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SKILLS

SKILLS
REQUIRED FOR PHYSICAL SCIENCES

Science as a field of study evolved from our human need to better understand
and explain the world in which we live. Physical Sciences is divided into two
disciplines, namely Physics and Chemistry. Physics deals mainly with the study of
the laws of the Universe. Chemistry deals with the study of matter and materials.

In both disciplines it is necessary to do scientific investigations, solve problems
and present findings.

MATHEMATICS SKILLS REQUIRED FOR
PRACTICAL INVESTIGATIONS

Mathematics plays a very important role in this process. Mathematics skills
include scientific notation, unit conversions, using formulae, ratios and
proportions, and trigonometry.

Scientific notation

» In science we often work with very small and very large numbers; from the
mass of an atom to the radius of the earth.

» In scientific notation, a number is expressed as a product of two numbers, i.e.:

coefficient: — N\ » qgn—— any integer
1<N<10
I—base 10

For example: 2,57 x 10 ; -1,09 x 10*

> N is any number from 1 to 9,999... (we refer to it as the coefficient of 10").

> nis any integer, so 10" represents a power of 10, e.g. 1072, 107, 10°,
10°, 10%° etc.

> Negative numbers get a negative sign (-) before scientific notation. ﬁ'
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Conversion of ordinary numbers to scientific notation

» Move the comma until there is only one place (digit) before the comma.
» |If the comma has to move n places to the left, then the notation is: N x 10™"

» If the comma has to move n places to the right, then the notation is: N x 10"

Therefore, a very large number has

a positive exponent and a very small = &3
number has a negative exponent. ﬁ

move comma 4 places to the left
For example: Y
positive exponent

25789,4 = 2,57894 x 10*

OR 0,000257894... = 2,57894 x 10*

move comma 4 places to the right

negative+exponent
Examples
Convert the following numbers to scientific notation:
1) 2 000,40 2) 0,0000000789
Solutions positive exponent negative exponent
1) 2,0004 x 10° 2) 7,89x10°%






























Conclusion:

The voltmeter reading ofthe Zn Zn and Cu Cu half-cell combination
with the Zn half-cell as anode and the Cu half-cell as cathode is the highest.
Therefore, it is the strongest galvanic cell of the three cells being
investigated. The strongest reducing agent is Zn and the strongest oxidising
agentis Cu

Practical Investigation 3: Investigate the reduction of metal .
ions and halogens
Requirements:
metals in powder form: Mg, Zn, Cu, Fe
metal salt solutions, e.g. MgSO , ZnSO
bromine water, chlorine water /-
halide salt solutions.

—~

non-polar soh
test tubes
thermometer
spatula

Method:

Half-fill four test tubes with C. - f vely.
Note the temperature reading

Add a spatula of Mg powder to g1ass rod.

Take the temperature again. Alst .«ecord any colour changes.
Rinse the test tubes.

Repeat three times but now add Zn powder, then Cu powder and then

Fe powder to each in turn.

Arrange the metals above in order of reactivity (from the strongest to the
weakest reducing agent).

(Remember that a more reactive metal is a stronger reducing agent and so
can displace another metal from the solution of its salt.)

1
Fill three test tubes up to one third with KC", KBr and Kl solutions
respectively.

Note the temperature r~ h.
Add approxim=* alar solvent to each and shake well.
Add 1 'd shake well.

Y and complete the

reactivity.
2nger oxidising agent and

its salt.)
i

dicates that a reaction
y shows that a

ayers separate. Determine

» the colours of the layers.

Conclusion:
!
Order of decreasing reactivity (decreasing strength as reducing agent):
Na, Mg, Zn, Fe, Cu.
1
Order of decreasing reactivity (decreasing strength as oxidising agent):

C ,Br,I.
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The direct current generator (DC generator)

B c When the slip rings are

replaced

by a split-ring commutator, DC
can be generated instead of AC
to create a DC generator.

©
The coil is turned clock-

wise to a vertical position. The

brushes lose contact with the
commutator segments and no {
current flows.

@)

The coil is rotated clockwise:

AB moves upwards while CD moves
downwards to a horizontal position.
A current is induced in the armature,
which flows from A — B — C — D.
The current in the external circuit
moves clockwise.

The coil is turned further clockwise
to a vertical position. The brushes
lose contact with the commutator
segments and no current flows.

The coil is rotated further clock-
wise (AB moves downwards while
CD moves upwards) to a horizontal
position. A current is induced which
moves fromD —- C —- B — Aiin
the armature, but still clockwise

Zey

in the external circuit.

242

Each carbon brush makes contact with another segment of the split-ring
commutator every half a revolution. Although the current in the coil/armature

changes direction every 180°, the current in the external circuit always flows in the

same direction, and DC is supplied.

+

Induced emf (V) /
current (A)

Degrees/
90° 180° 270° 360° Time (s)
D A D
| =l |
A D D A
A D A
Position: 1 2 3 4 1

The magnitude of the emf/current induced still changes from zero to a maximum,
to zero again, etc., the same as in the AC generator.

ALTERNATING CURRENT: SYMBOL (O

In South Africa, generators supply alternating current at 50 cycles per second
(50 Hz or 50 s™).

~—

Average current and potential difference
in an AC circuit

» A source of direct current such as a cell or battery can supply a constant

maximum voltage and current to a circuit for a long time. (Later, it will decrease

as the battery runs down.)

+ 4

V (V)

0 > Time (s) 0 Time (s)

&

NB: The DC supplied by a
DC generator varies.

Therefore, the average value of the voltage
and current coincides with the maximum.
The current/charge constantly flows in the
same direction.
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QUESTIONS

ELECTRICITY AND MAGNETISM

RMS VOLTAGE AND CURRENT

Question 25

The municipality of Dinaledi implements a power
cutback in the town. As a result of the cutback, the
Vrums drops from 220 Vrus to 200 Vrus.

25.1 Calculate the peak voltage during cutback.

25.2 A certain electric appliance dissipates
1 200 W when it operates at 220 Vrus.
Calculate the power at which it will operate
during the cutback.

25.3 Itis common practice to connect many
appliances to a multi-plug. Modern types of

multi-plugs have a cut-off switch built in.

Using physics principles, explain clearly why
this cut-off switch is important.

Question 26

Lights in most households are connected in parallel,
as shown in the simplified circuit below. Two light
bulbs rated at 100 W; 220 V and 60 W; 220 V
respectively are connected to an AC source with an
RMS value of 220 V. The fuse in the circuit allows a
maximum current strength of 10 A.

fuse

| — a
| |
10A
220V
100w [60W
b

Calculate the peak voltage of the source.

26.1

26.2 Calculate the resistance of the 100 W light
bulb, when operating at optimal conditions.

26.3 An electric iron, with a power rating of 2 200 W,
is connected across points a and b in place of
the 60 W light bulb. Explain, using a

calculation, why this is not advisable.
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Question 27

A source provides an RMS potential difference of
36 Vtoa4 Qandan 8 Q speaker connected in
series, as shown in the diagram below.

36 VRMS C/?

Calculate the following:

27.1.1 RMS current strength through the
4 Q) speaker

27.1.2 peak current strength through
each speaker

27.1.3 average power dissipated by the
4 Q) speaker.

loudspeaker 1
40

1
LI
|:| loudspeaker 2

8 Q

271

27.2 Without using a calculation, state how the
average power dissipated by the 4 Q speaker
compares to the power dissipated by the 8 O
speaker. Give a reason for your answer.

Question 28

The average power of a lamp is 15 W. The lamp can
be used with either an AC supply or a DC supply.
The graph below shows the AC potential difference.

_S 12
S o
5 Time (s)
£
5 -12
28.1 Calculate the potential difference of a DC

supply that will produce the same brightness
of the lamp.

28.2 Calculate the peak current through the lamp

when connected to a 12 V AC supply.

28.3 Draw a sketch graph of current strength
through the lamp versus time when connected
to the AC supply. Indicate the value of the peak
current on the graph.

257

ELECTRODYNAMICS

Question 29

The simplified sketch below shows how an alternating
current (AC) generator, also called an alternator,
works. The coil (ABCD) is rotated clockwise as
indicated by the arrow.

The following diagrams show various positions (P, Q,
R, S) of the coil while it is rotated inside the magnetic
field. The positions are shown in order. Positions P
and R are vertical and positions Q and S are
horizontal.

29.1 What is the direction of the current in length AB
of the cail in position Q? Is it from A to B or

from B to A?

29.2 At which two positions is the induced emf in
the coil at a maximum? Give a reason for

your answer.

29.3 Draw a sketch graph of induced emf
versus time for the above AC generator.
Indicate clearly the positions P, Q, Rand S

on the graph.
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