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Physics Pedagogy

The original Physics Pedagogy was discussed as background in the first two volumes and will not be
repeated here; for those interested see both Volumes 1 and 2 — which many will already have read and
used!

1 Background

The primary aim with this series of booklets is to introduce a different approach to teaching students,
and teachers, to come to terms with the concepts needed to understand Physics and solve Physics
problems. It was found that using Multiple Choice Questions, MCQs, was a wonderful, interactive
approach that encouraged group work and discussions.

This led to the two volumes of MCQs; Vol 1 covered Mechanics and Electricity and Vol 2 covering
Matter, Waves, Sound, Light and General Physics — but neither contained any answers! This was
deliberate; we all know that when one gets stuck with solving a problem, one looks at the answer and
say “Ah yes course”! and then goes on without ever really understanding! The idea was for students
and teachers to work together in teams to get the answer. If really stuck the tutor could be asked.

This volume goes a long way towards helping students and teachers, who for various reasons are
working alone. Users should not try and look for the worked answer for the problem they are working
on — the solution may not be here! I have made no effort in trying to “synchronize or match MCQ”.
With the worked examples in this volume — the selection is random. But the tools for problem solving
are given often and repetitively, and in the process students and teachers learn how to tackle problem
solving. Often there is more than one way to get the right answer, and many of these worked
examples will show this.

2 Developing a Problem-Solving Strategy

Students need to develop a strategy to tackle problems and solve them, and it is difficult to do so
without knowing more than one way to solve the problem. Most students have developed a habit of
looking at a problem, decide what formula to apply, use the data given and produce an answer. What
my Mathematics mentor, Prof S Skewes , called “Cookery Book Mathematics”; find the recipe, mix
the ingredients, put it in the oven and out comes the cake!

Students generally don’t use concepts to tackle a problem, primarily because they are unable to
identify which ones to use or are relevant. They have a minimal grasp of concepts and are thus unable
to use them to resolve the problem: they don’t really understand the concepts or how to use them.
Below are some of the various types of knowledge that students need to know:

Conceptual knowledge, like the concept of momentum and energy, and how they differ in that both
are concerned with velocity and mass. That the velocity of an object changes when it accelerates, or

that the gravitational potential energy of an object decreases as it falls and gains kinetic energy.

Factual Knowledge, like the value of the gravitational constant G, the radius of the Moon, or the
mass or velocity of an object.

Representational knowledge, like how to draw and use graphs.

Operational knowledge, like how to manipulate equations, resolve vectors and so on.




Procedural knowledge, for instance, if all forces are not involved with friction to then use the
conservation of energy, or when finding potential energy, always specify a positive/negative, or when
to apply Newton’s Laws and draw a free-body diagram.

This last point is extremely important. Solving problems requires an understanding of what the
problem really is!! The problem is most often set in words without the benefit of a diagram or
illustration. So, the following approach is recommended:

2.1  Read the question carefully

2.2 Start drawing a diagram by interpreting the words and creating the diagram/sketch

2.3 Use supplementary things such as arrows, lines, angles etc

2.4 Putin the values that are given in the question.

2.5 Quite often this then describes the question diagrammatically — call this the Situation diagram.

2.6 In many cases a second, or even third, diagram may well need to be drawn in order to solve the
problem, this could become the Force, Vector or Free body diagram

Summary

Diagram q Given Data q Basic Equation

‘ Working Equations ‘ Evaluation and Check

In solving problems, often the application of the Physics concepts will solve the problem, but to get
the answer will require mathematics! See for example 2.8 below where the problem is discussed in
detail

2.7 Example 1

A pulley is supported from a beam and two masses M and m (M > m) are connected by a thin rope
passing over the pulley. Find the acceleration of the masses. Assume the pulley and string have no
mass and the system is frictionless

Solution 1 — total mass approach. Always draw a diagram.

Difference in downward force F = Mg —mg = (M + m)

S :(g(M-m)j
oa=|——
M+m

Solution 2

The free body approach. As usual draw a diagram, putting in all g 8
the forces acting on particle (or body) as shown. The tension T is
the same throughout the string, mg

So Mg—-T=Ma
and T-mg=ma

: o _(gM-m) , ,
Adding these equations gives us a =| =——— |. One might ask, what’s the
M+m Mg -
difference? Well if you were asked to find the tension T in the string, you would need

to use one of the above equations. mg




As the booklet is worked through there will be many situations where it might well be necessary to
draw another diagram to fully expose the intricacies of the problem

As is the case here, one could argue “Why two diagrams™? This is a good question but teasing out the

problem as much as possible should become a habit! As will be seen later, by putting everything into
a single diagram often leads to getting the wrong answer!

2.8 Example 2

A ball is kicked on level ground at an angle 6. It lands after travelling D m and reaches a height h. The
ratio h/D is:

A tan9 B 2tan 0 C Ytan 9 D 4sin 26 E Ysin®
Solution C
Draw the diagram!! Clearly both h and D need to be

found and solving this problem is NOT solving this
triangle!

D2
The Physics: g l

Find the vertical and horizontal components of the velocity v:
Vertical component uy = vsin@  Horizontal component uy = vcos0

To solve the problem, we need the time of flight, T, to determine h and D — then the Physics is done
and the mathematics starts!

Now the time to greatest height, using the equation /' = U + at and noting g is positive down we get:

) ) vsinO ) o 2vsinO
0=vsinB—gt sogt=vsinf t= so the time of flightis 2t =T =
g g
To find h we use V2 = U” + 2ax, substitute in the values to get:
2. :. 2
v7sin“0
0 = v’sin’0— 2gh so h =
2g
2vsind
And D = vcosd x T or D = vcosfx
g

So D= ( 2v?sind cosH

h
then the ratio | — | looks quite hard!
g D

1
But noting that dividing something by vy, is the same as multiplying by (—j
y

h v’sin’0 g
So | = | would be x| ———
D 2g 2v~sinf cos0

()




h j Tan0
= or ¥ Tan0

Then the v* cancel, as the does g and a sinf leaving (B
2.9 Example3

In the circuit shown below the resistance, in ohms (Q2), between the points P and Q is:

P Q

A 32 B 9 Cc 23 D 1

Solution D

Many have a problem with interpreting this type of diagram correctly. Let’s look at the same problem
with a few extra labels:

=
p L 30 P51 30 | Q

Looking at the upper wire, the RHS has X connected to Q, which means that Q and X are the same
point! The same applies to the lower wire, Y and P are the same point. So we could redraw the
diagram as follows: X

— ]

Which is another way of asking the same question, but it

becomes easier to see the obvious. By simply sliding Y to P

and X to Q you get: . * 'Q

F
0
30
v

P 30

Q So the equivalent circuit is simply three, 3Q resistors in
parallel, so the equivalent resistance is 1.

Students have got used to drawing circuits, as shown above, with
straight lines at right angles to each other. But are many other ways
of doing this, especially if a student is drawing a free hand sketch!
Discuss the difference between these diagrams, especially the
concept of a “line” being equivalent to a “point”. Try drawing a few
freehand sketches of different, but equivalent circuits.




3 General Properties of Matter

3.1 Problem

Pressure is defined as the force per unit area, or N.m* where
1 N.m™ =1 Pascal (Pa).

Now the units of force are mass x acceleration which has
dimensions [M][L][T]  and area has dimensions of [L]*, so a
Pascal (or pressure) has dimensions of [M][L]'[T] 2.

3.2 Problem

The equation of state for a real gas is given by (P + % )V - b) = RT where P, V and T are

pressure, volume and temperature respectively and R is the universal gas constant. The dimensions of
the constant a in the above equation are:

A [M'L TP B  [ML*T?] C MLT7] D  [ML’T?]
Solution C

The term (a/V?) has been added to the pressure, hence it should have the dimensions of pressure.

[?U%P]:[a]:[vzlhk[f] L]

Obviously the dimensions of b are [L]’

3.3 Problem

The Sun is half a degree (% °) in diameter as seen from Earth, how long would it take to set as seen
from a west facing beach at the equator? You can assume that the Sun sets vertically and that all
optical effects can be neglected.

A 4 mins B 2 mins C 33.33 secs D 20 secs
Solution B

Sun moves 360° per day or 15° per hour = % ° per minute. So the Sun takes 2 minutes to set.

3.4 Problem

When a spring is stretched by 2 cm, its potential energy is U. If the spring is now stretched by
10 cm, its potential energy will be

A u/25 B u/s C 5U D 25U

Solution D

The energy used is stretching a spring is U = % kx* where x is the extension and k is the spring
constant. So if the extension is increases from 2 — 10 cm (5 times larger), the energy increases by
52=25. Or you could say that the energy U oc x?




3.5 Problem

The diagram above shows a uniform beam of weight W
pivoted at point P and supporting a block of weight W
as shown. The tension 7 in the string is:

A 3W/5 B SWI2 C 11w/6 D 10w/11 E 11w7/10
Solution E

Taking moments about P remembering that the plank weighs W that acts at 2.5 m

Clockwise 3W + 2.5W

Anticlockwise ST These are equal so ST=5.5W so T = g =1.1W= 1w

10
You get the same answer if you use fractions.

Note. Problems 3.6 and 3.12 use only conceptual knowledge and in finding the answer uses
virtually no mathematics

3.6 Problem

The diagram below shows a pendulum which is used to regulate a clock. The clock is running slow,
so a physicist works out that if she were to place a ring with a pre-calculated mass M on the bob as
shown, the clock would keep good time again. Which one of the following statements is true?

A It wouldn’t work as the bob would then be heavier and the
clock would slow even more.

B Adding the mass would make no difference since the period M
of a pendulum is independent of the mass of the bob.

C It wouldn’t work as the only way to change the period of the
pendulum is to change the length of the pendulum shatft. Bob _

D By placing the ring on the bob, the effective length of \"‘\1;\

the pendulum is shortened, and so decreases the period
allowing the clock to keep proper time.

Solution D

The length of the pendulum is the length of the shaft plus the distance to the centre of mass of the bob.
The centre of mass of both the bob and the ring are in their centre. So by placing the ring on top of the
bob, effectively changes the position of the centre of mass upwards, thereby shortening the length of
the pendulum and so decreasing the period so making the clock keep proper time.

3.7 Problem

Water flows from left to right through the pipe illustrated below. The

cross-section of the pipe is circular. The diameter of the left half of the 4m/s .
pipe is double the diameter in the right half of the pipe. If the speed of ;

the water in the left half of the pipe is 4 m.s™', what is the speed of the ‘4}3:3
water in the right half? (assume the liquid is incompressible, and

6-+that there are no viscous or frictional forces)

A 2ms’ B 4 ms™! C 8 m.s! D 16 m.s™




Solution D

Assume the water flows through the pipe continuously. Water flows from the larger diameter to the
smaller diameter pipe: from one of diameter D to one of diameter D/2. This means the area of the
smaller pipe is Y4 the area of the larger pipe and therefore the volume of water that moves from the
larger to the smaller pipe is the same, so its length should be 4X longer. This length of water must
therefore move 4X faster, or 16 m.s™'

3.8 Problem
The density of an object is carefully adjusted so that when it is placed halfway down in a tall cylinder
of water at 4°C it will remain where it is placed. When the temperature of the water changes the object

will:

A rise B sink C stay where it is
D cannot say since you need to know whether the temperature is increased or decreased.

Solution B

The density of water is a maximum at 4° C. Therefore, any change of temperature would decrease
the density of water, so the object would sink.

3.9 Problem

A solid metal cylinder stands on a smooth (frictionless) surface. It has a X —
mass M and its centre of mass is at C. Which force, X, Y or Z, each

. . (7
larger than Mg, will cause the cylinder to topple over? ¥ o C
A X B Y C V4
D None of the forces will topple the cylinder. L —

S

Solution D

Since the cylinder is standing on a frictionless surface, it does not matter where a force is applied: the
cylinder will always slide and not topple. Discuss what happens if the force is an impactive one?

3.10 Problem

C
A plastic cup is filled with water as shown below. The cup is up

allowed to fall freely. In which direction will the water come out of
the hole as it falls? Hole

Water ./
A — E t
C ——/ D No water will come out of the hole.

Solution D

A freely falling object accelerates at g, and is therefore effectively “weightless”. So no water will fall
out of the cup as there is no pressure gradient. Another way of looking at this is to say that the hole is
falling as fast as the water trying to get out.




Measuring
' .
3.11 Problem cylinder 7"
i
i
The diagram right shows a tall measuring cylinder filled with cooking 0il. A Ba|l-bearing i
small, steel ball-bearing is held on the surface of the oil and then released. i
Which one of the following pairs of Energy-Distance graphs correctly shows ;
the change of potential and kinetic energy, Ep and Ex respectively? Gil
geolp gy, Erp K Tesp y —,
- ﬂ - B
Er Ex Er EK[
s s 3 5
D
C
Er Ek
Er E ‘ :
5 )
3 1
Solution A

As the ball-bearing falls in the oil, its speed will increase in such a way that the downward

acceleration will decrease and eventually be zero, and it will continue at a constant speed, known as
its “terminal velocity” until it reaches the bottom of the cylinder. This means that the kinetic energy
will increase to a steady maximum. The potential energy will simply decrease linearly with distance.

3.12 Problem

When a beaker of water rests on a balance, the weight indicated is X. A solid
object of weight Y in air displaces weight Z of water when completely
immersed What will be the balance reading when the object is suspended in
the beaker of water so that it is totally immersed (but does not touch the
beaker) as shown

A X B X+Z C X+Y-Z D X+Y

Solution B

When an object is submerged in water it experiences an up-thrust equal to the mass (or weight) of the
water displaced by that object. According to Newton’s third law this up-thrust will have an equal
down-thrust increasing the scale reading by the weight of water displaced. Therefore the scale will
show X + Z.




4  Waves, Sound and Light
4.1 Problem

The intensity of a sound wave gets reduced to 80% of its original intensity on passing through a slab.
The intensity of the sound wave on passing through two consecutive slabs is reduced to . . .

A 87% B 75% C 64% D 50%

... of the original intensity.

Solution C

If the intensity decreases by 80% then I’ = 4/51. This means that I” = 4/5 x 4/5 = 16/25. This is
equivalent to 64%

4.2 Problem

The siren of an ambulance has a frequency of 700 Hz. You are standing on the pavement as the

ambulance drives past you at a speed of 20 m.s™'. The frequency that you will hear when the
ambulance is approaching you is about: (Assume the speed of sound = 340 m.s ™)

A 661 Hz B 741 Hz C 744 Hz D 788 Hz
Solution B
. o . ct vy .
Using a simplified Doppler equation f, = fy with v = 0
ctv 360 700 x 360
f =1t 51 =700 — | = —————— = 741.17Hz ~ 741Hz
c-v, 340 340

4.3 Problem

A parallel beam of light shines on a converging lens of focal length 200 mm. How far behind this lens
would a second converging lens, of 150 mm focal length have to be placed so that the light would
emerge from it as a parallel beam?

A 350 mm B 200 m C 150 mm D 50 mm

Solution A

First lens forms an image at the focal point, ie 200 mm from the lens. This image forms the “object”
for the second lens, and if placed at the focal point of this lens, the emerging beam will be parallel.

So distance between lenses is 200 + 150 = 350 mm.




4.4 Problem

A wave has the equation, y =4 sin (31 t - 67X)

- o]
P e Ly

/f | 5,
0 I | rd h / x
I-!—Il-ll-—7£ N = ."\ !
s /\/
-
h..__"'f -"'-\.__

This wave is travelling in the

A -x direction B +x direction
C Cannot be answered unless the amplitude is given, D No direction, it is a standing
wave

Solution A
The general wave equation can be given by:
y = Asin2nvt
Where A = amplitude, v is the velocity at time t = 0. Sometime later, say t, the wave will have moved
as shown by the broken line and the point P will have moved a distance of x. If the broken curve is
now moved back a distance of — x it will coincide with the curve at time t = 0 and this can be written
as:
y = Assin 2w (vt - X)
This can be re-written as used in the question, since v, T etc are constants.:
y = 4 sin (3nt - 67x)
and represents a wave moving in the positive x-direction.

4.5 Problem

A metal rod AB, 2m long, is clamped % m from B at a point O. It is then gently struck with a wooden
mallet and produces a note of frequency 2 500Hz. The linear speed of the wave in the rod, is in m.s™:

A 1250 B 2 500 C 5 000 D 10 000
Solution C

The point O must be a node which means that the length OB is a 4 wavelength, A/4 and so the
wavelength A = 2m. Then using the wave equation:

v =f\ we get that v =2500 x 2 = 5000 m.s™'

This problem comes in a variety of forms, often using guitar or violin strings, when the player will
just touch a string to raise the pitch of the note. Also often used when talking of standing wave




5 Heat and Thermodynamics 3

Pl B
5.1 Problem 3P ~

0 A_[ ~
According to the figure if one mole of an ideal gas is taken in a B > C
cyclic process, the work done by the gas in the process will be: . N P —

Q 0

A PoVo B 2P¢Vo C 3PVo D 4P¢V,
Solution

0

. 1
Work done = area of a PV curve ie w= E(SPO -P)(2V,-V,)=PY,

5.2 Problem — extra-curricular

Calculate the change in entropy for 200 kg of water slowly heated from 20°C to 80°C.

A 1.16 x 10° J X! B 1.56 x 10° J.K!
C 8.41x10°J. K D 232x10°J. K
Solution

353K
Using* AS=mxcXxIn E , you get AS=200kgx4.2 kJ.kg'1 xIn
T 293K

1

So this becomes AS=2x10’x4.2xIn1.20=1.56x10° J. K

* From S=% so then ASZJ"de=J.AdeQSOAS=Q-ln(%j=mxcxln[%j

i i

A common error here is not to use absolute temperature; using C° gives you answer A!
5.3 Problem

Some hot water was added to twice its mass of cold water at 10° C. The resulting temperature of the
mixture was 20° C. What was the temperature of the hot water?

A 20°C B 30°C C 40°C D 50°C
Solution C
Heat lost = heat gained.

Hot water loses heat; mcd0 = mc(6 — 20)
Cold water gains heat; mcd0 = 2mc(20 — 10)

So mc(0 —20) =2mc(20 — 10) ie. 6 — 20 =2 x 10. So =20 +20 =40° C
5.4 Problem

How many joules of energy are required to heat a 200 g piece of copper from 20° C to 50° C? Assume
the SHC of copper = 0.4KJ/Kg/K

A 2240000 B 2 400 C 240] D 9.6]




Solution B

From the data sheet we see that Q = cmAT, where

¢ = the Specific Heap Capacity, SHC, (for Copper this is 400 J.kg' K': this would normally be given
m = the mass =200 g=0.2 kg

AT = change in temperature = 30 K (322K — 293K) (be careful with units — make sure you use the

correct ones)

SoQ=400x0.2x30=2400J

5.5 Problem

The temperature of an ideal gas is increased from 120 K to 480 K. If the rms velocity of the gas
molecules at 120 K is v, then at 480 K this becomes:

A 4v B 2v C v/2 D v/4

Solution B

. . 3RT .
Using the gas equation v, = (V j, then at two temperatures T1 and T> the rms velocities

v1 and v; are related by:

A %: I
v \(m%) \E \/; 2

2V1 =V, =2v




6  Vectors, Motion, Forces and Mechanics

6.1 Problem

A cricket ball of mass 160 gm is dropped from the top of a building 25 m high and caught 1 m above
the ground. What is the speed of the ball as the catcher catches it? You can ignore air resistance and
take g = 10 m.s

A 224ms’ B 21.7ms" C 219ms’ D 221ms"
Solution 1 C

Using the equations of motion and assuming that the mass of the cricket ball has no effect — not
proven — but generally accepted — should it be?

Note a diagram has been drawn and all the information needed has been added, including that
down is +ve!

160gm

Sinceu=0,v=v,a=gands=25—-1=24 m. Then using: +
v =u®+ 2gx gives v> = 0 + 2 x 10 x 24 = 480. T4m gzmm_g—zl
Sov =480 =219 m.s™"

Solution 2 C

v
Using the conservation of energy. This can be used as there are no im
energy losses due to friction (air resistance). e

Now Ep = mgh and this will equal the kinetic energy as the ball is caught. Note that the ball only
travels 24 m. Then taking down as +ve

Ep = Ex. So mgh= % m orv? = 2ghsov=\(2x 10x24)=21.9 m.s™'

Note: The speed of the ball does not depend on its mass — which, as legend has it, is what Galileo
demonstrated when he allegedly dropped two different size cannon balls from the Leaning Tower of
Pisa.

One could have assumed that fact and then simply used the equations of motion to find the speed of
the ball without using the Conservation of Energy, but as will be seen later, there are many occasions
that show that using the Conservation of Energy, leads to a faster and often easier solution, as the
following two problems show.

6.2 Problem

A ball whose kinetic energy is E is thrown at an angle of 45 with the horizontal. ~ What is its kinetic
energy at the highest point of its flight? Ignore the effects of air resistance.

A 2E B \2E C D

2

£
NG




Solution 1 D

Using the conservation of energy as there is no air resistance. Note that
again a simple diagram is drawn. See below for comments.

W

Initial kinetic energy = émuz 45

u
The horizontal speed/velocity is always vV =ucos45 = T , which will be the velocity at
2

its highest point as well.

1
So the Kinetic Energy at the top is E my’ = 3 m

i {Lﬂ ]{Imuﬂ:E

Solution 2 D

The initial velocity can be resolved into two components: vertical and horizontal. In this case ~ some
additional arrows indicating the directions of the vertical and horizontal components could be
added at the origin.

u
Initial vertical component =u sin45 = T
2

.. . . u . .
Initial horizontal component is v = ucos45 = T , and it should be remembered that this component
2
has no acceleration, and as there is no air resistance, is therefore constant.

At its highest point the vertical component = 0, so only the speed at this point that needs to be
considered to calculate Ek is the horizontal component!

_— .1, 1 [1 T a[1 ] E
So the energy at its highest point is Emv sz — — =— as before.

u|, =—|—mu’| =
NG |J 212" 73
The vertical Ex energy lost:

Taking V? = U? + 2as gives 0 = U* -2gh and so E lost mU? =2mgh or » mU* = mgh
where U = u/\2 and so U? = u?/2 s0 % u’/2

Then if you were to drop the object from height h, it would gain Ex = % mu?/2 ie E/2!!
By projecting it vertically you would lose E/2

There is a symmetry here as the angle of projection is 450, so vertical and horizontal velocities are

the same, so if you lose the vertical component of the energy, by symmetry you would  simply lose
half the energy — but only because air resistance = 0!!

6.3 Problem

Two balls are projected vertically upwards from the same point, the second 2 seconds after the first,
with the same initial velocity of 40 m-s™'. The balls will collide at a height of:

A 200 m B 80 m C 75 m D 40 m




Solution C

Let the two balls collide t seconds after the first ball is thrown, and let h be the height at which they
collide.

For the first ball: h=40xt- ' gt’ For the second ball: h =40 x (t —2) — 5(t — 2)*

Putting h=h we get 40 x t — 5t =40 x (t — 2) — 5(t— 2)°

So 20t =80 + 20 = 100, so t = 5 seconds; which givesh=40x5-5x5°=75m

6.4 Problem Path followed by motorbike

A daredevil on a motorbike jumps a river 6 m wide.

He lands on the edge of the far bank, which is 2.5 m AN A 2,5m
lower than the bank from which he takes off.. His minimum i
horizontal speed, in m-s’, at takeoff must be
>
A 70 B 85 C 108 D 120 6 m
Solution B
o ) 2h 5
The time it takes to fall 2.5m: h= Y2at*so t= [— = E =4/0.5=0.71s
g
Whilst in the air there is no horizontal acceleration, so the time speed needed to cover the 6m  of
river is: ﬁ =8.5 m's™, rounded off to 2 significant figures.

Discuss some aspects of this problem within your group.
6.5 Problem
Using the principle of conservation of mechanical energy find the velocity with which a body  must

be projected, vertically upwards, from the Earth’s surface, to reach a height of R above the Earth’s
surface. Assume the Earth’s mass is M and its radius R. Neglect air resistance.

2
A vz,}—GM B VZJ—zGM C v=2GMR D v= oM
R R 2R

Solution B

Using the principle of conservation of energy,

mgh = % mv? or using giving values MgR =" Mv? so v = JZgR

GM; GM 2MG
But F=mg= Rzm S0 g = = then from the above v = JT




6.6 Problem

Two projectiles are launched simultaneously with the same initial speed, in the same direction and
from the same point on a horizontal plane. One is launched at 70° to the horizontal, and the other at
20° to the horizontal. Which one of the following statements is true, if the air resistance is neglected?

A The projectiles will land at the same time
B Both land at the same point.
C The projectile launched at 70° to the horizontal will land first.
D The horizontal component of each is constant and has the same value.
Solution 1 B
For the projectile launched at 70°
0.94
Vert component = vgsin70 = 0.94vg so time to reach max height using v=u+ at is;t = Y the
g

g
Horizontal comp = vcos70 = 0.34v

time of flight is 2t =

SE€CS.

0.34vx1.88v _ 0.64v*
g g

This means that the range is 0.34v x 2t ie. 0.34vx 2t =

For the projectile launched at 20°

g

Vert component the time of flight is 2t = secs.

Horizontal component is vcos 20 = 0.94v
0.94vx 0.68v _ 0.64v’

g g
The range in both cases is the same so the projectiles land at the same place.

This means that the range is 0.94v x 2t ie. 0.94vx 2t =

Solution 2 B

It also possible to do this making the assumption that the initial speed is, say, 20 m-s™' and then solve
the problem numerically

6.7 Problem

A car covers half distance between two points at 20 km/h and the remaining next half at
30 km/h. The average speed of the car is:

A 30 km/h B 28 km/h C 25 km/h D 24 km/h E 22 km/h

Solution D

Let the total distance be 2d, then the average speed V is defined by

V= Total Distance _ 2
Total Time T




d d
Now the average speed for the first half v, = Lt_ } and for the second half v, = [—J

1 2

d d
This then means that t, = (—J and t, = (— J

\4 v,

D=2dand T= 4t 6= E+EZ(M]:C{V2+V1]

Vi 'V, ViV, ViV,

V:(B): 2d :[ 2vv, j or simply VZ(EJZ( 2V, ] ......... €))
T d(szrvlj v, +V, T v, tVv,

Viva

Then substituting in the values for v; and v, or 20 and 30 we get

V= 2 _ 2x20x30 _ 2% 600 — % 12 =24 km/h
T 20+30 50

Notes

1 Different values for the average velocity can be chosen to “change” the question
See also problems 6.14 and 9.5

6.8 Problem

A, B, C and D are four points on the same vertical line such that AB =BC = CD. If a particle falls
freely from rest at A, the time taken by it to describe AB, BC and CD are in the ratio of:

A 135 B 146 C  1:49 D 1:(\2-1):(\N3-2)
Solution D

For motion from A to D,

6s
3s="Lg(t,+t,+1) =1, +1,+1, = /—
& A

.. . 4s 5 t1
Similarly, for motion from A to C, t,tt,= |[—
g __t B
s
For motion from AtoB: 7 = é —+C
s |t
—D

Then, 12:\/2?7(\/5_1) and £, = %(\/5—\/5)
tlztz:t3:1:<\/§—1):(\/§—\/§)

So




6.9 Problem

A stone is dropped into a well in which the water level is # m below the top. If the speed of sound is ¢
and the acceleration due to gravity is g, then the time to hear the splash of the stone hitting the water
is:

1 [ 1
A h i+l| B h i_l|
gh ¢ gh c |

S T
g ¢ g ]

Solution A

Time of fall is given by 2h .Time taken by the sound to return = b
\/ g c

This is effectively the end of the problem — the Physics is done!! To get the required answer a little
mathematical manipulation needs to be done; this is often the case to make the answers less
“obvious™!

Sototaltimeis T = |— + — =

6.10 Problem

Two bodies of mass M and 4M are moving in a straight line, each with kinetic energy E. The ratio of
their momenta is:

A 4:1 B 1:4 C 1:8 D 1:2

Solution D

1 ! 1 ;
E = Emv2 = 2p—1s0 p, = +2mE, and similarly, E, = Emv2 = 5—250 p, =+/2m,E,
m m

A p1 21'1'11]:‘_‘,1 . m 1
Then the ratio —=4Y——= [—L = |[— =—
p, 2m. E m, dm 2

6.11 Problem Cooldrink|

can

Thebe, travelling in a minibus in the direction shown, accidentally
drops a cooldrink can out of the window as shown above. What is the
correct path that the can takes in falling to the ground?

AN E\ck D/—




Solution B

The instant the can is dropped it has a forward velocity equal to that of the minibus and the downward
velocity is 0. In time the downward velocity increases (gravitational effect) and the horizontal velocity
decreases (air resistance). This is an excellent question for group discussion!

6.12 Problem

A car accelerates along a straight road at a uniform rate. Next to the road are telephone poles 150 m
apart as shown below. If the car covers the consecutive distances between three poles in 5 and 3
seconds respectively, then the acceleration of the car is, (in m.s):

150 150
® « m > 9 « m ]
hs 3s
A 10.67 B 8 C 5.33 D 5

Solution D

Average speed occurs at half time. The average speed between the first two poles is 150/5 =30 m.s '

(= u) and between the second two poles is 150/3 =50 m.s ' (=)

The time taken to make this change is 2 /2 + 1 %2 seconds =4 s.

- 50-30
Thenusingv=u+a.twehavethata=[vtuj=( 4 jZSm.s'2

6.13 Problem

A tennis player, serves a ball horizontally from a height of 2.4 m. The distance from the service line to
the net is 6.4 m, and the net, in the middle is 0.9 m high. What is the minimum speed that the ball
must be serves at to clear the net, in m.s™'? You can neglect air resistance.

Solution B
. . . . . —
First thing is to draw a diagram and transfer all the data to it. A v
1
1
The horizontal speed does not change, so what’s needed is :
the time of flight, then knowing the distance one can find the ~ 1 24m
speed. ] Y 09m
W i
6.4 m &

Vertically: initial speed = 0,
Distance fallen= 24-09m=1.5m
Acceleration = 10 m.s “then using x = ut + Yat® we get that 3 = 10¢*
So t=0.55 secs. Then since v =x/t =6.4/0.55=11.7 m.s !

There are several other ways to solve this, including using energy. The problem also appears in a
variety of different guises, see for example Problem 6.4.




6.14 Problem

Peter runs two laps of a circuit. The first he runs slowly as a “warm up’ lap at an average speed U. At
what speed ¥ must he run the second lap, so that his average speed for the two laps is 2U?

A V=U B V=2U C V=3U D V=4U
E He cannot run fast enough to get an average speed for the two laps of 2U

Solution E

This is a very difficult problem, with an unexpected answer! The most common mistake is to try and
average the average speeds. So for example:

If Peter’s first lap’s average speed is U, then one can’t say that his average for two laps is

3U +U
i—

2U Since average speed is total distance/total time

. D .
So if he runs the first lap at U = — then in order to run two laps at an average of 2U means that for
t

him to do this he will need to cover two laps, a distance of 2D in time of ¢. This of course means that
he has no time left to run the second lap! Even at the speed of light, his average speed < 2u.

6.15 Problem

The displacement time graph for two particles A and B are straight lines inclined at angles of 30°
and 60° with the time axis. The ratio of velocities V4.V is:

A 12 B 1:\3 cC 31 D 13 E 31

Solution D

X
VB = SX—B = tan60 = \/?_a E;"';
3t /*
v, = SX—A = tan30 = : a‘r/- Nl-d';';{{j
A ot J; 6 9 x'ilz g ﬁl'|
Va 1/ \/g 1 3] | t

So VB \fg 3

So ratio VAo:Vg=1:3




7  Electricity
7.1 Problem

In the circuit shown below the resistance, in ohms (Q), between the points P and Q is:

P Q

A 3/2 B 9 C 2/3 D 1

Solution D

Many have a problem with interpreting this type of diagram correctly. Let’s look at the same problem
with a few extra labels, X and Y:

P F5{ 50 1 @ Heo

Looking at the upper wire, the RHS has X connected to Q, which means that Q and X are the  same

point! The same applies to the lower wire, Y and P are the same point. So we could redraw the
diagram as follows: x
—{ 3o }
Which is another way of asking the same question, but it
becomes easier to see the obvious. By simply sliding Y to P
and X to Q you get: K 3¢ 'Q
I T
| i R |
30
v
0 : N
P Q So the equivalent circuit is simply three, 3Q
resistors in parallel, so the equivalent resistance
30 is 1Q.

Students have got used to drawing circuits, as shown above, with straight lines
at right angles to each other. But are many other ways of doing this, F
especially if a student is drawing a free hand sketch!

Discuss the difference between these diagrams, especially the concept of a
“line” being equivalent to a “point”. Try drawing a few frechand sketches of different, but equivalent
circuits.

7.2 Problem

N identical cells of emf E and internal resistance r, are connected in parallel. This combination is then
connected to an external resistance R. The current in R is:

& & & 4

A B

N
R+r R+ Nr R+ R+
N r




Solution C

. . 1 1 1 2 roo. . : : .
For 2 resistors in parallel we have —=—+—=—=7r = 5 Similarly if 3 resistors are connected in
ror r

r . . . . .
parallel, ri becomes 7, = 5 clearly for N resistors in parallel the effective resistance »; will be = -
N

The diagram (not drawn to scale) below shows three small metallic balls carrying charges of

—q1, — g2 and + gs. They are on an insulated stands in the same straight line. The magnitude of the
net electrostatic force experienced by charge q» due to the presence of the other two charges can be
expressed as:

The equation for the circuit is: E= i ( R+ rl.) S0 i=

7.3 Problem

A kg3
Xy
q,+q;
k
B ©( x’y? ) "' """"" """"""" ""
C @y x : X I y I
kq,(——==5)
Xy
2 2
q,y ;X
D k%(%)
Xy
Solution D

Let the force between q: and q» be Fx, and that between q» and g3 Fy. Inspection shows that Fx pushes
g to the right (repulsive force), and Fy pulls Fy to the right (attractive force). This means that the
resultant force Fr on q is Fr = Fx + Fy

X X y2 X y X2y2

k k k k 2 + 2
F, = % and F, = DL then F, = —qlqu +_q22q3 = qu(—q'y 9% j
7.4 Problem

A battery of emf 12V has an internal resistance of 3 €. Three of these are connect in parallel to an
external resistor of 5 Q. What is the power dissipated in the 5 € resistor?

A 24 W B 11.25W C 20 W D 8.80 W
Solution C

Three cells in parallel means that the Total Er = 12V and the resistance the cells R¢ can be found:

1/Rc =% + % + Y45 means that R.= 1Q.




So total resistance Rt = 1Q + 5Q = 6€. This means that the current in the circuit is 2A.

Power =’R =2°x 5 =20W

7.5 Problem

S and T are two charged spheres placed on insulated stands. The charges on S and T are — 2 pC and +
6 uC respectively. The spheres are allowed to touch each other and then returned to their original
positions.

Which of the following statements is true.

A S has gained 2 x 10° electrons B T has gained 2 x 10° electrons
C S has lost 2.5 x 10" electrons D T has lost 2.5 x 10" electrons

Solution C
The charge on a single electron is e=1.6x10"C
1 C=6.25x 10" electrons (1 C = 1/e electrons) so 1uC = 6.25 x 10'* electrons

When the conductors are touched electrons flow from S to T so that when they are separated again,
each carries a charge of 2uC. This means that 4uC of electrons flowed from S to T,

4x625x10%=2.5x 10" electrons.
7.6 Problem

The RMS value of alternating current which produces heat in a given resistor at twice the rate as a
direct current of 3A is in amperes:

A 15 B 6 cC 213 D 3\2

Solution D

The RMS current = to the equivalent DC current.

Energy generated Q = I’R, so for 3A, Q = 9R. So for twice the energy, 2Q = i’R

ie 18R = i’R. Soi?=18and i=V18 =V(2 x 9) =32.

7.7 Problem

Questions 7.71 and 7.72 refer to the diagram below. It shows two parallel plates a distance d apart a
potential difference of 20V between them with Y at the higher potential. A small particle P of mass

6 x 107'% kg carrying a charge of -9 uC is released from plate X. Neglect gravitational effects.

7.71 The speed u with which P reaches plate Y is:

T
A 7746 m.s’! . .
B 1225m.s’ ; ’
C 30 m.s™ x T v
D unable to calculate it unless d is known,




Solution 7.71 A

PD, in volts, is equal to the work per unit charge,

s0: Vq=Energy=%mu2
2Vg  2x20x9x10°

to getiu® = =4 = 20 60x10° = u = T746m.s”
m 6x10

7.72 1If the speed with which it reached plate Y above was u, and the distance between the plates is
now increased to 2d, the speed with which it reaches plate Y after being released from X is

now.
A 2u B u C  ul D ou
Solution 7.72 B

As is shown in the calculation above, the speed is independent of the distance between the plates, so
the speed remains at u

7.8 Problem

A charge Q is divided in to two parts g and (Q-¢). What will the ratio q/Q for the force between them
to become the maximum?

A 1/8 B VZ3 C Va D none of the above

Solution B

23. (O)
ol aQ-@ ! aQ-q
: dne r 4ne r’
The force will be maximum if,, £=0 ! Q—22q:0
dq dne, T

- - 1
: Q22q:0 ! Q22q:0 soQ—2q=0:>Q=2qég=—
4ne, T 4ne, T Q 2

0

Problem 7.9

A light emitting diode, LED, is connected to a horizontal coil as shown on the
right. A bar magnet is moved within the coil to generate an electric current. Which
one of the following actions will make the LED light up? The bar magnet is:

dropped vertically, N-pole down, through the plane of the coil

dropped vertically, S-pole down, through the plane of the coil

rotated horizontally in a clockwise direction in the plane of the coil,
rotated horizontally in an anti-clockwise direction in the plane of the coil

oaQw»




Solution 7.71 A

PD, in volts, is equal to the work per unit charge,

s0: Vq=Energy=%mu2
2Vg  2x20x9x10°

to getiu® = =4 = 20 60x10° = u = T746m.s”
m 6x10

7.72 1If the speed with which it reached plate Y above was u, and the distance between the plates is
now increased to 2d, the speed with which it reaches plate Y after being released from X is

now.
A 2u B u C  ul D ou
Solution 7.72 B

As is shown in the calculation above, the speed is independent of the distance between the plates, so
the speed remains at u

7.8 Problem

A charge Q is divided in to two parts g and (Q-¢). What will the ratio q/Q for the force between them
to become the maximum?

A 1/8 B VZ3 C Va D none of the above

Solution B

23. (O)
ol aQ-@ ! aQ-q
: dne r 4ne r’
The force will be maximum if,, £=0 ! Q—22q:0
dq dne, T

- - 1
: Q22q:0 ! Q22q:0 soQ—2q=0:>Q=2qég=—
4ne, T 4ne, T Q 2

0

Problem 7.9

A light emitting diode, LED, is connected to a horizontal coil as shown on the
right. A bar magnet is moved within the coil to generate an electric current. Which
one of the following actions will make the LED light up? The bar magnet is:

dropped vertically, N-pole down, through the plane of the coil

dropped vertically, S-pole down, through the plane of the coil

rotated horizontally in a clockwise direction in the plane of the coil,
rotated horizontally in an anti-clockwise direction in the plane of the coil

oaQw»




8 Modern Physics
8.1 Problem
The Large Hadron Collider (LHC) at CERN is designed to accelerate groups of protons around a large
circular ring. At any moment, there will be 3 000 groups in the ring and each group will contain about
10" protons. All the protons go around the ring 10* times per second. What is the best estimate of the
current in the ring?

A 50 pA B 160 nA C 500 mA D 1.6 A E 160 A
Solution C
Current is rate flow of charge: g/t. Total charge = 3000x 10" x 1.6 x 10" =4.8 x 10° C

Frequency 10" Hz; ie t = 10~ sec. this means that the current is 0.48A = 480mA — close enough —
mainly because you never know exactly how many protons there are etc.

8.2 Problem

The Sun’s power output is 3.8x10?® W. Approximately 10% of this is given out in the form of visible
light. Take the average wavelength of visible light to be 500 nm. What is the approximate number of
photons of visible light that are given out per day by the Sun?

A 10" B 10% C10% D 10" E 10%

Solution C

A single photon has energy E = hf =hc/A.=6.63 x 10> x 3x 108/500 x 10°=3.98x 107 ]

10% of solar power = 3.8 x 10*° W. S0 3.8 x 10* /3.98 x 10" = 9.56 x 10* photons/sec. (10*)

So in a day 3 600 x 24 x 9.56 x 10* = 8.25 x10* photons; say 10*° photons per day

8.3 Problem

A proton and an alpha particle are accelerated through the same potential difference. The ratios
of their de-Broglie wavelengths (Ap/Aa) will be:

A 1 B cC 22 D 2 E

N | —

2
2
Solution D

. h .
de Broglie wavelength; A = E As both the alpha particle and the proton have been accelerated through

2

the same PD, they will have the same energy; E = 2—
m

So for the alpha particle and for the proton we have P; =2m E




8.4 Problem
Light of two different frequencies whose photons have energies of 1.0 eV and 2.5 eV respectively,

illuminate of metal whose work function is 0.5 eV. The ratio of the maximum speed of the emitted
electrons will be:

A 1:42 B 12 C 14 D 18
Solution B
The kinetic energy of photo electrons is given by:

Ex =E -Wg
where E is the energy of the incident photon and Wk is the work function of the metal.
For the 2.5eV photon: /2 mv? =2.5-0.5=2¢eV
For the 1 eV photon: > mu*=1-0.5=0.5eV

2
0.5
Then u_2 = —=

u 1
2

1
A 2 4 \
8.5 Problem

Which one of the following expressions correctly gives energy £ of a photon of wavelength 4 and
frequency f? (Planck’s constant = /)

A E=he B E=— C E=— D E=—

Solution D

h
E = hf. From the wave equation we have ¢ = fAso f = % andso E= 70




8.6 Problem

What is the maximum kinetic energy (in eV) of a photoelectron emitted from a surface whose work
function is 5 eV when illuminated by a light whose wavelength is 200 nm?

A 1.90 eV B 1.21eV C 3.10eV D Zero
Solution B

The kinetic energy, Ex, of the photoelectron is given by the equation:

Ex = Epnoron —Work function, ¢, or

Ex = hf — ¢. From the wave equation c = fA, so

v 3.0x10°ms’]

A 200x107m
ie. Ex=hf-¢
(6.63x107*Js)(1.5x107"° Hz) 5
= -Se
1.6x10"Jev!
= 6.21eV-5eV =121eV

v

8.7 Problem

The ratio of momenta of an electron and an a.-particle which are accelerated from rest by a potential
difference of 100 V is:

A Me B HMe C 2me D 1
2ma mg, mg

Solution B

As both the electron and the alpha particle are accelerated through the same PD, they have the same
energy:

1 2 1 2 ve _ ma
7MYy = 2MyV, = —=
v, m,
my, m ,m m
but momentum =my, .. —SL=—¢ [L= [_¢F
mava ma me ma

8.8 Problem

What is the electric field strength required (in V. m™) to just hold a water droplet with a diameter of
1 x 10° m if it is carrying a charge of one electron, 1.6 x 10 " C ?

A 3.27 B 32.7 C 32.7x10° D 3.27x10*




Solution D

Diameter of drop =1 x 10 ° m, so radius =5 x 10 " m. Vol =4/3nr’ =5.24x 10 " m’

Now 1 m® = 1000 / and 1 / water has mass of 1 kg, so 1 m® has a mass of 10° kg and weighs 10* N
Therefore, the weight of the dropletis =5.24x 10 " x 10* N=524x 10 °N

Electrostatic force on the electron: F = e x E, so weight W = ¢E

iec. E=W/e=524x10""%N/1.6x10" soE=3.27x10*V.m !

Problem

The age of wood can be found by comparing the amount of carbon-14 a sample contains to the
amount of carbon-14 in a fresh piece of wood. Such a piece of wood contains 8 times the amount of
carbon-14 as a sample from an ancient campfire. How many years ago was the campfire burning if the
half-life of carbon-14 is 5 600 years?

A 44 800 B 22 400 C 16 800 D 11 200

Solution C

At time T = 0 was when the wood burnt.
After 5 600 years 2 the Cy4 is left

After 11 200 years %4 the Ci4 is left, and
After 16 800 years /5 the Cy4 is left.

This works very nicely, but when the exact time is not an integer multiple of the half-life a different
approach is needed. The change SN in the number of nuclei N present occurring in a short time 6t is
proportional to both N and dt, so

ON =-AN 8t where A is the decay constant. Then dividing by 6t we get:

ON N
— = AN which has the solution — = e'kt

ot N,

This can then be used to solve all these decay problems with the appropriate manipulation.

Fortunately, this is not in the CAPS curriculum!!




9 Additional Examples covering all topics. These are more difficult!
9.1 Problem
The diagram below shows a cubic network of 12 of resistance

wires, each with a resistance of R Q. A current I passes through
the network from P to Q. What is the effective resistance between

P and Q?
A 12R Q B B Q C B Q P
12 6 1
D E Q E E Q
6 12
Solution D

It is clear that to draw the equivalent circuit is extremely difficult, and then not easy to use either.
It is also clear that the PD between P and Q can be assumed to be V volts.

Then there are 3 paths from P and each splits in two, these splits rejoin and so there are 3 paths that
meet at Q .

If the current I is assumed to be 6 A, (or 12 A) then the current breaks into 2 A eachat Pand 1 A at
the split after that

So therefore the PD across one ”arm” of the cube will be, 2R, R and 2R since =2, 1 and 2 A
respectively and using V =1R gives V =2R + R + 2R = 5R then effective resistance Rpq=V/I =5R/6

9.2 Problem

Find the effective resistance, resistance between A and B of an infinitely ladder of resistors, each of
resistance r Q.

Solution B - Q
A

;:'_#:i_ _i_i_i

The above diagram shows an infinite “ladder” of resistors of value r Q each. If we were to cut at the
broken line we would get two pieces as shown: piece R to the right and piece L to the left

A

S I o o (B

Adding or removing such a part has no effect on the resistance of the infinite ladder. So assume that
the resistance between points A and B is R €, then we only need to solve the following circuit:




L
- Considering the parallel arrangement and assuming that Rp is the
r g resistance of the parallel combination, we get
B 11,1 R
«—— s —=-+—s0 R, = . We can now redraw the circuit as:
r R, r R r+R
r
to—mmm
: rR
Then assuming Rag = R as before we get that R = 2r +
B r+R r+R
— This reduces to R? = 2r* + 2rR
r
Or R?-2rR —2R*=0. This quadratic can be solved using:
-b++/b*-4ac Zri\/4r +8r? 2ri\/12r Zrin\/_
= f to get R = =r(1+ \/_
So the resistance of the infinite ladder of r Q resistors: R = r(l +43).

9.3 Problem

A proton of mass m and charge +e is moving in a circular orbit in a magnetic field with energy
1MeV. What would be the energy of an a-particle (mass 4m and charge +2¢e) so that it can
revolve in the path of the same radius

A 0.5 MeV B 1 MeV C 2 MeV D 4 MeV.
Solution B

va my 2mE
Now for circular motion in a magnetic field F =gvB=——=¢gB=—= P_

r ror r
2
\N2mE 2mE rqB
then r = e and r° = T > so E= m then since q and B are the same
qB q B 2m
2
E ;1— doubling the charge and making the mass 4x larger leaves the energy the same.
m
9.4 Problem first second
detector detector

A beam of identical particles ' :
moving at speed of 0.98c is
directed along a straight line
between two detectors 25 m » ! !
apart. beam of particles e :

' 25m '

The particles are unstable and the intensity of the beam at the second detector is a quarter of the
intensity at the first detector. The half-life of the particles is:

A 17x 108 s B 1.7x10°% s C 85x107% D 425x107°s




Solution C

1
Distance between detectors in rest frame of particles = 25 (1 -0.98° )2 =5.0m
distance 5

= =1.7x10"s
speed  0.98¢

Time taken in rest frame of particles =

1.7x10"
Time taken for the intensity to decrease to a ¥4 = two half-lives = XT =8.5x10"s

ie. One half-life=8.5x 107’ s

9.5 Wertheimer’s Problem

Wertheimer wrote Einstein a letter with the following
problem:

An old clattery auto is to drive a stretch of 2 km, up

and down a hill. Because it is so old, it cannot drive )
the first km — the ascent —faster than with an 5 \

average speed of 15 km per hour. Question: How fast ?/

does it have to drive the second km — on going down,
it can, of course, go faster—in order to obtain an / \\
average speed (for the whole distance) of 30 km per

hour?

Solution
Einstein fell for this teaser

Wertheimer's thought problem suggests the answer might be 45 or even 60 km per hour. But that is
not the case. Even if the car broke the sound barrier on the way down, it would not achieve an average
speed of 30 km an hour. Don't be worried if you were fooled, Einstein was at first too. Replying “Not
until calculating did I notice that there is no time left for the way down!”

How long does it take the old car to reach the top of the hill? The road up is one long. The car travels
15 km per hour, so it takes four minutes (one hour divided by fifteen) to reach the top. How long does
it take the car to drive up and down the hill, with an average speed of 30 kms per hour? The road up
and down is two kms long. Thirty kms per hour translates into two kms per four minutes. Thus, the
car needs four minutes to drive the entire distance. But these four minutes were already used up by the
time the car reached the top.

See also Problem 6.7




10 Data Sheet

10.1 Physical Constants

Quantity Symbol Value
Acceleration due to gravity* g 10 m.s™
Universal Constant of Gravitation G 6.67 x 107" N.m* kg™
Speed of light in a vacuum c 3.0x10° ms™
Planck’s Constant h 6.63x10°*J.s
Coulomb’s Constant k 9.0 x 10° N.m* C*?
Charge on Electron e -1.6x10"7°C
Electron mass me 9.11x 107" kg
* For simplicity use this unless otherwise stated
10.2 Other
Earth — diameter = 12 800 km
Sun - diameter = 1.4 x 10° m
IAU=1.5x10"m
10.3 Mechanics
10.3.1 Motion

2 2 2 Vs v
vi=Vv; + aAt Vi =vi~ + 2aAx Ax = viAt + 2 aAt” Ax = 5 At
10.3.2Force

2
Fres = ma p=mv FAt= Ap fi = N F=Y
r
10.4.3Work, Energy, Power
W = FAxcos0 E, = mgh Ex = mv? W = AE, + AE
Power = W/At Power = Fv
10.4 Sound, Waves and Light
1 1 1 ctv
v =1\ T=1Uf —=—+4+— f = f,
f v u c v,

Speed of sound in air = 340 m.s™'
Frequency (in Hz): IR from  ~5x10"—-4x10"

Visible from~4 x 10" -8 x 10'*
UV from ~8x 10" —-5x10"
X-rays ~5x 10" -3 x 10*




10. S Heat
AQ = mcA0 Specific Heat Capacity ¢ = rﬁATQe Jkg!' K

10.6 Electricity

10.6.1 Electrostatics
k ki A/
F= %q E = —? F E=—
T r E== d
q
10.6.2 Circuits
V=IR E=IR+r) q=IAt C=g
v

R=rn+nn+tn+ ...

Power = IR = V¥R = VI

Work W = VQ = VIAt

11  Gravitation

_ GMm

2
r

F

12 Modern Physics
: h
De Broglie wavelength A= E and E =hf

Photoelectric effect Ex=hf-¢

Wave equation: ¢ =f\A
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11.1

11.2
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11.1
11.2
11.3
11.4
11.5

SI Units
Base units
Base Quantity Name Symbol
Length Metre m
Mass Kiliogram kg
Time Second s
Electric Current Ampere A
Temperature Kelvin K
Quantity of Substance | Mole mol
Luminous Intensity Candela cd
Derived Units
Quantity Name Symbol Expression in terms of | ITO other SI
Base Units Units
Acceleration a m.s
Plane angle Radian rad m/m
Frequency Hertz Hz s
Force Newton N kg.m.s J/m
Pressure Pascal Pa kg.m.s* N/m?
Energy: work Joule J kg.m’. s N.m
Power Watt W kg.m* s J/m
Electric charge Coulomb | Q Ass Ass
kg.m’
Electric Potentail (emf) Volt v As W/A
A’s'
Capacitance Farad F 3 C/vV
kg.m
. . kg.m’
Electrical Resistance Ohm Q >3 V/A
A’s
. kg.m’
Magnetic flux Weber Wb AlS Vs
kg
Magnetic field intensity | Tesla T A Wb/m?
kg.m’
Inductance Henry H (or L) Al Wb/A
Contributors

National Science and Technology Forum; proSET
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Institute of Physics, IOP for Africa Project, United Kingdom
British High Commission to South Africa
The South African Institute of Physics, SAIP.




13 Answers for MCQs - Volume 1

#3 Mechanics

1 C |2 B [3 Y |4 C |5 €C |6 C 7 D |8 C |9 C |10 W
11 C |12 C |13 D |14 D |15 C |16 B |17 B |18 C |19 A |20 B
21 D |22 D [23 D [24 A |25 D |26 D |27 B |28 A |29 D |30 B
31 C |32 D |33 C [34 B |35 A |3 C |37 D |38 C |39 C |40 D
41 B |42 D |43 B |4 B |45 A |46 B |47 D |48 E |49 D |50 C
51 B |52 B |53 C [54 A |55 D |5 D |57 C |58 D |59 E |60 B
61 C |62 D |63 A [64 C |65 C |66 C |67 B |68 C |69 B |70 B
71 C |72 C |73 W |74 B |75 B |76 D |77 B |78 B |79 D |8 B
81 B |8 D |83 E |84 D |8 D |8 A |87 B |8 C [8 B |9 D
91 C |92 C |93 C [94 A |95 C |9 B |97 A |98 D |99 D |100 E
101 C |102 D [103 D |104 D |105C |106 E | 107 B

#4 Electricity

1 C |2 C 3 B |4 C 5 C 6 A |7 B 8§ D |9 A 10 B
11 D 12 C 13 B 14 C 15 C 16 C 17 D 18 A 19 B 20 D
21 C 22 A |23 C 24 C 25 C 26 D |27 B 28 A |29 A 30 A
31 C |32 A |33 B [34 B 35 C 36 B 37. A |38 A |39 C |40 B
41 E 42 A |43 C 44 C 45 D |46 D |47 B 48 E 49 C 50 C
51 B 52 A 53 B

#5 Additional Mechanics

D 2 A 3 B 4 B 5 B 6 C 7 A 8 A 9 X 10 D
11 A 12 C 13 A 14 A

#6 Additional Electricity

1 ¢ |2 B [3C |4 A |[5B |6A |7D |8C |[9A [10B |

Notes

5.9  No answers given
6.9  Answer should be 112.5 — the decimal point has been incorrectly placed.




13 Answers for MCQs - Volume 2

#3 General Properties of Matter

1 C 2 A 3 C 4 C 5 B 6 B |7 C |8 C E 10 A
11 C 12 D 13 D 14 D |15 B 16 A |17 A |18 C |19 B 20 B
21 D 22 A 23 C 24 C |25 D 26 D |27 A |28 B 9 C 30 C
31 C 32 B
#4 Waves
B |2 A |3 C |4 C 5 D |6 A |7 E C A |10 A
C 12 D 13 C |14 B 15 C 16 C |17 D 18 A |19 D |20 A
B 22 C 23 A 24 C 25 B 26 B |27 E
#5 Sound
1 C D 3 D C B |6 B |7 C |8 A 9 C 10 B
11 A 12 C 13 C 14 A 15 B
#6 Light
1 B 2 C 3 D 4 C 5 D 6 C 7 D 8 D 9 A 10 C
11 D 12 C 13 C 14 B 15 D 16 B 17 C 18 C 19 C 20 B
21 A 22 B 23 A 24 A 25 A 26 D 27 C 28 C 29 C 30 D
31 C [32 C |33 D |34 D |35 C |36 D |37 D [33B |39 B |40 D
41 A 42 D 43 D 44 A 45 B 46 A 47 D 48 A 49 D 50 D
51 C |52 C
#7Heat
B D 3 A D 5 D A 7 A 8 A B 10 C
A 12 B 13 D 14 C 15 C 16 B 17 B 18 C 19 A 20 C
F
#8 Modern Physics
1 A |2 D 3 D 4 C 5 B 6 C 7 D |8 C 9 B 10 B
11 D |12 C 13 C 14 C 15 D 16 D 17 E 18 B 19 B 20 A
21 C |22 C 23 7 24 B 25 C 26 D 27 C |28 * 29 B 30 C
31 D [32 D (33 D
#9 Additional Problems
D [2 C |3 D |4 C 5 D|6 A |7 C |8 B |9 B 10 C
11 B 12 B 13 B 14 ** |15 16 B 17 E
Notes:
* Typo with decimal point — 112.5 is correct

**  Given answer A is not correct — need to use K not C°—1.56 x 10° J.K!




14

14.1

14.2

14.3
14.4
14.5
14.6
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