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SESSION 1: Organic Chemistry — PHYSICAL PROPERTIES

Examination Guidelines 2021

Structure and physical properties (boiling point, melting point, vapour pressure)
relationships.
For a given example, explain the relationship between physical properties and:
o Strength of intermolecular forces (Van der Waal's forces), i.e. hydrogen bonds,
dipole-dipole forces, London forces (induced dipole forces).
o Type of functional groups
o Chain length
o Branched chains

Terms In Science Investigations:

Dependent variable: This is the variable that is being measured in an experiment. It
forms the vertical axis of a graph.

Independent variable: This is the variable that is manipulated or changed in an
experiment. It usually forms the horizontal axis of a graph.

Control variable: This is the variable that is kept constant so that the relationship
between the independent and dependent variables can be
found.

Investigative question: It is a relationship between the independent and dependent

variables. It is phrased as a question with a question mark.

Hypothesis: It is a prediction about what the relationship between the
independent and dependent variables. It is a statement, not a
question. It is also an assumption that can be proved right or
wrong by doing an investigation.

Fair test: This is an experiment (or investigation) in which there is only one
independent variable.

= Boiling point: The temperature at which the vapour pressure of a substance equals atmospheric pressure.
+ The stronger the intermolecular forces, the higher the boiling point.

= Melting point: The temperature at which the solid and liquid phases of a substance are at equilibrium.
+ The stronger the intermolecular forces, the higher the melfing point,

* Vapour pressure: The pressure exerted by a vapour at equilibrium with its liquid in a closed system.
+ The stronger the intermolecular forces, the lower the vapour pressure.
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Pre-Test:

Four options are provided as possible answers to the following questions. Each question
has only ONE correct answer. Write only the letter (A-D) next to the question number (1.1-
1.5), for example 1.6. D

1. The boiling point of a compound is the ...

A. minimum temperature at which it boils.

B temperature at which its vapour pressure equals atmospheric pressure.
C. maximum temperature at which it boils.

D average temperature at which it boils across all possible atmospheric

pressures.
2. Which ONE of the following compounds has the highest melting point?
A. CH3CHs
B. CH3sCH2CHs
C. CH3CH2CH2CH2CHs
D. CH3CH2CH2CHs
3. A scientist investigates a factor which influences the boiling points of alkanes. He
determines the boiling points of the first six straight chain alkanes.
Which ONE of the following is the independent variable in this investigation?2
A. Chain length
B. Boiling point
C. Branching
D. Functional group
4, Which ONE of the following isomers has the LOWEST boiling pointe
A. CH3CH2CH2CH2CH2CHs
B. CH3CH(CHas)CH2CH2CHs
C. CH3CH2CH(CHs)CH2CHa
D. CH3CH2C(CHs)2CHs

5. Which ONE of the following compounds has the HIGHEST vapour pressure?

A. CHsCHO

B. CH3sCH20H

C. HCOOH

D. CH3sCH2CHs 5x2=[10]
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Intermolec rces (IMF)
Grad vision

Electrostatic atfraction force Inframolecular forces

between a & charge and a §* lonic bonds
charge
Covalent bonds

Intramaolecular Force = Strong
* {Interatomic farce]

Intermolecular Force = Weak
(Wan der Waals Forces)

Intermolecular forces
London forces Due to uneven distiibution of electrons around the nucleus of adjocent atoms.

Due to charge obtained by an atom due to the position of bonded electron pairs in a

Dipole-dipole forces covalent bond. The atom with the greatest electronegativity is &~

Due to strong dipole-dipole force when a H- atom (Hydrogen|is covalently bonded to a

Hydrogen bonds small but highly eleclronegative atom e.g. N, O, or F.

Intermo r Forces
DISPERSION FORCES
(LONDON FORCES) DIPOLE-DIPOLE FORCES HYDROGEN BONDS
Aldehydes
:1’;2:2? Ketones Alcohols (1 place)
Haloalkanes Carboxylic acids (2 places)
Alkynes Esters

INCREASING STRENGTH OF INTERMOLECULAR FORCES

IIIlIII a
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Mind map:

Chain len Qﬂ'l (molecular mass)

Vs
(Constant: Homologous Series)

increase in IMF

(Constant: Homologous Series)
Less branched = increase in IMF

Increase in chain length =

Branches
vS

Functional group (specify
IMF)

OH VS

— (O H
(Constant; Molecular mass)

CHO
CHO

* Hydrogen bonds
- Carboxylic acids (2 places)
- Alcohols (1 place)

* Dipole-dipole forces
- haloalkanes, ketones,
Aldehydes, esters

* London (Induced dipole)
- all organic molecules
(alkanes, alkenes, alkynes)

@vmmm fowsr caren|

Qo Tl

v

O

* Boiling point

Def: Temperature at which the
vapour pressure = atmospheric
pressure

* Melting point

The temperature at which the solid
and liquid phases of a substance
are at equilibrium.

. VCIDOUF pressure
Def: The pressure exerted by a
vapour at equilibrium with its liquid

in o closed system.

Explanation:

* |dentify structural factor and IMF

* Explain and compare strength of
IMF

* Energy needed fo overcome IMF
* Compare BP/MP/VP

London or dispersion forces

Weakest intermolecular forces -
These forces are present between all
molecules

Dipole—dipole forces

Stronger than London forces —
between polar molecules (Aldehydes,

Ketones, Esters, Haloalkanes, Alcohols and
Carboxylic acids)

Hydrogen bonds (special type of

intermolecular force)

Strongest intermolecular forces
between molecules in which H is
bonded to O.

Alcohol & Carboxylic acid

Why do carboxylic acids have stronger intermolecular forces

than alcohols?

ALCOHOL

CARBOXYLIC ACIDS

hydrogen bond H

\/
N\
//

hydrogen bond

Between alcohol molecules there is
one/less sites for hydrogen bonding.
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hydrogen bond

Between carboxylic acid molecules
there are two/more sites for hydrogen
bonding.



Compare: Boiling point of methane and butane:

COMPOUNDS

@ Difference between
Methane -162°C N COMPOUNDS & IMF
Ethane -89 °C < (2] Compare strength of IMF
Propane - 42°C %
E— 1 ee - ® Enercy needed to overcome
IMF (not bonds)
P e . . .
enfane 36°C @ Explain the difference in PHYSICAL
PROPERTIES

Constant Variable

-

. Mefthane and butane are both alkanes
Same homologous seres with London forces. Butane has a longer
chain length than methane.

Butane has stronger IMF than methane.

]

Independent Variable

Chain length More energy is needed fo overcome the
Molecular mass of the intermolecular forces of butane.
compound

w

4. Therefare, the baoiling point of butane is

Dependent Variable higher than the beiling point of methane.

Boiling point

The boiling points of the compounds increase as the chain
length (Molecular mass) increases.

Scientific Conclusion

Compare: Boiling point of propanal and ethanoic acid:

COMPOUNDS & IMF

Bolone A G ® Compare strength of IMF
Propanal 58 49 °C w
Propanone 58 56 °C = ©® enerGY needed to overcome
Propan-1-ol 60 YCC 8 9 IMF (not bonds)
Eanoe e %0 118°C E:gl:;: Tt:g difference in PHYSICAL

—

Constant Variable Propanal is an aldehyde with dipole-dipole

forces and ethanoic acid is a carboxylic
sl ainan et A acid with hydrogen bonds.
Hydrogen bonds are stronger than
Independent Variable 2. dipole-dipole forces.

Different functional groups More energy is needed to overcome the
3. intermolecular forces of ethanoic acid.

Dependent Variable Therefore, the boiling point of ethanoic
4, acidis higher than the boiling point of
Boiling point propanal.

The boiling points of the compounds increase as the strength of

Scientific Conclusion the intermolecular forces increases.
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Compare: Boiling point of butan-1-ol and hexan-1-ol:

Propan-1-ol 97 °C
Butan-1-ol 118°C
Pentan-1-ol 138 °C
Hexan-1-ol 157 °C
Heptan-1-ol H76°C

Constant Variable

Same homologous series

Independent Variable

Chain length (Mr)

Dependent Variable

Boiling point

Scientific Conclusion

20 e

Difference between
COMPOUNDS & IMF

Compare strength of IMF

ENERGY needed to overcome
IMF

Explain the difference in PHYSICAL
PROPERTIES

Butan-1-ol and hexan-1-ol are both
alcohols with hydrogen bonds. Hexan-1-ol
has a longer chain length than butan-1-ol.

Hexan-1-ol has stronger IMF than
butan-1-ol.

More energy is needed to overcome the
intermolecular forces of hexan-1-ol.

Therefore, the boiling point of hexan-1-ol is
higher than the boiling point of butan-1-ol.

The boiling points of the compounds increase as the chain
length increases.

Compare: Boiling point of pentan-1-ol and butanoic acid:

COMPOUNDS | BOILING POINT

0 Difference between

e e e

COMPOUNDS & IMF
Compare strength of IMF

Hoiars 69°C ENERGY needed to overcome
— IMF
Pentan-1-ol 138 °C a : . .
" = Explain the difference in PHYSICAL
z : = 5
Butanoic acid 164 °C O PROPERTIES
Constant Variable 1. Pentan-1-olis an alcohol with hydrogen bonds
and butanoic acid is a carboxylic acid with
The same molecular mass hydrogen bonds.
2. The intermolecular forces of butanoic acid are
5 stronger than those of pentan-1-ol because
Independent Variable the butanoic acid has two sites for hydrogen
. i bonds and pentan-1-ol has only one site for
Different functional groups hydrogen bonds.
More energy is required to overcome the
: 3. intermolecular forces of butanoic acid.
Dependent Variable L . X .
Therefore, the boiling point of butanoic acid is
Boiling point 4 higher than the boiling point of pentan-1-ol.
e - The boiling points of the compounds increase as the strength of
the intermolecular forces increases.
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Worked Example:

QUESTION 3 (SC 2021) - PHYSICAL PROPERTIES

Learners use compounds A, B and C fo investigate one of the
factors that influences the VAPOUR PRESSURE of organic
compounds.

A Butan-1-ol

B Butan-2-one

Cc Propanoic acid

3.1 Define the term vapour pressure. 2)

3.2 Write down the independent variable for this investigation.

(1)

3.3 Which compound, A or B, has the higher vapour pressure?
(n

3.4 Fully explain the answer to QUESTION 3.3.
Include the TYPES OF INTERMOLECULAR FORCES in your
explanation. (4)

3.1 The pressure exerted by a vapour at equilibrium with its liquid

(2)

3.2 Functional group/Type of intermolecular forces/Homaologous

(1)
(1)

in a closed system,

series

338

3.4

+ Compound A/butan-1-ol has hydrogen bonding
(dipole-dipole and London forces) between molecules,

« Compound B/butan-2-one has dipole-dipole forces (and

Londan forces) between molecules.

+ Intermolecular forces in compound A/butan-1-ol are stronger
than intermolecular forces in compound B/butan-2-one.

QUESTION 3 (SC 2021) - PHYSICAL PROPERTIES

3.5 The graph below represents the relationship between vapour

pressure and temperature for compound A at sea level. X
and Y represent different temperatures.

Vapour pressure (kPa)

X ¥
Temperature (“C)

3.5.1 Write down the term for the temperature represented by X.

(1)

3.5.2 State the phase of compound A at temperature Y. Choose
from GAS, LIQUID or SOLID. ()

3.5.3 Redraw the graph above in your ANSWER BOOK. On the
same set of axes, sketch the curve that will be obtained for
compound C. Clearly label curve A and curve C. 2)

2
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3.5.1 Bailing point (of compound A/butan-1-ol)

3.5.2 Gas

353

Dampdruk (kPa)
e
(=]
-
L4

Vapour pressure (kPa)

Temperature/ Temperatuur (“C)

(1

Marking criteriaiNasienkriteria:

» Curve C stars below curve
AlKurwe C begin ander
kurwe A, ¥

# Curve C remains below
curve A/ Kurwe C bly onder
kurwe A v

(4)

(1

Acceptidanvaar

+ I Cis abalked as B/ Indien
€ as B bencem (s

« I graph below graph A is
uniabelled /indien grafiek
onder grafiek A me
benoemis me
il

I both graphs unlabebed / Indien
bavde grafiek nie benoem (s me

0 marks / 0 purife

(2)
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Exam revision:

QUESTION 1

1.1
12

1.3

14

Give a reason why alkanes are saturated hydrocarbons.

Write down the structural formula of:

1.2.1 The functional group of alcohols

1.22 A tertiary alcohol that is a structural isomer of butan-1-ol

Leamers investigate factors that influence the boiling points of alkanes and alcohols.
In one of the investigations they determine the boiling points of the first three alkanes.
1.3.1 Write down an investigative question for this investigation.

1.3.2 Fully explain why the boiling point increases frgm methane to propane.

The leamers find that the boiling point of propan-1-ol is higher than that of propane.
Explain this observation by referming to the TYPE of INTERMOLECULAR FORCES
present in each of these compounds.

QUESTION 2

Leamers use compounds A to C, shown in the table below, to investigate a factor which
influences the boiling point of organic compounds.

2.1
22

23

24

A CHzCH2CH2CH:
B CHzCH=CHzCH=CH3
C CH:CH2CH2CH=-CH2CH3

Which ONE of the compounds (A, B or C) has the highest boiling point?
For this investigation, write down the:

221 Independent variable
222 Dependent varnable

Write down the name of the type of Van der Waals force that occurs between the
molecules of compound B.

How will the vapour pressure of 2-methylpentane compare to that of compound C?
Write down only HIGHER THAN, LOWER THAN or EQUAL TO.

The leamers now compare the boiling points of compounds D and E, shown in the table below.

25

D CH3CH:CH:CH2CH=0H
E CH:CHzCH:COOH

How does the boiling point of compound D compare to that of compound E? Wnte
down HIGHER THAN, LOWER THAN or EQUAL TO. Fully explain the answer.
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(3)
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CIUESTION 3
The table below shows five organic compounds representad by the letters A to E.

31

A CH.

B CH:CHa

C CH,CH,CH;

D CH3CH2CH2CHz
E CH,CH,CH

Is compound B SATURATED or UNSATURATED? Give a reason for the answer.

Consider the boiling points of compounds A to E given in random order below and use them,
where applicable, to answer the questions that follow.

| o0°C | -162°C | -42°C | -89°C | 78°C |

32 Write down the boiling point of:
321 Compound C
322 Compound E

33 Explain the difference in boiling points of compounds C and E by referring to the TYPE
of intermolecular forces present in EACH of these compounds.

34 Does vapour pressure INCREASE or DECREASE from compounds A to D? Fully
explain the answer.

35 How will the vapour pressure of 2-methylpropane compare to the vapour pressure of
compound D? Write down only HIGHER THAN, LOWER THAN or EQUAL TO.

CQUESTION 4

Four compounds of comparable molecular mass are used to investigate the effect of functional
groups on vapour pressure. The results obtained are shown in the table below.

41
42

43

44

45

46

VAPOUR PRESSURE

COMPOUND (kPa at 20 °C)
A Butane 204
B Propan-2-one 246
C Propan-1-ol 2
D Ethaneic acid 1,6

Define the term functional group of an organic compound.
Which ONE of the compounds (A, B, C or D} in the table has the:

421 Highest boiling point
(Refer to the vapour pressures in the table to give a reason for the answer )

422 Weakest intermolecular forces

Refer to the type of intermolecular forces to explain the difference between the vapour
pressure of compound A and compound B.

The wvapour pressures of compounds C and D are much lower than those of
compounds A and B. Name the type of intermolecular force in A and B that is
responsible for this difference.

Briefly explain the difference in vapour pressure between compound C and compound

During a combustion reaction in a closed container of adjustable volume, 8 cm? of
compound A (butane) reacts in excess oxygen according to the following balanced

equation:  2CsHio(g) + 130:(g) — BCO2(g) + 10H20(g)

If the initial volume of the oxygen in the container was 60 cm?, calculate the TOTAL
volume of the gases that are present in the container at the end of the reaction. All the
gases in the container are at the same temperature and prassure.

Grade 12 Tutoring Programme: Physical Sciences
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QUESTION 5
51 Define the term boiling point. (2)
52 What is the relationship between strength of intermolecular forces and boiling point? (1)

The relationship between strength of intermolecular forces and boiling point is investigated using
four organic compounds from different homologous senes. The compounds and their boiling
points are given in the table below.

COMPOUND BOILING POINT {°C)
A Propane -42
B Propan-2-one 56
C Propan-1-ol 97
D Propanoic acid 141
53 Refer to the TYPE and the STRENGTH of intermolecular forces to explain the
difference in boiling points between:
53.1 Compounds A and B (3)
532 Compounds Cand D (3)
54 Is compound B a GAS or a LIQUID at room temperature?

QUESTION &

The relationship between boiling point and the number of carbon atoms in straight chain
molecules of alkanes, carboxylic acids and alcohols is investigated. Curves P, 0 and R are
obtained.

GRAPH OF BOILING POINT VERSUS NUMBER OF C ATOMS

. —.#Curve R
- ~4Curve Q
3 __4Curve P
= .
8
=]
=
©
m
— 4 — — s
Number of C atoms
6.1 Define the term boiling point. (2)
6.2 For curve P, write down a conclusion that can be drawn from the above results. (2)
6.3 Identify the curve (P, Q or R) that represents each of the following:
631 Alkanes (1)
632 Carboxylic acids (1)
6.4 Explain the answer to QUESTION 6.3 2 by referring to the:

s Types of intermolecular forces present in alkanes, carboxylic acids and alcohols

» Relative strengths of these intermolecular forces

» Energy needed (5)
[11]
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Post-Test:

Four options are provided as possible answers to the following questions. Each question
has only ONE correct answer. Write only the letter (A-D) next to the question number (1.1-
1.5), for example 1.6. D

1. The boiling point of a compound is the ...

minimum temperature at which it baoils.
temperature at which its vapour pressure equals atmospheric pressure.

maximum temperature at which it boils.

o0 ® »

average temperature at which it boils across all possible atmospheric
pressures.
2. Which ONE of the following compounds has the highest melting point?
A. CHsCHs
B. CH3CH2CHs
C. CH3CH2CH2CH2CHs
D. CH3CH2CH2CHs
3. A scientist investigates a factor which influences the boiling points of alkanes. He
determines the boiling points of the first six straight chain alkanes.
Which ONE of the following is the independent variable in this investigation2
A. Chain length
B. Boiling point
C. Branching
D. Functional group
4, Which ONE of the following isomers has the LOWEST boiling pointe
A. CH3CH2CH2CH2CH2CHs
B CH3CH(CHas)CH2CH2CHs
C. CH3CH2CH(CHz)CH2CHzs
D CH3CH2C(CHs)2CHs

5. Which ONE of the following compounds has the HIGHEST vapour pressure?

A. CHsCHO

B. CH3sCH20OH

C. HCOOH

D. CH3CH2CHs 5x2=[10]
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SESSION 2: WORK, ENERGY & POWER

ATP (Annual Teaching Plan) 2023/24
e Define the work done on an object.

e Draw force diagram & free-body diagrams.
e Calculate the net work done on an object.

e Distinguish between positive work and negative net work done on the system.
e State the work-energy theorem.

e Apply the work-energy theorem on horizontal, vertical and inclined planes.

e Define conservative and non-conservative forces and give examples.

e State the principle of conservation of mechanical energy.

e Solve problems using the equation: Wne = AEx + AEp

e Show that Emis conserved in the absence of non-conservative forces.

e Define power and calculate the power involved when work is done.

e Perform calculations using Paverage = FVaverage When an object moves at a constant speed
along a rough horizontal surface or a rough inclined plane.

e Calculate the minimum power required of an electric motor to pump water from a
borehole of a particular depth at a particular rate using Wne = AEx + AEp

Examination Guideline 2021

(This section must be read in conjunction with the CAPS, p.117 — 120)

Work

e Define the work done on an object by a constant force F as FAxcosO , where F is the
magnitude of the force, Ax the magnitude of the displacement and 6 the angle
between the force and the displacement. (Work is done by a force — the use of the
term 'work is done against a force', e.g. work done against friction, must be avoided.)

e Draw a force diagram and free-body diagrams.

e Calculate the net work done on an object.

e Distinguish between positive net work done and negative net work done on the system.
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Conservation of energy with non-conservative forces present

e Define a conservative force as a force for which the work done in moving an object
between two points is independent of the path taken. Examples are gravitational force,
the elastic force in a spring and electrostatic forces (coulombic forces).

e Define a non-conservative force as a force for which the work done in moving an
object between two points depends on the path taken. Examples are frictional force,
air resistance, tension in a chord, etc.

e State the principle of conservation of mechanical energy: The total mechanical energy
(sum of gravitational potential energy and kinetic energy) in an isolated system remains
constant. NOTE: A system is isolated when the net external force (excluding the
gravitational force) acting on the system is zero.

e Solve conservation of energy problems using the equation: Wne = AEx + AEp

e Use the relationship above to show that in the absence of non-conservative forces,
mechanical energy is conserved.

Power

e Define power as the rate at which work is done or energy is expended.

e Insymbols: P :¥

e Calculate the power involved when work is done.

e Perform calculations using Paverage = Fvaverage When an object moves at a constant speed
along a rough horizontal surface or a rough inclined plane.

e Calculate the power output for a pump lifting a mass (e.g. lifting water through a
height at constant speed).

Formulae
Ep=mgh or U=mgh EK=%mv2 or K=-mv?
W = FAx cos Whet = AEx Of Wy = AK

Wy = AE,+ AE, or
AEy = Eys — Eki
W, = AK + AU

w
P = E Paverage = Fvaverage
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PRE-TEST

QUESTION 1 (MULTIPLE-CHOICE)

Four options are provided as possible answers to the following questions. Each question
has only ONE correct answer. Write only the letter (A-D) next to the question number (1.1-
1.5), for example 1.6. D

1.1

1.2

A block with mass m slides down a smooth FRICTIONLESS inclined plane that  (2)
makes an angle of © with the horizontal. The block moves over a distance

of Ax as indicated in the sketch.

The WORK done on the block is:

Whet = AEc + AEp
Whet = WsSinB.AX.cos0°
Whet = WC0OSO.AX.cos 0°

Whet = WC0sO.Ax.cos 180°

Which ONE of the following equations
conservation of mechanical energy?

AEx = AEp
AEk+ AEP=0
Wnc = AEK + AEP

Whne = AEx — AEp

Grade 12 Tutoring Programme: Physical Sciences
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1.3 Anobject (0,5 kg) is pulled with a CONSTANT FORCE ( Fa ) from point A to (2)
point C. AB = BC. AB is a frictionless inclined plane that makes an angle of
30° with the horizontal. A frictional force of 3N acts against the object on
BC.

<>

30

Which one of the following statements regarding the NET WORK done on
the object is true?

A Whet(a) Whet(sc)
B Whetas) > Whet(sc)
C  Whretiag) < Whetpc)

D Wnet(AC) =0

1.4 A box (5kg) is pulled from point A to C with a CONSTANT horizontal force (2)
(F1). The surface between point A and B is frictionless, but a constant
friction acts on the box between point B and C.

2AB = BC
Fs mm———————- . Fy
A B C

The net work done on the box between point A and C is:
A Whet = ( 3F + 2f ) AX
B Whnet=(3F-2f) Ax
C  Whet=(2F + 3f) Ax

D Wnet:(2F—3f)AX
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1.5 A boxslides down a frictionless incline from point A to point B. There are (2)
four equations that can be used to calculate the box's final velocity (vs) at
point B.

Vi

Which one may NOT be used if the examiner clearly states that only WORK-
ENERGY PRINCIPLES may be used?

A Whet = AEk

B Wnec=AEk+ AEr
C  Ema) = Emp)

D vi2=v2+ 20Ax

[10]

LONGER QUESTIONS

QUESTION 2
2.1 State the WORK-ENERGY PRINCIPLE in words. (2)
2.2 Define the term: NON-CONSERVATIVE FORCES (2)

An object with mass 12kg is pulled from rest by a constant force (Fa) from A to C in the
following illustration. The distance AB = BC.

The magnitude of the frictional forces that opposes the motion of the object is 2N on
surface AB and 4N on surface BC. The object moves at 6 m.s' at point B.

Grade 12 Tutoring Programme: Physical Sciences a



You may only use WORK-ENERGY PRINCIPLES to answer this question.
2.3 Calculate the magnitude of the constant applied force (Fa). (6)

[ Tip: Use the formula for non-conservative forces]

2.4 Calculate the nett work done on the horizontal surface (BC). (4)
2.5 Calculate the velocity of the object at point C. (3)
[17]

QUESTION 3
3.1 State the WORK-ENERGY THEOREM in words. (2)
3.2 Define the term: CONSERVATIVE FORCE (2)

A block with a mass of 12 kg accelerates from rest from A to B on a horizontal surface
when a force F (300N) acts on it parallel with the surface.

The block moves under the influence of its own weight alone from B to C down an
inclined plane that makes an angle of 30° with the horizontal. The constant kinetic
friction acting on the block between A and B is 3N and the friction acting on the block
between B and Cis TN.

AB=12m and BC =20 m.

Only use WORK-ENGERY principles to answer this question!

—| 12kg
A
3.3 Calculate the following for the motion on surface AB: C
5.3.1 Net work done (3)
5.3.2 Velocity of the block at point B (4)
3.4 NAME the CONSERVATIVE FORCE acting on the object on BC. (2)

3.5 Calculate the following for the motion on surface BC:

3.5.1 Net work done (3)
3.5.2 Velocity of the block at point C (4)
[20]
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QUESTION 4

A box with mass 5kg slides from rest down on a FRICTIONLESS inclined plane over a
distance of 10m. The angle between the inclined plane and the horizontal is 30°. It hits a
rough horizontal surface at point B with a frictional force of 12N acting against the
motion of the box. The box stops at point C.

Use WORK-ENERGY PRINCIPLES to answer this question.

Skg
IN
| |\ e
C %
Calculate:
4.1 The parallel component (wy) of the weight of the box. (3)
4.2 The velocity of the box at point B. (6)
4.3 The work done by the frictional force on the box between point B and C. (4)
4.4 The distance between point B and C. (5)
[18]
QUESTION 5
5.1 State the WORK-ENERGY THEOREM into words. (2)

A box (5 kg) slides from rest down an inclined plane from point A to point C. On the
inclined plane AB is frictionless and the frictional force acting on the block on BCis 1,2 N.

Only use WORK-ENERGY PRINCIPLES to answer this question.
5 kg

44————————————————————
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5.2 NAME an example of the following forces acting on the box:
5.2.1 Conservative force during part AB. (1)
5.2.2 Non-conservative force during part BC. (1)

5.3 Calculate the box's velocity at:

5.3.1 Point B (4)
5.3.2 Point C (4)
[12]
QUESTION 6
6.1 State the WORK-ENERGY theorem into words. (2)

A ball (mass 2 kg) rolls from rest from point A down a frictionless curve to point B and up
again on an inclined plane where it comes to rest at point C. Assume that BC is a
straight line. The ball experiences a frictional force of 1.2 N as it rolls up the inclined
plane.

C
H
fic=12N D
B
Only use WORK-ENERGY principles to answer this question.
6.2 Which ONE of the levels (AB or BC) is considered a closed system? (2)
Give a reason for your answer.
6.3 Calculate the speed of the ball at point B. (3)
6.4 Calculate the distance (BC) AND the height (h) where the ball comes to  (5)
rest.
[12]
QUESTION 7
7.1 State the WORK-ENERGY theorem into words. (2)

A boy skates from rest with a skateboard from point P to point Q down a frictionless
curve and over a rough horizontal surface to point R.

The boy and the skateboard together weigh 65 kg. The coefficient of kinetic friction ()
between the skateboard and the horizontal surface between Q and R is 0.2
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You may only use ENERGY PRINCIPLES to answer this question.
Calculate
7.2 The speed of the boy at point Q. (4)
7.3 The speed of the boy at point R. (5)
7.4 The change in kinetic energy of the boy between Q and R. (3)
[14]
POST-TEST

QUESTION 8 (MULTIPLE-CHOICE)

Four options are provided as possible answers to the following questions. Each question
has only ONE correct answer. Write only the letter (A-D) next to the question number (8.1-
8.5), for example 8.6. D

8.1 A box slides down a FRICTIONLESS inclined plane. Which ONE of the  (2)
following formulas can NOT be used to calculate the final velocity of the

boxe 2 kg

A fAxcosB = AE«+ AEp
B O = AEk + AEp
C Whet = AEk

D amgAxcosO = AEk
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8.2 An electric motor is used to lift an object (50 kg) vertically to a height of 30 (2)
m. Calculate the power delivered by the motor if the object is eing lifted at

a CONSTANT SPEED of 0.1 m.s™.
ﬂ) +

F x=30m
A P=49W
B P>49W
v
C P<49W
W
D P=0W 50 kg
8.3 Two boxes X and Y have the same mass. Box X is lifted through a vertical (2)

height h by a force of magnitude F. Box Y is pulled up a slope by a force of
the same magnitude to reach the same vertical height, as shown.

o ———r——

—————

X Y

Which combination regarding the change in gravitational potential energy
and work done is correcte

Change in gravitational potential Amount of work done by F
energy of the boxes
A Is less for box Y than for box X Is less for box Y than for box X
B Is more for box Y than for box X Is more for box Y than for box X
C Is the same for box X and box Y Is the same on X and Y
D Is the same for box X and box Y Is more for box Y than for box X
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8.4 The net work done on an object to increase its speed fromrest to v, (2)
is W. What must the net work done on the same object be to increase its
speed from v to 2v?e

A W

B 2W
C 3w
D 4w

8.5 A force F moves an object P from point X to point Y along two different  (2)
paths, 1 and 2, as shown below. The work done by F in moving the object is
the same for both paths.

e
N
~
Q

D T

Which one of the following can be used to describe force F2 Y

A Normal force
B  Gravitational force
C Friction

D Tension
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SESSION 3: THE DOPPLER EFFECT

1.1 EXAMINATION GUIDELINES

The following points are summarized from the Exam Guidelines and ATP. This section must
be read in conjunction with the CAPS, p. 134-135.

Prior knowledge:

e Properties of waves as summarized in grade 10 (frequency, period, wavelength,
amplitude & wave speed)

e Properties of sound waves (pitch & loudness of sounds)
e Diffraction of waves as summarized in grade 11 (wave fronts & Huygens' Principle)

With sound and ultrasound

e Write down the Doppler effect as the change in frequency (or pitch) of the sound
perceived by a listener because the sound source and the listener have different
speeds relative to the medium in which the sound is propagated.

e Explain the change in pitch observed when a source moves toward or away from a
listener.

e Solve problems using the equation f, = 23 ZL f, when EITHER the listener OR the
b

vt
source moves.

e Name applications of the Doppler effect.

With sound and ultrasound

e Explain redshifts and blueshifts.

e Use the Doppler effect to explain applications such as the use of ultrasound waves
in medicine.

1.2 Prior knowledge (GRADE 10)
PROPERTIES OF WAVES:

1) Amplitude is the maximum distance of the wave from ifs resting position and is measured in
meters (m).

2) Wavelength (A, the Greek letter lambda)l is the distance between two consecutive points
that are in phase and is measured in meters (m).

3) Frequency (f) The number of wave pulses per second and is measured in hertz (Hz).

4) Period (T) The time it fakes for one complete wave pulse and is measured in seconds.

5) The relationship between frequency and period, f = % and T = % fo solve problem:s.
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6) Wave speed (v) is the distance a point on the wave moves per unit fime. Use the wave
equation v = fA to solve problems involving waves.

PROPERTIES OF SOUND WAVES:

Sound waves are longitudinal waves that result from the vibration of an object. The vibration is
parallel o the direction of propagation and causes compressions and dilutions. The speed of sound
increases with an increase in temperature. At 0 °C the speed of sound in airis 331 m-s1; at 20 °C the
speed increases to 343 m-s.

Pitch- The pitch refers to how low or how high the note of a sound is. The pitch of a note depends
on its frequency.

High frequency Low frequency

"\ 7T\ 4

\L LA S

High Pitch Low Pitch
1

Loudness of sounds- The loudness of sounds is related to the intensity of the wave, which is a
measure of the amount of energy carried by a wave. The loudness of sounds
depends on the size of the wave/pulse's amplitude.

WHAT ARE WAVEFRONTS
displacement Wavefronts=> are imaginary
C"m\‘ 1111 lines that we draw between
V1R adjacent points in phase,
P meaning all the particles in a
' tough wave that have the same
] - motion at the same time.
i Wavefronts are used to show
[ Otruar wavelrots r::;"y] i A o the movement of a wave.
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1.3 THE DOPPLER EFFECT

State the Doppler effect as the change in frequency (or pitch) of the sound detected by a
listener, because the sound source and the listener have different velocities relative to the
medium of sound propagation.

The Doppler effect equation:

<
I+
<
h

<
I+
oS

f. — frequency of the listener (Hz)

fs — frequency of the source (Hz)

v —speed of sound in the MEDIUM eq. air/water (m-s1)
VL — speed of the listener (m-=s1)

Vs, speed of the source (m-s)

SOURCE AND LISTENER ARE STATIONARY

Observation of frequencies: When both the source and listener are stationary.

Wavelength Bl Wavelength

Frequency of the Source = Frequency of the Listener

fs=fu
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Die waarnemer
neem MINDER

Die waarnemer
neem MEER
GOLFFRONTE per
tydseenheid waar.

GOLFFRONTE per
tydseenheid waar.
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Listener is stationary, and the source is moving AWAY from the listener:

-----

Wavelength

Frequency of the Listener < Frequency of the Source

fu< fs
TWO POSSIBLE EQUATIONS TO USE:

REMEMBER TO COPY THE DOPPLER EQUATION FROM YOUR DATA SHEET FIRST!

Source moves TOWARDS the listener | Source moves AWAY from the listener

vty =V-v

fL:U—‘DsfS fL 17"'175 fS
OR USE THE LAST METHOD:
Listener
+ - < = NUMERATOR SIGNS
Towards Away
- + : - DENOMINATOR SIGNS
Source
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EXERCISES:

1.4.1) A conductor stands on a platform at a train station. A train passes and moves away
from the conductor at 22 m-s'. The train driver blows the horn, which has a frequency
of 250 Hz. What frequency does the conductor heare Take the speed of sound in air
as 340 m-s. (4)

1.4.2) A man sails his yacht at 35 km-h-' on a dam, passing a stationary boat. On the boat
is a child playing a harmonica, which emits a note with a frequency of 150 Hz. As
the man on the yacht sails away from the stationary boat, he notices that the
sound of the harmonica changes.

(a)Calculate the frequency of the note he hears as he moves closer to the
stationary boat. Assume the speed of sound in air to be 340 m-s. (4)

(b) Is the note he heard as he sailed away higher or lower than the note, he
heard as he sailed closer to the stationary boate (1)

1.4.3) Anice cream fruck emits a signal at a frequency of 225.78 Hz as it approaches a
group of stationary children who want to buy ice cream. The children hear the sound
at a frequency of 240.5 Hz. Take the speed of sound as 340 m-s' and determine the
speed of the ice cream fruck. (4)
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1.4.4) A flying bat emits beeping sounds at a frequency of 80 MHz. If a stationary observer
hears the frequency of the beeps at 78 MHz,

(a) is the bat moving towards or away from the observer? (1)

(b) what is the velocity of the bat if the speed of sound in airis 340 ms'. (4)

1.5 APPLICATIONS OF THE DOPPLER EFFECT
Ultrasound is sound waves with a frequency above human hearing (greater than
20kHz). High frequency means short wavelengths. Therefore, it can be reflected and
refracted by very small objects. A high wavelength will easily travel over such small

objects.

1.5.1) The Doppler flowmeter Medical scientists use this

Transmitter  Receiver

device to measure the speed of blood cells using - _.._|,_../
=) -
S P
ultrasound waves. S y——

» The doppler flowmeter consists of a tfransmitter and a g
scope that is placed directly on the skin. Red biood cell
= The transmitter emits sound waves which then bounce back off a moving red

blood cell. The frequency of the reflected wave is measured and compared

with the frequency of the emitted wave.

= The doppler flowmeter can therefore determine the speed of the blood cell
because of the Doppler effect, blood flowing in the direction of the meter will
increase the frequency of the sound wave while blood flowing away from the

meter will decrease the frequency.

=  Medical Uses: To detect heart attacks/ strokes in patients.
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1.5.2) The Doppler radar

The Doppler radar is used in weather

stations to determine precipitation's speed and direction.

1.5.3) The Doppler effect and light

Visible light
Orange Green Violet
Infrared Red Yellow Blue Ultraviolet
B TS |
800 700 600 500 400 300 A(nm)

In the spectrum of light:
= the red side corresponds to smaller frequencies and longer wavelengths.

» the blue side corresponds to higher frequencies and smaller wavelengths.

The movement of a light source changes the frequencies and then the Doppler

effect takes place.

—

Galaxy receding Galaxy approaching

X

Light waves ‘stretched’ — Red Shift Light waves ‘squashed’ — Blue Shift

= If a star moves towards the earth 0 the frequency of light increases. The

phenomenon is called the blue shift.

= If astar moves away from Earth 0 decrease the frequency of light. The

phenomenon is called the redshift.

= Certain galaxies do move in our direction, but more slowly as the distance

between us and them increases.
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THE EXPANDING UNIVERSE

Edwin Hubble found that MOST stars/galaxies
exhibit a red shift and are moving away from the

earth and from each other.
This is evidence that the universe is expanding. ll . 1
Scientists have used this information to develop a U

theory about the origin of the universe, referred NSHIFTED

to as the BIG BANG theory. I ]
This theory states that all matter and energy in the -I .I
universe was once confined to a very dense -
point. This exploded - sending matter energy —is

REDSHIFTED

expanding outwards. This outwards movement =
still goes on today... III . I !

..............

BLUESHIFTED

Red Shift is most common in the universe,
indicating the universe is expanding.
Discovered by Hubble.

Western Cape
Government

.....

1.6 Exercises on the Application of the Doppler effect
1.6.1) A light from a distant galaxy is observed from Earth and shows that it undergoes a
blue shift. So this proves that this galaxy is...

(A) moving away from Earth

(B) revolving around the Milky Way.

(C)moving towards the Earth.

(D)revolving around the Sun. (2)

1.6.2) The diagram below shows the spectral lines of an element.

VIOLET Red

Which ONE of the diagrams below represents the spectral line of the element as

the light observed from a star moves away from the Earth.

VIOLET i RED VIOLET RED
A) o)

VIOLET RED VIOLET RED
: & 1|

(2)
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1.6.3) Consider the diagram below and answer the questions that follow:

] T
<

(i) Which side (A or B) of the diagram shows a star moving towards Earth?
(i) Which side (A or B) of the diagram shows a star moving away from Earth?

(i) Redshift is represented by which side¢ Give a reason for your answer.

1.6.4) Study the sketch below and answer the questions that follow:

Blue

Nearby Star

Andromeda Galaxy

Bernard’s Galaxy

Bear Galaxy

Venus

(i) Which galaxy or planet is moving at the same speed as the nearby star?
(i) Which galaxy or planet is moving away from the nearby stare
(iii) Is the Andromeda galaxy undergoing a red or blue shifte

(iv) Name the galaxy or planet that moves the slowest away from the
nearby stare
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QUESTIONS:

Four options are provided as possible answers to the following questions. Each
question has only ONE correct answer. Choose the answer and write only the letter
(A-D) next to the question number (1.1-1.2).

1.1 The siren of a fire fruck has a frequency of 400 Hz. The fire truck moves
from left to right past a stationary observer at a speed of 20 m.s!. Let
the speed of sound in air be 340 m.s-1.
What will the difference in observable frequency (AfL) be , rounded
to the nearest whole number, as the fire tfruck passes hime (2)

1.2 A vehicle's horn is pressed while traveling at a CONSTANT SPEED
moving from left to right on a straight horizontal path as indicated in
the diagram below. A stationary listener ( L ) observes the change in
frequency. (2)

ol

Which one of the graphs below shows the apparent change in
frequency?
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A f (Hz) B f (Hz)
X | ; Y
Y X
At At
C f (Hz) D f (Hz)
X / Y
Y X
AN | FAN |
QUESTION 2
2.1  Define the term: DOPPLER EFFECT (2)

A motorcycle drives from left to right past two stationary observers. The two
observers hear a sound of 120 Hz and 130 Hz made by the motorcycle's engine.
Let the speed of sound in air be 340 m.s'.

I

A

2.2  Which one of the observers (A or B) hears the frequency 130 Hz?2 (2)
Give areason for your answer.

2.3 Calculate the constant velocity of the motorcycle. (5)
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2.4 Write your answer in question 6.3 in km.h-1 (2)

2.5 Calculate the frequency of the motorbike's engine (fs). (2)

QUESTION 3

Two cyclists are driving along a straight road past a stationary truck that is blowing its
horn, with a frequency of 250 Hz, for the cyclists. Cyclist A moves AWAY from the
fruck and cyclist B moves TOWARDS the fruck.

Let the speed of sound in air be 340 m.s'.
fs = 250 Hz

I

va=17m.s!

)

fue) = 268 Hz

3. Calculate:
3.1 The frequency that cyclist A observes when riding at 17 m.s-1. (4)
3.2 The speed of cyclist B if he observes a frequency of 268 Hz. (4)

The following graph illustrates all the frequencies and speeds used in this question.

—

E===t 24
=

-18 -13 -8 -3 2 7 12 17 22

3.3 Label the following axes:
3.3.1 Vertical axis
3.3.2 Horizontal axis

Use the data on the graph to answer the following questions without showing any
calculations. Round your answers to the nearest whole number.
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3.4  What will the observable frequency be if:

3.4.1 A cyclist rides TOWARDS the truck at 7 m.s-12 (2)
3.4.2 A cyclistisriding at 7 m.sT AWAY from the trucke (2)
QUESTION 4

During an air show, an airplane flies from left to right (A to B) past a crowd of people
at a constant speed. The crowd observes two frequencies during the flyby, 351 Hz
and 277 Hz.

Let the speed of sound in air be 340 m.s'.

»
»

4. Calculate:

4.1 The speed of the plane. (6)
4.2 The frequency of the engine of the aircraft. (2)
QUESTION 5

A police car moving at a constant velocity with its siren on, passes a stationary listener.
The graph below shows the changes in the frequency of the sound of the siren detected
by the listener.

Frequency (Hz)

0 L

time (s)
5.1 State the Doppler Effect in words. (2)
5.2 Write down the frequency of the sound detected by the listener as the police car:
5.2.1 Approaches the listener (1)
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5.2.2 Moves away from the listener (1)
5.3 Calculate the speed of the police car. Take the speed of sound in air to be 340 m-s
(6)

QUESTION 6

The alarm of a vehicle parked next to a straight horizontal road goes off, emitting sound
with a wavelength of 0,34 m. A patrol car is moving at a constant speed on the same
road. The driver of the patrol car hears a sound with a frequency of 50 Hz lower than the
sound emitted by the alarm. Take the speed of sound in air as 340 m-s-'.

6.1 Is the patrol car driving TOWARDS or AWAY FROM the parked vehicle?

Give areason for the answer. (2)
6.2 Calculate the frequency of the sound emitted by the alarm. (3)
6.3 The patrol car moves a distance of x metres in 10 seconds. Calculate the
distance x. (6)
QUESTION 7

The siren of a police car, which is travelling at a constant speed along a
straight horizontal road, emits sound waves of constant frequency. Detector P
is placed inside the police car and detector Q is placed next to the road at a
certain distance away from the car. The two detectors record the changes in
the air pressure readings caused by the sound waves emitted by the siren as

a function of time. Take the speed of sound in air as 340 m-s'.

The graphs shown below were obtained from the recorded results.

GRAPH A: AIR PRESSURE VS TIME RECORDED BY DETECTOR P IN THE CAR

8.5\/?' 25,5 time (x107 5)

GRAFH B: AIR PRESSURE VS TIME RECORDED BY DETECTOR Q NEXT TO THE ROAD

A

9 18 21 fime x10%s)

air pressure

air pressure

7.1 Different patterns are shown above for the same sound wave emitted by

the siren. What phenomenon is illustrated by the two detectors showing the
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different patternse (1)

The police caris moving AWAY from detector Q.

7.2 Use the graphs and give a reason why it can be confirmed that the police

car is moving away from detector Q. (1)

7.3 Calculate the frequency of the sound waves recorded by detector P. (3)

7.4 Use the information in the graphs to calculate the speed of the police car.
(6)

MORE MULTIPLE CHOICE QUESTIONS

Four options are provided as possible answers to the following questions. Each
question has only ONE correct answer. Choose the answer and write only the letter
(A-D) next to the question number (1.1-1.4)

1.1 A sound source moves away from a stationary observer. How do the perceived

wavelength (A, frequency (fl) and pitch change? (2)
Wavelength (&) Frequency (f.) Pitch
A INCREASE DECREASE DECREASE
B INCREASE INCREASE DECREASE
C DECREASE INCREASE INCREASE
D DECREASE DECREASE INCREASE
1.2 A girlmoves AWAY from a stationary ambulance at a speed of (2)

20 m.s!. She observes a frequency of 960 Hz. Take the speed of sound
in air as 340 m.s"-

The girl now stops and the ambulance moves AWAY from her at the
same constant speed of 20 m.s'.

What will the frequency that the girl now observes (rounded to the
nearest whole number) be?

A 963 Hz
B 957Hz
C 960Hz
D 970Hz
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1.3 Four cyclists faking part in a bicycle race were riding past a factory (2)
when the siren of the factory went off and released a sound wave with
a frequency of 1000 Hz. The cyclists observe different frequencies.
Let the speed of sound in air be 340 m.s!.
Which cyclist rides the fasteste

A 1150 Hz
B 1100 Hz
C 900Hz
D 840Hz

1.4 The wavelengths of light emitted by a distant star appear shorter when
observed from Earth. From this we can conclude that the staris ... (2)

A moving towards Earth and the light is blue shifted.
B moving towards Earth and the light is red shifted.
C moving away from Earth and the light is red shifted.

D moving away from Earth and the light is blue shifted.

THE END
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