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Higher Education and Training
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AUGUST EXAMINATIO!

REQUIREMENTS: of water and steam (BOE-173)

Calculators may be used.

This question paper consists of 8 pages, 2 formula sheets and 1 information sheet.
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MARKS: 100

INSTRUCTIONS AND INFORMATION

1. Answer ALL the questions.

2. Read ALL the questions carefully.

3. Number the answers according to t
paper.

4. All the calculations should cos

41 The formula used or
42 Substitution of the give

11. nswers 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 FIGURE 1 below shows a graph of velocity against time. Use the graph to
calculate the following:
O o
@ 4 s
E o e
- 30 T //,/
> 20
B 10 &
o L .
[43] | | ! i
> 10 20 30 40 50
Time in sec

FIGURE

1.1.1 The acceleration (2)
1.1.2 The initial veloci (1)
1.1.3 @)
1.2 A tower is 24 m.hi
initial velocity Q:iz
(4)
(3)
(2)
P (1)
A ca t{non with a mass of 10 tons fires a bullet horizontally with a mass of
_ 50 kg. The velocity of the bullet when it leaves the barrel of the cannon is
0 m/s
Calculate the recoil velocity of the cannon. : 1(2%
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QUESTION 2: MOMENTS
2.1 Describe what you understand by shear force. (2)

2.2 FIGURE 2 below shows the shear-force diagram of a horizontal beam of a
uniform cross section being supported at two positions.

2my 4m ; &m ; 4m

\ E 200 Néi

190N

221 Atwhich TWO posit

magnitude of each support? 2)
2.2.2 Calculate them gni ae of the distributed load per meter length. (2)
2.3 FIGURE 3 bel@y\i‘: ; horizontal beam ABCD with a uniform cross
section loaded as.shown. T gnitude of support A is 32,222 kN.
10 kN 5 iwim 30 kN
m //" %
) FONINYINTS z’,‘f{;;_:}/‘\‘,q\ Qf;\\ N N N Y '/;é
A B 7m ¢ X D
D
FIGURE 3

Calculate the magnitude of support D by using Newton's third law. (4)
2.3.2 Calculate the distance X by taking moments about support D. (4)
[14]
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NUESTION 3: FORCES
3.1 Define the triangle of forces. (2)

3.2 Determine analytically the magnitude and direction of the resultant of the
system of forces shown in FIGURE 4 below.

(8)
3.3  graphically or calculate the
and PR.
15 kN 10 kN
} |
//
4
/
R \\ P
/ 60° |
A
T Q |
i
10 kN 15 kN
FIGURE 5 (4)
[14]
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QUESTION 4: FRICTION
4.1 List FOUR advantages of friction. (4)

4.2 A block with a mass of 0,75 ton rests on an inclined plane at an angle of 20°
to the horizontal plane.

If the friction force is 2 000 N, determine the following:

4.2.1 The component of the weight of the block parallel véiih thepia (2)
4.2.2 The component of the weight of the block pefpen cular (2)
plane.
4.2.3 The smallest force required to pull t (2)
plane.
424 The coefficient of friction.
(2)
[12]
QUESTION 5: HEAT
5.1 (2)
5.2
(3)
5.3
(5)
ume of 250 £ of water is heated from 280° C to 360°C by burning coal.
late ey following:
The change in temperature of the water (1)
: 42 The quantity of heat required (2)
5.4.3 The quantity of coal required (2)
[15]
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QUESTION 6: HYDRAULICS

6.1

6.2

6.3

QUESTION 7: ELECTRICITY

7.1

7.3

Copyright reserved

Explain the following terms:
e Absolute pressure
e (Gauge pressure

The ram of a hydraulic jack is 100 mm in diameter. The d:ameter and stroke
of the plunger are 20 mm and 50 mm respectively.
Determine the following:

6.2.1 The force that must be applied to the Iever (o] l‘n‘tka | "a ;
if the efficiency is 85%.

6.2.2 The number of strokes of the lever to li

The following data were given: An in ”‘zle diameter of, the water pipe is
50 mm and an effective head is 30 m

Calculate the work done.

Four cells each having.an emf and an internal resistance of 0,5 Q are
connected in series esx ors of 6 Q and 8 Q respectively are connected
in parallel and the acra s the terminals of the battery.

The current through each resistor
The internal voltage drop
efine the term ampere.

Define the term potential difference.

(3)

3)
(3)

(3)
[12]
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QUESTION 8: CHEMISTRY

8.1

8.2

Name THREE known metals that are listed on the periodic chart. (3)

Complete the following sentences by filling in the missing word(s). Write only
the word(s) next to the question number (8.2.1-8.2.3) in the ANSWER BOOK.

Some researchers use the following terms: dry corrosion’ proc 5S mstead':
(8.2.1) ... and wet corrosion process instead of (8.2. 2) '

Oxidation of a metal produces a (8.2.3) ...

(3)
(6]

TOTAL: 100
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ENGINEERING SCIENCE N3
FORMULA SHEET

All the formulae needed are not necessarily included.
Any applicable formula may also be used.

W=Fg§ m;.u,imz.L¢2=m,.v1i‘rng{vz
W=p.V D,=(D +1)
W
P = —;- Poaipver = F i+ thg
_ Uitset/Output 100%
Inset/Input
F=ma
F
=
u Ny
U =tan®

Ng = Fc + Fpsina ...a=0

FS = wsinf ZFX = F]COSQI + ...+ F;ICOSQH

Fe = weost LF, = Fysinf; + ... + F,sin0,

R=3F} + 5F}

ZF)’
tang = o

“4 X
Q=m.c.At..tp =toxAr

m.ww = Q =m.hv

p=%
f

Wy=F,.s AL=Lo.a.At.. Ly=Lo+ AL
AE, =m.g.4h AA=Ay. B . At ... Ar=Ap= AA
AdEg = é—.m.dvz 2.as=v —u’

2 — 1 2
Q=I“.R.f S—Ll.t+'§.(l.f
m=1.z.t v=u+at
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3 CWM = ZACWM

R,gg;,g = PATM + PMET
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INFORMATION SHEET
PHYSICAL CONSTANTS
QUANTITY CONSTANTS | HOEVEELHEID

KONSTANTE

Atmospheric pressure 101,3 kPa Atmosteriese
Diensity of copper 8 800 kg/mj Digtheiquanikoper
Density of aluminium 2770 kg/mS Digtheid va altimini
Density of gold 19 000 kg/m® r i

Density of alcohol (ethyl)

Density of mercury

Density of platinum

id'van platina

Density of water

Digtheid van water

Density of mineral oil

1 Digtheid van minerale olie

Density of air

Digtheid van lug

Electrochemical equivalent of silver

Electrochemical equivalent of copper

Elektrochemiese ekwivalent van silwer

Elektrochemiese ekwivalent van koper

Gravitational acceleration

Swaartekragversnelling

Heat value of coal 30 MJ/kg Warmtewaarde van steenkool
35 Md/kg Warmtewaarde van antrasiet
45 MJ/kg Warmtewaarde van petrol
140 MJ/kg Warmtewaarde van waterstof
17 x 10°/°C Lineére uitsettingskoéifisiént van koper
23 % 107°/°C Lineére uitsettingskoéffisiént van aluminium
12 x 10°/°C Lineére uitsettingskoéffisiént van staal
54 x 10°/°C Lineére uitsettingskoéffisiént van lood
2100 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 Jrkg.°C Spesifieke warmtekapasiteit van koper
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ENGINEERING SCIENCE N3

QUESTION 1: MOTION, POWER AND ENERGY

1.1 1.1.1 v —Uu
a=
t

_50-10
50-0

=08 m/s2v
1.1.2 10 m/sv’

1.1.3 p=50m/s
or
(50 x 10) + (0.5 x 50 x 40) ¥’
=500 +1000

=1500m v
1.2 V=u+gt

t=V-—-py =0-245
-g -9,8

=258V

S=ut +% aft
= 35,5 x (2,5) + ¥2 (-9,8) (25)°
=61,25 - 30,625
=30,62s Y

S=pt+ gt
(30,625 + 24) = + Vo gt
t =+ 54,625 x2
9,8
t= 3,339s v

Total time = 2,5 + 3,339
=5839s Vv

1.3

1.3.1 Force is that influence which changesv or tends to change the

state of rest of a body. v

1.3.2 Mass of object is the quantity of matter a body contains. v

1.4 MiVy = MaVa
10 000 x V4v =50x800 v

V=4mlis Y
Copyright reserved
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(@)
(1)

(4)

(1)

(3)
[15]
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GUESTION 2: MOMENTS

2.1 Shear force can be defined as a force pushing one part of a body in one
direction and another part of the body in another direction. (2)

2.2 2.21 Rb =490 Nv’
Rd =510 NV (2)

2.2.2 Distributed load = Force/length

=100/2 v
=50N/m v
Or
(390 —190)
4

= 50N/m 2)
2.3 2.31 Upward forces = Down forces

E:p = F down

FA+FD=1\(/)+(6><5)+30 v
32,222+ F, =10+30+30 v
F,=31,718 ¥ (4)

2.3.2 Taking moments about A
32,222 (7 +x)=10 (6\/+ x) +30 (3 + X) + 30x v
205 554 + 32,222x = 60 + 10x + 90 + 30x + 30x 4

(4)
x=1,999 =2m v [14]
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ENGINEERING SCIENCE N3

QUESTION 3: FORCES

3.1 If three forces acting at a point are in equilibrium they can be represented in
magnitude or size and directionv’ by the sides of a triangle taken in order. v’ (2)

3.2

80N

70N

A
, 30° - - N, !
DT N
\,_&/,s' Q-\\‘_‘ ;a\\
b o
~ % 50N

100 N

FIGURE 4

EHC =-70 + 100 Cos 30 + 50 Cos 30
=-70 + 86,603 + 43,301 v

~ +59.904 N v (2)
EVC = -90 — 50 Sin 30 + 100 Sin 30
=-90-25+50 v
=-65 N v 2)
R =V (65)%+ (59,904)°
R = 88,394 Nv’
65N ©=Tan' 65
e 59,904v
599N e —- 47,3360 v
R = 88,394N W 47,336° NV’ (4)
3.3 PR = 10/Sin 60° v/
=11.547 NV
PQ=Cos 60° X 11.547 v
=5.774 NV (4)

[14]
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ENGINEERING SCIENCE N3

QUESTION 4: FRICTION

4.1

e Prevents slip between two contact surfacesv’
e Removes materialv’
e Transmits movement by means of beltsv’
e Brings movement to a standstillv’
4.2
X\}L :vv:':,//",,/*
e
Fu = 2000N
FIGURE 5
4.2.1 The weight component // with the plane
WSin® =750x 9,8 x Sin 20 v
=2513,848 Nv
422 The weight component - with the plane
WCo0s© =750 + 9,8 x Cos 20 v
= 6906,741 Nv
42.3 Fup=Fp+WSin©
= 2000 + 2513,848 v
=4513,848 Nv
4.2.4 The coefficient of Fu = y Wcos©
H=FEuU
W Cos ©
=2 000
6 906,741 v
=0,289 v
Copyright reserved
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(4)

(2)

(2)

(@)

(2)
[12]
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GUESTION 5: HEAT

T570(E)}(J30)T

51 The heat value of fuel is the quantity of heat released when 1 kgv’ of the

substance

52 Temperature, v massv' and specific heat capacity. v/

is completely burnt. v/

5.3 Qwater =Q Steel

Mx C x At

= MxC xAt

MXC(tz—t1) =MXCX(T3—t2)

M x 4200 x (80 — 25 ) = 0,2 x 30 x 460 X (800-8-80) v

M x 4200 x 55 =6 x 460 x 720 v
231 000 m = 1987200 v/
M=8,6kg v
1 kgwater=11¢

Volume =861 v

5.4 250 kg
30 MJ/Kg
280 K
3360K

5.4.1

54.2

54.3

Copyright reserved

At=1—14
= 360 — 280
=80°C v

Q= ,MxCxAt
Q=250x4187x80 v
Q = 83740000 J
Q=8374 MJ v

M =83 MJkg v
30 MJ
M = 2,791 kg v’

(2)
(3)

(5)

(2)

(2)
[15]
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GUESTION 6: HYDRAULICS

6.1 Absoclute pressure is zero-referenced against a perfect vacuum, so it is equal
to gauge pressure plus atmospheric pressure.v’
Gauge pressure is zero-referenced against ambient air pressure, v'so itis
equal to absolute pressure minus atmospheric pressure.y (3)
6.2 6.2.1 W =mg =2300x%9,8
_ wd?
r nXDZ
~22540(0,020)° ¥
08501 ¥
v
=1060,706 N
(3)
6.2.2 No of strokes = D x height lifted
D x strokes
=100°x 126 v
20°x 5 v
= 63 strokes v/ (3)
6.3 © =50 mm
H = 30 Work done = volume x p x g x height
Workdonezwdthxgxgxh\/
=17 X (0,05)*x 30 x 1000 x 9,8 x 30 v
=17318J v
=17,318 kJ (3)
[12]
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GQUESTION 7: ELECTRICITY
7.1 7.1.1 ET =4x1,5
= _E =6V Vv
R+r
= 6 n=4x0,5
3,43 +2 =2Qv
=1,106 AV Rt="7?
=1 +1
Rt 6 8
2 =0,29167 v
Rt
Rt=3,43Q Vv (3)
7.1.2 V=7
V=E-1Ir V=IxR
=6-1,105x2 or =1,106x 3,43 v
=379V =379V Vv (2)
7.1.3 IR1=\V_ W
R IR = Ro
= 3 79 = 3,79
6 v 8 v
=0,63AVY =047 A v (2)
7.1.4 Vo linternal = Ir internal
=1,106x2 Vv
= 221V v (2)
7.2 The ampere is that constant current which if maintained in two straight parallel

conductors of infinite length, v* of negligible cross section, and placed apart in
a vacuum, would produce between these conductors, a force equal to 2 x 107

N/m of length. v

(@)

7.3 The potential difference is the difference in electric tension at the positive and

negative poles of a cell.

Copyright reserved
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QUESTION 8: CHEMISTRY

8.1

8.2

e lron v

¢ Copper v

e Aluminium v/
e Zinc

e Tin

e Lead

e Gold

e Silver

-9-
ENGINEERING SCIENCE N3

8.2.1 Chemical corrosionv’

8.2.2 Electrochemical corrosionv’

8.2.3 Metal oxidev’
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any three 3)
(3)
[6]
TOTAL: 100



