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INSTRUCTIONS AND INFORMATION
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10.
11.

12.
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Write your centre number and examination number in the appropriate spaces
on the ANSWER BOOK.

This question paper consists of SEVEN questions. Answer ALL the questions
in the ANSWER BOOK.

Start EACH question on a NEW page in the ANSWER BOOK.

Number the answers correctly according to the numbering system used in this
question paper.

Leave ONE line between two sub-questions, for example between
QUESTION 2.1 and QUESTION 2.2.

You may use a non-programmable calculator.

You may use appropriate mathematical instruments.

You are advised to use the attached DATA SHEETS.

Show ALL formulae and substitutions in ALL calculations.

Round off your final numerical answers to a minimum of TWO decimal places.
Give brief motivations, discussions et cetera where required.

Write neatly and legibly.
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QUESTION 1: MULTIPLE-CHOICE QUESTIONS
Various options are provided as possible answers to the following questions. Choose

the answer and write only the letter (A-D) next to the question number (1.1-1.6) in the
ANSWER BOOK, for example 1.11 D.
1.1 A car of mass 1000 kg pulls a trailer of mass 500 kg as shown.

According to Newton’s third law of motion, which ONE of the following statements
is TRUE?

A The car and trailer pull each other with a force that is equal in magnitude

but opposite in direction. Therefore, the net force is zero and the trailer
cannot move.

B The force that the car exerts on the trailer is greater than the force that the
trailer exerts on the car. Therefore, the trailer moves forward.

C The action force from the car is quicker than the reaction force from the
trailer, so they move forward.

D The action-reaction forces are equal in magnitude, but the force between
the ground and wheels pushes them forward. (2)

1.2  When the momentum of an object of constant mass is doubled, then its kinetic
energy will be ...

A halved.
B doubled.
————————— C - -threetimesgreater- - - - - - - - — - - — - - — — - — .
D four times greater. (2)

1.3 Two objects are released from the same height at the same time. One object has
TWICE the weight of the other. Neglecting friction, which ONE of the following
statements is CORRECT for the motion?

A The heavier object hits the ground first

B The lighter object hits the ground first.

C Both objects hit the ground at the same time

D On hitting the ground, the heavier object has a greater velocity than the

lighter object (2)
Copyright reserved Please turn over
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1.4 Which ONE of the following compounds is a KETONE?
A CH3;COCH.CHjs
B  CH3;COOCH,CHj3
C  CH3CHCH.CHO
D  CH3;CH(OH)CH,CHs (2)

1.5 P and Q represent two organic compounds in the reactions below:

REACTION . ethene _B', P

NaOH(aq)
heat

REACTIONII: P » Q

Which ONE of the following represents compound Q?

A CHxCH;

B  CHsCHj

C CH3CH;OH

D  CHsCH.Br (2)
1.6 CnH2,0; is the general formula for both . . .

A  Aketone and an aldehyde.
B  An ester and an aldehyde.

C A ketone and a carboxylic acid.

D  An ester and a carboxylic acid. (2)
[12]
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QUESTION 2

2.1 A box of mass of 50 kg, placed on a ROUGH horizontal surface, is pulled by a
force of 120 N that acts at an angle of 60° to the horizontal. The box moves at a
CONSTANT VELOCITY along the surface.

2.1.1 State Newton's First Law of Motion in words. (2)

2.1.2 Draw a free-body diagram of ALL the forces acting on the box while it
moves. 4)

2.1.3 The box is travelling at constant velocity. What can be deduced about the
forces acting on the box? (1)

2.1.4 Calculate the normal force acting on the box. (3)

2.1.5 The angle of the applied force is now decreased. How will this affect the
magnitude of the normal force?
Choose from INCREASES, DECREASES or REMAINS THE SAME
EXPLAIN the answer. (3)

2.2 The Sun and the Earth exert a gravitational force on each other.

Sun

2.2.1 State Newton's law of Universal Gravitation in words. (2)

2.2.2 The mass of the Sun is 332 600 times greater than that of the Earth. The

9

distance between the centres of the Sun and the Earth is 1,496 x 10 m.

Calculate the gravitational force that the Sun exerts on the Earth. 4)
[19]
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QUESTION 3

A goods train is being assembled in a yard. Car 2, of mass of 92 x 10° kg and moving
with a velocity of 1.3 mes™ to the right collides with Car 1 of mass 65 x 10° kg that is
moving to the right with a velocity of 0.80 mes™. The two cars are joined together after
the collision. Ignore the effects of friction.

1.3 mes™ 0,8 mes™’
ﬂ —

Before collision : After collision

3.1  State the principle of conservation of momentum in words
3.2 Calculate the magnitude of the velocity of the cars after the collision.
3.3 Determine, by means of appropriate calculations, whether the collision between the

two cars is elastic or inelastic.

QUESTION 4

A hot air balloon is rising vertically at a constant velocity of 15 mes™. When the

balloon is at some unknown height above the ground, a stone is released from the
balloon. The stone is observed to hit the ground with a velocity of 45 mes™.

4.1 Define free fall

4.2 Write down the magnitude and direction of the initial velocity of the stone when it is

released

Copyright reserved Please turn over
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4.3 Determine how high above the ground the hot air balloon was when the stone was
released from it. (3)

4.4  Determine how long the stone took to hit the ground after being released. (3)

4.5 Sketch the position-time graph for the entire motion of the stone from the moment it
/ was released from the hot air balloon to the moment it hits the ground. Use the
ground as a zero reference point.

Indicate the following on your graph:
¢ Height when the stone is released.

¢ Time taken to hit the ground. 4)
[14]

Copyright reserved Please turn over



8

Physical Sciences NSC-Grade12 April 2021 Common Test

QUESTION 5 (Start on a new page.)

The letters A to G in the table below represent organic compounds.

A H
|
H — C — H
I|-| H Il-i H
| |
H — C —_ C C c —— C — H
| | | |
H H H H
H — ? — H
H — C — H
|
H
B (") H Il-l H
| |
CH3——CH2—O——C—?——?—CI)—H
H H H
’ LT T
H - ¢ — C —— C — H
| |
H H
H — C — H
|
H
D | C4HsO E | CH3CH(CH3)CH(CH3)CH,CCCH3 | F | CH3(CH2)sCHOH
Use the above table to answer the following questions:
5.1 Write down the:
5.1.1 IUPAC name of compound A. (2)
5.1.2 IUPAC name of compound C. (2)
5.1.3 Name of the homologous series to which compound B belongs. (1)

Copyright reserved Please turn over
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5.2 Compound E is a hydrocarbon.
2.2.1 Define the term hydrocarbon.

9.2.2 Is compound E a saturated or unsaturated compound? Give a reason for
the answer.

9.23 Write down the general formula of the homologous series to which
compound E belongs.

5.3  Write down the IUPAC name of a POSITIONAL ISOMER of compound F.
5.4 D is the molecular formula of TWO functional isomers.
5.4.1 Define the term functional isomer.

5.4.2 Draw the STRUCTURAL FORMULA of ONE of the FUNCTIONAL
isomers of D.

5.4.3  Write down the IUPAC name of the OTHER FUNCTIONAL isomer of D.
(Hint: This is NOT the same compound as mentioned in Question 5.4.2)

(2

(1

(2

(2,
[1€
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QUESTION 6 (Start on a new page.)

The boiling points of TWO organic compounds, A and B, were determined.

FORMULA MOLECULAR MASS (g.mol™)
A CH3(CH;),COOH 88,1
CH3(CH2)3CH20H 88,1
6.1 State the definition of boiling point. (2)

The following boiling points were obtained:

137 °C 163 °C
6.2  Write down the boiling point that is most likely to be that of compound A. (2)
6.3  Explain FULLY how you arrived at the answer. (4)
6.4 Write down the IUPAC name of the compound with the LOWER vapour pressure. (2)

6.5 The boiling point of another compound, CH3(CH2).CH,OH was also determined.
How will the boiling point of this compound compare to that of compound B?
Choose from GREATER THAN, LESS THAN or EQUAL TO.
Explain the answer. (3)
[13]
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QUESTION 7 (Start on a new page.)

The flow diagram shows how COMPOUND X can be used to prepare other organic
compounds. The letters A, B, C and D represent different organic reactions.

Compound X is a HALOALKANE.

CH3;COOCH,CH,CH34
COMPOUND X 1
A
C B
\
CH3CHOHCH3 D PRIMARY ALCOHOL
(maijor product) ALKENE

Use the information in the flow diagram to answer the following questions:

7.1 Write down the type of:
7.1.1  Substitution reaction represented by A. (1)
7.1.2  Elimination reaction represented by C. (1)

7.2 Write down the type of reaction represented by:

1.2 "B (1)

128"VD. (1)
7.3  Consider REACTION C. Write down

7.3.1  TWO reaction conditions for this reaction. (2)

7.3.2 IUPAC name of the alkene formed. (1)
7.4 Write down the name or formula of the inorganic reactant for REACTION A. (1)
7.5 Reaction B involves the reaction of an organic compound with a PRIMARY

ALCOHOL.

7.5.1  Define the term primary alcohol. (2)

7.5.2  Write down the name or formula of the catalyst used in REACTION B. (1)

7.5.3  Write down the structural formula of the ORGANIC COMPOUND that

reacts with the primary alcohol in REACTION B. (2)
[13]

TOTAL MARKS: [100]
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DATA FOR PHYSICAL SCIENCES GRADE 12
PAPER 1 (PHYSICS)
GEGEWENS VIR FISIESE WETENSKAPPE GRAAD 12
VRAESTEL 1 (FISIKA)
TABLE 1: PHYSICAL CONSTANTS / TABEL 1: FISIESE KONSTANTES

NAME / NAAM SYMBOL / SIMBOOL VALUE / WAARDE
A L :
el asltoe) i o
Rl :
e :
Ml k
Charge on electron o 16x10"°C
Lading op electron '
Elabtinnases me s
A'\g:::; t/aE,? r/ﬁt\l?arde o 5,98 x 10™ kg
Rilia v Aards Re S8 0

TABLE 2: FORMULAE / TABEL 2: FORMULES
MOTION / BEWEGING

Vi =V; +aAt Ax = v, +1aAt? or/of Ay = v At +1aAt?

: V, 4V Vi tV
sz =Vi2 +28AXor/ofo2 =Vi- +2aAy FAV ¢ =( 3 f)At Or/OfAy =( 3 fjAt

FORCE / KRAG
Fq =ma p=mv
fs(max) = HsN fi = uN
FnetAt =Ap w=mg
Ap =mv, —my,
F= Gm1m2 A G_m
S T2
WORK, ENERGY AND POWER / ARBEID, ENERGIE EN DRYWING
W =FAxcosf U= mgh or/ofE, = mgh
1 1 Wnet — AK Or/Of Wne[ = AEk
K=—mv? or/lof E, = —mv?
- 2 AK = Kf = Ki or/of AEk = Ekf - Eki
Wio = AK + AU orlof Wi = AEy + AE, | P=~
Pav = I:'Vav / Pgem - F'Vgem
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QUESTION 1
1.1 Dvv (2)
1.2 Dvv (2)
1.3 Cvv (2)
14 AvY (2)
1.5 Cvv (2)
16 DvVv (2)
[12]
QUESTION 2
2.1.1 A body will remain in its state of rest or motion at constant velocity unless a non-
zero resultant/net force acts on it. v'v/ (2)
21.2
Nv
FA‘/ N FAy
< #FAX
Wv W
_ CRITERIA FOR MARKING Acceptable Labels
» Mark is awarded for label and arrow.
« Do not penalise for length of arrows. N | Normal/Fn/Fnormal
» Deduct 1 mark for any additional force. f | Friction/F/fxinetic
« If force(s) do not make contact with body/dot Fa | F/120 N/Fappiied
: Max:3/4 —“W——FgfFgravity/Gravitationatforce/496-N——
« If arrows missing but labels are there:
Max:3/4
(4)
2.1.3 Sum of all farces acting on the box is zero/ No net force acting on the boxv’ (1)
214 Free=ma
Fret=0 v
N+ Fay=W
N=+120Sm60°=50(9,8) v
N = 386,08 Nv’
3)
2.1.5 INCREASESV, If the angle of the applied force decreases, the vertical
component of the applied force will also decreasev’. This will affect the normal
force since the sum of the normal force and vertical component of the applied
force must be equal to the weight of the objectv'. (3)

Copyright Reserved Please Turn Over
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2.2.1 Each body in the universe attracts every other body with a force that is directly
proportional to the product of their masses and inversely proportional to the
square of the distance between their centres. v'v/ (2)

OR
Each particle in the universe attracts every other particle with a force that is
directly proportional to the product of their masses and inversely proportional to
the square of the distance between them. v'v'

222 p_ oMMy,

r2

F =667 x 10711 (5,98x1024)(332600)(5,98x10%%) L

(1,496x109) 2v/
F = 3,55 x 1026 Nv/ (4)
[19]

QUESTION 3
3.1 The total linear momentum of a closed system remains constant (is

conserved)v' v’

OR

The total linear momentum before collision is equal to the total linear momentum

after the collision.v'v’ (2)
3.2 2pr =2pi } v

(M1 + M2)v = mqvir + maviz

(92 x 102 + 65 x 103)v v'=65 x 102 (0,8) + 92 x 103 (1,3)v

v=1,09 mesv

- the velocity of the cars is 1,09 mes @)

POSITIVE MARKING FROM Q. 3.2
3.3 [2Ki= "% (mi + mv& 2Ki =72 my v, + 72m; Vit

=% (65 x 10% + 92 x 10%) 1,09 v/ =Y (65 x 10%)(0,8)? + ¥2(92 x 103%)(1,3)2v
= 93265,85 J =98540 J
2Ki# ZKi\/
~Collision is Inelastic v/ (5)
[11]
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Motion upon which the only force acting is the force of gravity. v'v/

QUESTION 4

4.1

4.2 15 mes™ vupwardsv’
4.3

StoneTrajectory

OPTION 1:From Ato D

UPWARDS POSITIVE
Ve = vi2 + 2alyv’

-452 = 152 + 2(-9,8)Ayv
Ay =-91,84 m

-~ Height above the ground when the
stone is released is 91,84 mv’

UPWARDS NEGATIVE
Ve = vi2 + 2alyv’
452 = -152 + 2(9,8)Ayv

Ay =91,84 m
-~ Height above the ground when the
stone is released is 91,84 mv’

OPTION 2:From Ato D

UPWARDS POSITIVE
vi = Vi + at

-45 =15 +(-9,8) At
At=6,12s

Ay= Vit + VsaAt?v

Ay = (15)(6,12) + ¥5(-9,8)(6,12)?v

Ay =-91,73 m

-~ Height above the ground when the
stone is released is 91,73 mv’

UPWARDS NEGATIVE
vi = Vi + at

45 =-15 +(9,8) At
At=6,12s

Ay= Vit + VsaAt2v’
Ay = (-15)(6.12) + ¥5(9,8)(6.12)>v
Ay =91,73m

-~ Height above the ground when the
stone is released is 91,73 mv’

OPTION 3:From AtoD

UPWARDS POSITIVE
vi = Vi + at

-45 =15 +(-9,8) At
At=6,12s

2

By = {(1549) 6,12}

Ay =-91,80 m
-~ Height above the ground when the
stone is released is 91,80 mv

UPWARDS NEGATIVE
vi = Vi + at

45 =-15 +(9,8) At
At=6,12s

Ay = (AL
2

By = {(15459) 6,12}

Ay =-91,80 m
-~ Height above the ground when the
stone is released is 91,80 mv’

Copyright Reserved
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OPTION 3:From Cto D
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UPWARDS POSITIVE
vi = vj + alt

-45 =-15 +(-9,8) At
At=3,06s

Ay = AL

+(3-45

Ay = (s
Ay =-91,80 m

)3,06}v

-~ Height above the ground when the

stone is released\is 91,80 mv

Ay= Vit + VsaAt?
Ay = (-15)(3,06) + ¥(-9,8)(3,06)*v
Ay =-91,78 m

- Height above the ground when the

stone is released is 91,78 mv’

UPWARDS NEGATIVE
vi = vj + alt

45 =15 +(9,8) At
At=3,06s

'Ui+17

Ay =,

Ay = {(15£¢5)) 3,06}

Ay =91,80 m
-~ Height above the ground when
stone is released s 91,80 mv’

Ay= Vit + YsaAt?v
Ay = (15)(3,06) + ¥4(9,8)(3,06)?v
Ay =91,78 m

stone is released is 91,78 mv’

-~ Height above the ground when the

the

4.4

OPTION 1:From Ato D

UPWARDS POSITIVE
Vi = Vi + aAtv’

-45 =15 +(-9,8) AtV
At=6,12sv

UPWARDS NEGATIVE
Vi = Vi + aAtv’

45 = -15 +(9.,8) Atv’
At=6,12sv

OPTION 2:From A to B and thenC -D

—

UPWARDS POSITIVE
Tve = vi + at

0 =15 +(-9,8) At

At=1,53s

Tve= v + alt

-45 = -15 +(-9,8) At
At=3,06s

At =2(1,53) + 3,06v
At=612 s

UPWARDS NEGATIVE
vi = v; + alt
0=-15+(9,8) At

At=1,53s

vi = vi + alt
45 =15 +(9,8) At
At=3,06s

At =2(1,53) + 3,06V
At=612 s

OPTION 3:POSITIVE MARKING FROM 7.2

romAtoD

UPWARDS POSITIVE
Ay= Vit + VsaAt2v
-91,73 = (15At+ %(-9.8At°V

At=6,12sv

UPWARDS NEGATIVE
Ay= Vit + VsaAt2v

91,73 = (-15At+ ¥2(9,8At>v
At=6,12sv

©)
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4.5 POSITIVE MARKING FROM 7.2 AND 7.3

A
e 91,80
=
S
2
(@)
[a
612  Timels
v
0 OR
T
S |
S » Timels
= /12
o
o
-91.80)
v

NOTE: LEARNERS MAY CHOOSE HEIGHT WHEN THE BALL IS RELEASED AS THE
REFERENCE POINT

Criteria for marking

Correct shape

Indication of height (9,73 -9,84 m)
Indication of the correct end time

Correct choice of the zero point of reference

AN

(4)
[14]
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QUESTION 5
5.1.1 2.4-dimethylv'hexanev’ (2)
5.1.2 1-chlorov’-2-methylpropanev’ (2)
5.1.3 Esters v (1)
5.2.1 Compound that consists of carbon and hydrogen only. v'v/ (2)

5.2.2 Unsaturatedv’. Contains a multiple bond/triple bond between carbon atoms in the
carbon chain. v (2)
523 CnH2n-2‘/

5.3  pentan-2-olv'v' OR pentan-3-olv'v’ 2
5.4.1 Compounds with same molecular formula but different functional groups. v'v/ (2)
54.2
H H H O v
| | |
H — C — C — C
| | |
H H H
OR
H H O v
| |
H — C — C
|
H
H — C — H
|
H
H
|
H — C — — HV
|
H
e Whole structure correct: 2/2
e Only functional group correct 1/2
e More than one functional group 0/2
(2)
5.4.3 POSITIVE MARKING FROM Q5.4.2
butan-2-onev'v" OR butanalv'v' OR 2 - Methylpropanal (2)
[18]

Copyright Reserved Please Turn Over



Physical Sciences 8 April 2021 Common Test

NSC-Guideline
QUESTION 6
6.1  The temperature at which the vapour pressure of a substance equals the
atmospheric pressure. v'v/ (2)
6.2 163 °CvV (2)
6.3 Vv
The acid (A) has TWO sites for hydrogen bondingv” while the alcohol (B) has only
one site. v/
The carboxylic acid molecules require more energy to overcome the intermolecular
forcesv’
Carboxylic acid will have a higher boiling point. v/ (4)
6.4  Butanoic acid. v'v/ (2)
6.5 LOWERY.
CH3(CH2)2CH20H or butan-1-ol has a shorter carbon chain/smaller
surface area than compound Bv'. Strength of the intermolecular forces in
CHz3(CH2)2CH20H or butan-1-ol is weaker than that in compound B. v/
Therefore lesser energy needed to separate the molecules. v OR
Compound B has a longer carbon chain/ larger surface area than CH3(CH2).CH>OH
or butan-1-ol v"'The intermolecular forces between molecules of compound B
are therefore strongerv'and require more energy to separate the molecules. v/ (3)
[13]
QUESTION 7
7.1.1 Hydrolysisv’ (1)
7.1.2 Dehydrohalogenationv’ (1)
7.2.1 Esterificationv’ (1)
7.2.2 Addition/hydrationv’ (1)
7.3.1 Heatv
Concentrated strong base in ethanolv’ (2)
7.3.2 Propene/Prop-1-enev’ (1
7.4  Water/H.Ov (1)
7.5.1 The carbon to which the hydroxyl (OH) group is bonded to, is bonded to ONE other
carbon atom.v'v’ (2)
7.5.2 sulphuric acid/H2SO4v (1)
7.5.3
H O
| |
H —-— C — C — O — H
|
H
e Whole structure correct: 2/2
¢  Only functional group correct 1/2
e More than one functional group 0/2 [1(2
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