these equations (that is, find the
values of x and ), we need fo eliminate one
of the variables; in this case it is easfest to
eliminate x by subtracting the second
equation from the first;
%+7y =38
x+3y=18
fe-2)+ (7y -3y) = (38 - 18)
4y =20
LY=5
This value for y can now be substituted back
Into the fixst of the pair of equations to find a
value for x;
x+(7%5) =33
x+35=38
Sx=3

Example

Two cars ave moving along a xoad; car 1is
moving at a steady speed of 20 m/s; car 2 is
150 m in front of car 1 and moving ata
steady speed of 15 m/s.

How much tipne passes before car 1 catches
up with car 2, and how far will it have
travelled?

Let s be the displacement when they meet,
measured from the starfing position of the
first car, v; and v, the respective speeds of the
cars and # the time at which they meet.
S8 =208
Forcer2: sg=v,f+150 ..s=15+150
Subtracting the two equations gives:
0 =5t-150
5t =150
=30
Car 1 passes car 2 after 30 seconds.
By substituting this value into the fivst
equation, we can see that car 1 travels
20m/s%x30s=600m
before overtaking car 2. .

Forcarl: s=wqt




1,7 QUADRATIC EQUATIONS

An equation which contains both 22 and x is
kmown as a quadratic equation, Quadratic
equations do not occur very often in A-level
Physics.

The general form of a quadratic equation is:
act+bx+c=0

where x is a variable and a, b and c are
constants.

The general solution to this equation is:
_-b#N b’ - dac
23. "

Notice that there will usually be two possible
vahues for x,

A simple example of a quadratic equation is;
2¢%-11x+4=0

Herea=2,b=-1land c=4.

The two possible values of x are given by:

o1 2VDI-3
4

&

11 -89

Cp= 1L +VE
" q 4

or

Hence x=5,11 or = 0,39

(You may be aware of another method of
solving quadratic equations Involving
factorisation. The figures involved in the real
world of Physics rarely make this method
feasible).

The most common quadratic equation to
accur in A-level Physics is the equation of
motion s = ut + Yo,

Example

A ball is lninched vertically upwards with a speed
of 160 mfs. How tnuch time elapses before it
teqches a height of 500 m?

Table of information;

iniHal speed u =150m/s

acceleration a=-10m/g?

displacement §=>500m

(Note: if the initial velocify ia positive, the
acceleration Is negative since it is in the
opposite direction.)

Calculation:
Using 5 = uf + Yani?
500 = 1501 - (4 x 10£2)
500 = 150¢ - 5£
Rearranging the equation:

512-150t + 500 =0
and dividing all through by 5:

12-30f -+ 100 = 0

Ufsttng the general equation to find the values
of f:

= {-30) =+ 560 - 400

t= -
< 30+4B0 ., _30-Y500
z -T2
W= 262 or 38

The time taken is efither 3.8 s or 2625, The
first value is the time taken to pass the 500 m
height on the way up, and the second the
time to pass on the way down. Alittle
thought about the sitnation is needed to
interpret the Mathematics.

% Pitfall 1.4

Beware of meaningless negative answers
to quadratic equations. For example:

A ball is thrown down with an initial
velocity of 15 tnfs from a tower 60 m tall,
How much time elapses before it hits the
ground?

A similar calculation to the previous
example using these figures gives times
of 2.3 s or-5.3s. The second answer is
nonsense in this context.

& Student task 1.5

2) Solve the problem in Pitfall 1.4 to
satisfy yourself that the times quoted are
correct.

b) Canyou think of what the -53 5
obtained as the second answer in this

example could represent?




1.8 DERDUCTIONS FROM EQUATIONS

This section is concerned with the effect on
one variable of changing another related
variable, as in the following examples.

Example 1

F=ma
If the force F doubles and the mass m remains
congtant, then the acceleration 2 must double
as well for the equation to temain balanced.
If the value of the left-hand side of an

equation doubles, then the value of the right-
hand side must alsc double.

Similarly, if F trebles, a trebles; if F halves, a
halves, and so on. We say that F and g are
directly proportianal to each other,

Examiple 2
force

stress = ‘area

If the area doubles and the force remains
constant, the value of the right-hand side
halves, since the force is divided by a number
twice as large as before. Therefore the value
of stress halves.

Here we say that the siress and greq are
inversely proportional to each other.

Example 3

The equation relating the period T of a
pendulum to its length 1 is given by:

T=2n_jé—

where g is the gravitational field strength.

If the length I doubles, the right-hand side of
the equation becomes

2%/2?1

that is, itis 2 (% 1.4) times larger than before,
Th’t‘e[refore the perlod T increases by a factor
of ¥2.

Here we say the period is proportional to the
square oot of the length; if the length
doubles, the period increases by a factor 2
if the length quadruples the period doubles,
and so on.

Example 4 :
The equation for the force between two
bodies with electric charges Q; and (3 is

glven by:
.88,
dave, 1

" H the distance r doubles, the right-hand side

of the equation becomes

G5,

dree (297

that is, it is (14)2 = ¥ of its original value;
therefore the force F reduces to % of its
original value,

In this case the force F is inversely
proportional to the square of the distance 7,

Example 5

In some situations, more than one variable Is
changed. Por example, suppose a piece of
wire has its length doubled and its cross-
sectional area halved; what will be the effect
on its resistance?

The relevant equation is

_o
A
¥ 1is doubled and A is halved, the right-hand
side becomes
p(2) _ 4pl
@A * A
which is 4 times larger than before.

Therefore the resistance increases by a factor
of4.

£y Student fask 1.6

" A piece of wire has both its length and its
diameter doubled; what will be the effect
on {ts resistatice?

(First shiow that if the diameter doubles
the cross-sectional area quadruples, then
use the same equation as in the example
above the calculate the effect on the
resistance.)




2.3 STANDARD FORM

Many of the mumbers we meet in Physics are either very large or very small.

For example, the mass of the earth is:

5 980 000 000 000 000 GO0 000 000 kg

while the charge on an electron is:

0.000 000 000 600 Q00 000 16 C

It is clearly ludicrous to fry to do calculations with numbers written like this. You cannot key
them into your calculator for a start, and it would be very easy to make a mistake with the
number of zeros, T order to overcome this problem, we write numbers in standard form. A
number is expressed as a number between 1 and 10 multiplied by an appropriate power of 10,

For example, 347 can be written as 3.47 x 100, or 3.47 x 102
3.47 % 10% is known as standard form.

Using standard form, the mass of the earth can be wiitten as 5.98 x 10%¢ kg, and the charge on an

electron as 1.6 x 1019 C,

This is clearly a much more convenient way to write such numbers, but there are other good
reasons for using standard form, outlined in the following sectiond. It is very important that you

should be able to handle standard form easily.

2.4 CONVERTING TO STANDARD FORM

To convert 37 800 to standard form.
The number between 1 and 10 which is needed i3 3.78.

37 800is 3.78 % 10000. 10000 is 10% (see Table 2.1) so0 37 800
in standard form is 3.78 x 104,

An alternative approach is to say that to go from 3.78 to
37 800, the nurnbers must move 4 places to the left, as
follows:

3,78

37.8

378.0

37800

37 800.0

Therefore the power of 10 tequired is 4, and 37 800 in
standard form is 3.78 x 10%.

To convert 0,0052 to standard form.

The number batween 1 and 10 which is needed is 5.2.
0.0052 18 5.2 x 0.001. 0.001 is 10?3, s0 0.0052 in standard
form is 5.2 x 103,

Alternatively, to go from 5.2 to 0.0052 the numbers must be
rmoved 3 places to the right, therefore the required power is
-3, and 0.0052 in standard form is 5.2 x 102,

Table 2.1

106 = 1000000

104 = 10000
18 = 1000
10t = 10
100 = 1
101 = 0.1
108 = 0.001
106 = (000 001
& Student task 2.4
Convert the following numbers
to standard form:
a} 3470
b) 68000000
¢ 27
d) 0594
e) 0.00092
fH 2642




2.6 SIGNIFICANT FIGURES

The significant figures in a number are all the digits except any zeros before the first non-zero
digit.

For example: 42, 42, 0.0042 and 42x105  all have 2:significant figures
402 and 4.02 have 3 significant figures

The number of significant figures has an important meaning to a sclentist. Jt gives you sorne idea
of the precision or reliability of that number,

For example, you might measure the length of a piece of wood quite roughly as being 5 cr; this

means you are certain of its length to the nearest centimetre - its actual length conld bé anywhere
between 4% and 5% co.

If you measure the length more carefully, you might be able to give the measurement to 2
significant figures, 5.1 em, for exarmple. This means you are now more certain of the length than
you were before; you are probably certain to the nearest 0.1 em. (Section 2.9, on. uncertainties,

goes into more detail). .

3 significant figures, such as 5.13 cm, indicates an even greater precision.

Notice that the numbers 8, 8.0 and 8.00 do not all mean the same; 8.00 (3 significant figures)
implies a much greater precision than 8 (1 significant figure),

A. problem can arise over interpreting some numbers if we do not use standard form. Suppose
we meagsure the length of a road as 3200 m, Itis not clear whether you have measured to the
nearest 100 m, and are giving a measurement to 2 slgnificant figures, or to the nearest metre and
all 4 figures are significant. If you write the measurament using standard form, 3.2 x 103 m (2
significant figures) or 3.200 x 103 m (4 significant figures), the precision of the measurement is

immedjately clear.

2.7 SIGNIFIGANT FIGURES AND
CALCULATIONS

The answer to a calculation cannotbe any
‘more precise than the least reliable piece of
data used for that calculation. Tt is therefore
important that your answer to any
calculation is rounded to the correct number
of significant figures; as a good rule of
thionb, this should be the same number of
significant figures as your least reliable piece
of data, Por the data which occurs in typical
A-level questions, 2 significanit figures is
usually right; you may lose marks in an
examination if you do not round your
answer to a senaible number of significant

figures.

Example

A copper black has a tmuss of 2463 g. It measures
2.2 cre by 3.0 o by 4.5 cme, What is the density
of the copper?

ass
voluse
2463 g

22 cnx30cem x4h an

density = 82929293 g em®

according to a calculator.
But this implies a precision far greaterthan
any of the measurements that were made.
The lengths were measured o 2 significant
tigures, so the answer must be rounded to 2
significant figures, giving a density 0f83 g

-3

o,

Notice thé.’c the masg of the block was

density =

densify =

. measured with a greater precision than was

necessary. it is usnally a waste of time
making one measurement much more precise
than any of the others,

% Student task 2.6
Try repeating the calculation with a mass

of 246 g, oreven 245 g.




2.8 UNITS AND STANDARD FORM

Quanfities are often quoted in standard
multiples or divisions of the basic units, The
standard prefixes, together with the factor by
which they multiply the basie unit, are Jisted
in table 2.2 below,

Tabla 2.2
Name Abbreviation Multiplying
factor
pico P 1012
Nano n 109
1 micro T 106
milli m 103
Klo k 103
mega M 106
 giga G 10°
tera T 1012
For example
1 millimetre = 1 thousandth of a metre
=1x103m

4.6 KW=46x103 W

& Student task 2.7

Write the following in standard form.
a) 721pvV

b 42GW

o 039nF

d)y 592MJ

9 0019pA

Example
An electric power cable has o dinmeter of 6.0 1m
and is made of a material of resistivity 27 n2m.

What 1s the resistance of ¢ 1,0km length of the
cable?

Table of information:

Diameter = 6.01mm =60x 10%m

Henceradius =3.0x 10°m
Length = 1.0km =10x 103m
Resistivity = 27n0m =27 x 109 Qm
Resistivity =2.7 x104Qm
Calcalation;

Cross section ares (CSA) = w
CSA = mx30x%10° x 3.0 x 10° m2

CSA = 2.827 % 10° m2

(Resistancs = Temhmge: Iength)

R = 27x10°Qm x 10 x 10°m
2.877 x 107 o2

0.96 Q2

R

u

The resistance 15 0.96 82,

Quantities often have to be written in terms
of the basic unit before a caléulation can be
performed. This can easily be done by
inserting the appropriate power of 10 in place
of the prefix, and is best done by writing cut
a table of the relevant information before you
start, as in the example in the next column.

(It is a good habit to write out a table of
information for anything but the simplest
calculation whether or not you have to do
any unit converslons.)

% Pitfall 2.7

Miistakes are often made in converting
areas and volumes into the basic units,
such as square millimetres into square
mefres.
Note
104square centimetres =1 square metre.
106 square millimetres = 1 square metre
106 cubic centimetres = 1 cuble metre
10? cuble millimetres =1 cuble metre

&1 Student task 2.8

Calculate the resistance between the faces
of a wafer of pure siicon of thickness

5 mm and cross section area 8.0 cm®. The
resistivity of silicon is 60 Qm.

(Unlike the question above, you have been

told the area, not the diameter.)
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A practical activity: The pendulum

Testing a relationship

A graph can be used to test the relationship between two variables and confirm the
value of a constant. In this case it is usefil if the relationship between the variables can
be arranged as the equation of 2 straight line. We can then see how closely the plotted
points le on a straight line and this tells us if we have a linear relationship.

3 WORKED EXAMPLE

-] This practical activity is to show whether the equation relating the period (the

Zudt time for one swing) of 2 pendunlum to itslength is correct. We would need to
measure the period, T, for different lengths of pendulum, [, and show that our data are
consistent with the equation for the period:

T=2¢r‘/z
g

Where g is the acceleration due to gravity.

If we plot T'against /, the graph will be a curve, and we will not be able to tell if the
equation is correct, If we change the equation to give a linear relationship then we will
be able to tell from the graph if the equation 3s correct, because if we get a straight line
the relationship is correct. Squaring both sides of the equation gives:

'1"2=.4'n'21
g

Compare this with the straight line equation: y = mx + ¢
This equation will give a straight line if we plot T2 against /, thatis: T2 =y [ =%

_ 472
andthenc—Oandm=—g-.
So we should get a straight line and, as ¢ = 0, this means it should go through the
origin, When a straight-line graph goes through the origin this means that the variables
are proportional to each other. This can be written T2 o< ! (if there is 2 non-zero value
for the constant ¢ the graph doesn’t pass through the origin and the relationship is
linear, but not proportional).
m is the gradient of the straight line and from this we can caleulate a value for g by
rearranging the equation for m to give g = 41r%/m. We can compare our value of ¢ with
the accepted value of 9.81ms~2,
"Io reduce the uncertainty in the data we can time the pendulum for 20 swings. This
will be a larger time and so the percentage uncertainty in the measurement will be less.

Graphs of T and ‘T against I for a penduium

4 2.0 PR
3 H R
Time for 1
20 swings/s| T/s |73/s2|//m
22 |Li|L21]e3] 7¥?2 : s 1.0
26 1.211.69}0.4
32 1.6|2.56|0.6 ' HHH
36 1.813.24)0.8 1 0.5
IEinanTs
! = panduium length 0 £ h” g 0 5
T = period 6 o2 04 06 08 ¥ o2 04 o5 o8

lm Iim




4.4 THE GRADIENT OF A GRAPH

The gradient or slope of a graph (thatis, how
'steep' the graph is,) measure the rate at
which the 'y variable is changing with
respect to the 'x' variable.

The gradient {s simply a change in the y
value (denoted by Ay) divided by the
corresponding change in the x value
(denoted by Ax) as shown in Figure 4.12.

In Figure 4,13, the gradientis 6 + 2 = 3,
Notice that in this graph the value of y is
always 3 times the value of z; in other words,
the equation of the line is iy = 3z,

In general, the equation. of a stralght line
through the origin is y = mx, where mis the
gradient of the line. (See Section 4.1.)

A graph such as that in Figure 4.14, which
slopes in the opposite direction to that in the
previous diagram, has a negative gradient.
The gradient of this graph is -0.4

£ Student task 4.2

‘What is the equation of the line shown in
Figure 4.147

(It will be of the form y = mx + ¢, since the
line does not go through the origin. ¢ s the
intercept on the y-axds. See Pitfall 4.1.)

Flgure 4.15 Y ¥, S

A
gradient = 'A%
:
i
) Ay
1
(
1
I
Ax
Figure 4.12
Y

o oo R Om

/'
ot
X

0 1 2 3

Figure 4.13
4
4
3 \\
2 - \'\\_\
1 ™

~J

0

0 2 4 & 8 10X
Flgure 4.14

The gradient of a curved graph cleaxly
changes - it is different at all points on the
graph. In this case it is necessary to drawa
tangent fo the curve af the place in which you
are interested, and find the gradient of that
tangent, as shown in Figure 4.15,

The gradient of a graph often has a physical
significance and can provide useful
information about a sitnation. For example,
the gradient of a graph of velodity against
time Is equal to the acceleration; the gradient
of a graph of electric potentlal against
distance is equal to the electric field.




2y Student task 4.3
a) Calculate the gradients of the graphs shown in Figures 4.15 and 4.16.
b) Bstimate the gradient of the graph in Figure 4.1%at point P and at point Q.
Y
8
157 ® g ]
64 tp Figure 4.17
10 4-
54 2 *
0 T 7 E ;L'X 0 T T T IX 2
] 50 10 20 30 40
0 = ] T 1 X
Flgure 4,15 Figure 4.16 0 2 4 6 8

Uris, tabulation, graphs and significant figurss

Labelling Intabla headings and on graph axes

The convention we preferls

Marking the origin correctly on a graph,
eg PHAB3X SecA Parl 1 Q2(b)

00 100

variable symbol — solidus— unit

1) 0
Candidates should be dlscauraged frem naming the varlatle {whichIn any
ase will be defined In the question), In full.

ez 'V/mV* Is slmple and effectiva, ‘output pd of solar call In milivaly’ s not

The satidiis indleates tha divistan of a physia) quantity by Iis unlt, thus what

follows Is & pure number
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Unaccaplabla: Salulion:

the marking of the orialn as sbave  use of the braken scale

duces a non-finear scale conventon resolves tha problem
eg 'VfmV = 340" Iiterally means 340 is the value of Vdivided by m¥; using pro G I
/mV ' asa table hoading Is logleal and correct In a way that V{mV) ls not. which willl always be penallsad, bul walch out if a gradiant
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Unacceplable:

leaving an arlgle unmarked un
either axds will not be accepted;
the sczla will sl ba feated as
non-linazr since the origin [s now
ambiguqus.

calculation Is en required.
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usa of a false orlgin Is acceplable
but candldates should be careful IF
they are then asked o caltulals tha
gradient,
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Student task 4.4 - using special relativity equations
1) t =t (1-V/ )2

Re-arrange for a) t,
b)v
c) Calculate t if, £, 2.20x107s
c = 3x10%m/s
v = 2.97x10%m/s

2) L =L, (1-v¥/cH)?
Re-arrange for a) L,
b) v
c) Calcuiate L if, Ly~ 60m
¢ = 3x10%m/s
v = 2,94x10%m/s
3) m = m, (1-v¥Y/c?)y?

Re-arrange for a)m,
b) v
c) Calculate m if, m, - 1.67x10%Kg
¢ = 3x10%m/s
v = 2.7x10%m/s

Student task 4.5 - Further practise at re-arranging equations

1) dsine=nA re-arrange fora) d b) siné c) A

2) V = Q/4Tleor re-arrange fora) g b)Q c) r

3) F = QiQy/4Tlep® re-arrange fora) r b) Q,

4) sinB4/sinB; = ny/ns1 re-arrange for a) sing, D) sinB, ¢) N, d) ny
5) v’=Uu? + 2as re-arrangefora)ab)s ¢)u

6) T=1/f re-arrange forf

7) Ns/Np = Vg/Vp re-arrange for a) Ns b) Np ¢) Vs d) Ve

8) F=GMm/r* re-arrange for a)M b)r* ¢)r

9) p = RA/I re-arrange for a) R b)A c¢) |

10) P=TIR re-arrangefor a)I*> b)I ¢)R




