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NATIONAL CERTIFICATE
ENGINEERING SCIENCE N3
TIME: 3 HOURS

MARKS: 100
INSTRUCTIONS AND INFORMATION
1. Answer ALL the questions.
2. Read ALL the questions carefully.
3. Number the answers according to the numbering system used in this question
paper.
4. ALL calculations should consist of at least the following THREE steps:

4.1 The formula used or manipulation thereof
4.2 Substitution of the given data in the formula
4.3 The answer with the correct Sl unit

5. Drawing instruments must be used for ALL drawings/diagrams.

6. ALL drawings/diagram must be fully labelled.

7. The constant values, as they appear on the attached INFORMATION SHEET,
must be used wherever possible.

8. Keep subsections of questions together.

9. Rule off on completion of each question.

10. Use g = 9,8 m/s®

11. Answers must be rounded off to THREE decimal places.

12. Write neatly and legibly.
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QUESTION 1: MOTION, POWER AND ENERGY

1.1 Distinguish between scalar and vector.
1.2 Distinguish between distance and displacement.
1.3 A tractor with a mass of 1,9 tons is parked on an incline of 18°. The

handbrake is released and after 25 seconds the tractor reaches a speed of

55 km/h.

Determine the following:

13.1

1.3.2

1.3.3

134

1.35

The kinetic energy (E) after 25 seconds
The displacement after 25 seconds

The potential energy (E,) after 25 seconds
The acceleration force

The time it will take to reach a speed of 90 km/h

QUESTION 2: MOMENTS

2.1 Explain what a uniformly distributed load is.
2.2 Explain what an oblique force is.
2.3 A beam is 8 m long and rests on two supports, 5 m apart. The right support is

2 m from the right-hand end. The beam carries a uniformly distributed load of
408 kg/m between the two supports and concentrated loads of 1 kN at the left
end, 0,153 tons at a point 0,8 m from the left end and 2 kN at the right end.

2.3.1

2.3.2

2.3.3
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Calculate the reaction of the two supports.
Draw a shear-force diagram showing all the main values.

Determine the maximum and minimum shear force from the
diagram.

(1)
(1)

(2)
(4)
3)
(2)

(2)
[15]

(2)
(2)

(4)
3)

(2)
[13]
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QUESTION 3: FORCES
3.1 Distinguish between equilibrium and equilibrant. (2)
3.2 Draw and describe the difference between a tie and a strut. (2)

3.3 The THREE forces in FIGURE 1 are in equilibrium and on the same plane.

P =200 N
50°
150N ¢
35°
Q=120N
FIGURE 1

Determine the following:
3.31 The sum of the horizontal components (2)
3.3.2 The sum of the vertical components (2)
3.3.3 The resultant force that will keep the system in equilibrium (1)
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3.4

Determine the magnitude of the forces in FIGURE 2 and indicate the nature of
the components AE, ED and CG.

400 kN 600 kN

450 kN 550 kN
FIGURE 2 (6)
[15]
QUESTION 4: FRICTION
4.1 State FOUR principles of kinetic friction. (4)
4.2 A steel container full of steel is pulled upwards against an incline of 30° by a
tractor. The mass of the steel container is 1,2 tons. The pulling force of the
rope forms an angle of 15° with the incline. The coefficient of friction between
the surfaces in contact is 0,3.
Calculate the following:
4.2.1 The tensile force in the rope 4)
4.2.2 The minimum force in the rope to pull the container upwards (3)
[11]
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QUESTION 5: HEAT

5.1 A heat treatment process is being applied to a 6 kg steel hammer. The
temperature of the hammer is 210 °C and it is placed in a 9 kg oil bath at
40 °C.

Calculate the final temperature of the steel hammer and the oil.

5.2 Water is heated from 10 °C to 80 °C in one hour by 15 kg of coal. Assume
that no heat is lost and determine the following:

5.2.1 The change in temperature
5.2.2 The heat energy delivered by the fuel in one hour
5.2.3 The volume of water which is heated
5.3 Draw a neat, labelled steam diagram in the ANSWER BOOK and show ALL

the phases of the steam process, until the steam reaches the superheated
stage.

QUESTION 6: HYDRAULICS

6.1 Name TWO elementary experiments dealing with pressure in liquids.

6.2 A vegetable farmer builds a dam and he uses of a centrifugal water pump for
irrigation. The diameter of a piston of a water pump is 182 mm and the stroke
length is 192 mm. The effective force on the piston is 6,8 kN during the
stroke.

Calculate the following:
6.2.1 The pressure during the working stroke

6.2.2 The volume of water delivered during 10 strokes

6.2.3 The work done per 10 strokes
(3x2)

6.3 Make a neat, labelled sketch to illustrate the application of Pascal’s law and
briefly explain its application.
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(1)
(2)
3)

(5)
[15]

(2)

(6)

3)
[11]
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QUESTION 7: ELECTRICITY

7.1 Define Faraday's first law of electrolyses. (2)
7.2 Define electroplating. (2)
7.3 Three cells, each with an EMF of 4 V and internal resistance of 0,1 Q per cell,

are connected in series to a circuit as shown in FIGURE 3.

1 R1: 2Q
D C
— 11—
R2 =3Q
@) R4: 0,2 Q
A B
R;=0,8Q R:=1Q
®
FIGURE 3

Calculate:

7.3.1 The total resistance of the circuit 4)

7.3.2 The ammeter reading (2)

7.3.3 The voltage across AB (2)

7.3.4 The current through the 2 Q resistor (4)

[14]

QUESTION 8: CHEMISTRY
8.1 List THREE properties of an atom. 3)
8.2 List THREE disadvantages of silver. 3)

[6]

TOTAL: 100
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FORMULA SHEET

All the formulae needed are not necessarily included.

Any applicable formula may also be used.

W=Fs
W=p.V
p=W
t
_ Uitset/Output 100%
Inset/Input
F=m.a
W F
NRg
u=tan®

Ng =Fc £ Fsina ...a=0
Fs = wsind
Fc = wcosé
Frcosa=F, £ Fg ...a=0

Fe =T1_T2

T ) )
-1 _ tension ratio
2

P=FK.v
v=7r.d.n...n=E
60
W,=F,.s
AE, =m.g.4h
AEK=5.m.Av2
2
Q=1%2.R.t
m=1.z.t
Vo _Np _ls
Vs Ng Ip
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ml .Ulimz .UZ =m1 .VlimZ .V2
D, =(D+1)
hnat/wet = hf + X-hfg

P=2xzTn..T=F.r

2
p_Fram _FpL ,_D

Aram Aol 4
Vram =VpL x N
Aram - Hram = Ap - Lp.
Fyx = Fcosd
Ry = Fsing
2Fy = Fcosf; + ...+ F,cos0,

2F, = Fsind; + ...+ Fsing,

R = 2F? + 3K}

AL=Lo.a .4t ... Li=Lo* AL

AA=PAy . p . At ... Ar=Ag = AA

2.a.s=Vv% —u?

1
s=ut+—.a.t?
2

v=u+at
STF=31F
M=F.Ls
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2 CWM =2ACWM

Pags = Patm + Pver

P=odxgxh
1 1 1
=t
RPAR Rl Rn

Vl —V2 :—E(Ul—uz)
V=I1xR
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STEAM TABLE

P ts hf hfg hg

kPa °C kJ/kg kJ/kg kJ/kg
10400 3134 1425 1295 2720
10800 316.7 1442 1271 2713
11200 3194 1459 1247 2706
11600 322.1 1475 1222 2697
12000 324.7 1492 1197 2689
12400 327.2 1508 1173 2681
12800 329.6 1524 1148 2627
13200 332.0 1540 1122 2662
13600 334.4 1556 1097 2653
14000 336.6 1572 1071 2643
14400 338.9 1587 1044 2631
14800 341.1 1603 1018 2621
15200 343.2 1619 990 2609
15600 345.3 1635 963 2598
16000 347.3 1651 934 2585
16400 349.3 1667 906 2573
16800 351.3 1683 876 2559
17200 353.2 1700 844 2544
17600 355.1 1718 812 2530
18000 357.0 1735 779 2514
18400 358.8 1752 745 2497
18800 360.6 1770 710 2480
19200 362.3 1788 673 2461
19600 364.0 1807 634 2441
20000 365.7 1827 592 2419
20400 367.4 1848 545 2393
20800 369.0 1873 492 2365
21200 370.6 1902 427 2329
21600 372.2 1940 342 2282
22000 373.7 2011 185 2195
22120 374.2 2107 0 2107
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PHYSICAL CONSTANTS

T630(E)(AL)T

CONSTANTS
QUANTITY KONSTANTE HOEVEELHEID
Atmospheric pressure 101,3 kPa Atmosferiese druk
Density of copper 8 900 kg/m® Digtheid van koper
Density of aluminium 2 770 kg/m® Digtheid van aluminium
Density of gold 19 000 kg/m® Digtheid van goud
Density of alcohol (ethyl) 790 kg/m® Digtheid van alkohol (etiel)

Density of mercury

13 600 kg/m®

Digtheid van kwik

Density of platinum

21 500 kg/m®

Digtheid van platina

Density of water 1000 kg/m® Digtheid van water

Density of mineral oil 920 kg/m® Digtheid van minerale olie

Density of air 1,05 kg/m® Digtheid van lug

Electrochemical equivalent of silver 1,118 mg/C Elektrocherniese ekwivalent van silwer
Electrochemical equivalent of copper 0,329 mg/C Elektrochemiese ekwivalent van koper
Gravitational acceleration 9,8 m/s’ Swaartekragversnelling

Heat value of coal 30 MJ/kg Warmtewaarde van steenkool

Heat value of anthracite 35 MJ/kg Warmtewaarde van antrasiet

Heat value of petrol 45 MJ/kg Warmtewaarde van petrol

Heat value of hydrogen 140 MJ/kg Warmtewaarde van waterstof

Linear coefficient of expansion of copper 17 x 10°/°C Lineére uitsettingskoéffisiént van koper
Linear coefficient of expansion of aluminium | 23 x 10°/°C Lineére uitsettingskoéffisiént van aluminium
Linear coefficient of expansion of steel 12 x 10™/°C Lineére uitsettingskoéffisiént van staal
Linear coefficient of expansion of lead 54 x 10™/°C Lineére uitsettingskoéffisiént van lood

Specific heat capacity of steam

2 100 J/kg.°C

Spesifieke warmtekapasiteit van stoom

Specific heat capacity of water

4187 J/kg.°C

Spesifieke warmtekapasiteit van water

Specific heat capacity of aluminium 900 J/kg.°C Spesifieke warmtekapasiteit van aluminium
Specific heat capacity of oil 2 000 J/kg.°C Spesifieke warmtekapasiteit van olie
Specific heat capacity of steel 500 J/kg.°C Spesifieke warmtekapasiteit van staal
Specific heat capacity of copper 390 J/kg.°C Spesifieke warmtekapasiteit van koper
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