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INSTRUCTIONS AND INFORMATION

1.

2.

&

10.

11,

Answer ALL the guestions.
Read ALL the questions carefully.

Number the answers correclly according to lhe numbering system used in this
(uestion paper,

ALL the calculations must consist of, al 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 Si-unit

The constant values, as they appear on the altached information sheet, must
be used where ever possible.

Keep subsections of questions together.
Rule off across the page on complestion of each question,

Drawing instruments must be used for ALL drawings/diagrams. ALL
drawings/diagrams must be fully labelled.

Use g = 9,8 m/s%
Answers must be rounded off to THREE decimal places.

Wirile neatly and legibly.
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Read ALL the questions carefully.
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ALL the calculations must consist of, a least, the following THREE steps:

4.1 The formuta used or manipulation thereof
4.2 Subslilution of the given data in the formula
4.3 ‘The answer with the correct Sl-unit

The constant valugs, as they appear on the attached information sheet, must

be used where ever possible.
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QUESTION 1: MOTION, POWER AND ENERGY

1.1

1.2

A body with a mass of 20 kg accelerales uniformly in a straight line according
to the law, v=10-2¢, where v ig the final velocity after ¢ in seconds.

Calactllate the following:

1.1.1 The initial velocity of the body

1.1.2 The acceleration of the body .,

1.1.3 The inilial momentum

1.1.4 The kinetic energy after 4 seconds

1.1 5 The distance fravelled after 3 seconds

1.1.6 Rewrlte the law v =10 —27in {he form s =uf -+ %mz

A driving pulley rotates at 3 r/s and has a diameter of 0,3 melres. The pulley
exerts a force of 2 000 N at a paint on s periphery.

Calculate the following:
1.2.1 The turning moment (torque)

1.2.2 The power in kWW

QUESTION 2: MOMENTS

2.1

2.2

State TWO condltions for a heamn to be In equilibriurm,

FIGURE 1 shows a light horizontal beam ABCD of unilonm cross section
loaded as shown. The magnitude of support A Is 32,222 kN.

10 kN 30 kN
5 kMN/m
— l w\/i
NNV YNWYWANAAYAWY. |
B 7m G X
N . —~ o e S
A : D
FIGUIRE 1
2.2.1 Caloulate the magnitude of support D by using Newton's third law.

PTO
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2.2.2 Calculate the distance X by taking moments about support D,

2.2.3 Draw a Tully labelled shear-force diagram using a suitable scale,
Show ALL the main values on the diagram,

QUESTION 3: FORCES
3.1 Explain what is understood by the term resulfant of a number of forces.
3.2 Consider the fowr forces below acting on the same point:

20 kN direclly east

30 kN directly north

50 kN direclly west

70 kN directly southy

3.2.1 Calculale the sum of the vertical and horizontal components and
slale their diteclions.

3.2.2 Calculate the magnilude and direction of the resultant.

3.3 FIGURE 2 shows a struclure. Determine graphically or calculate the
magnilude and nature of the forces in members PQ and PR,

15 kN 10 kN

100 .15 kM

FIGURE 2

PTO
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QUESTION 1: MOTION, POWER AND ENERGY

1.1 A body with a mass of 20 kg accelerates uniformly in a straight line according
to the law, v=10-2f, where v is the final velocily after ¢ in seconds.

Calctlate the following:

1.1.1 The initial velocily of the bocly (1)

1.1.2 The acceleration of the hody (H

1.1.3 The inilkal momenturm (2)

1.1.4 The kinetic energy after 4 seconds ) (3)

1.1.5 The distance travelled after 3 seconds (2)

1.1.8 Rewrile the faw v=10-2¢in the form s=uf+ %m‘z @)
1.2 A driving pulley rotates at 3 1/s and has a diarneter of 0,3 melres. The pulley

exers a force of 2 000 N at a point on ils periphery.

Calculate the following:

1.2.1 The turiing moment (torque) (1)
1.2.2 The power in kW £
]

QUESTION 2: MOMENTS
2.1 State TWO conditions for a bearn o be in equilibriun. (2)

2.2 FIGURE 1 shows a light horizontal beam ABCD of uniform cross section
loaded as shown. The magnitude of support A is 32,222 kN.

10 kN 30 kN

5 KN/m
PR 1
! . ,L\/V\/\/W\NW K/\/V\N\AN

7m b4
R ; —~«+ e ——Y
A : D

FIGURIEE 1

s

2.2.1 Calculate the maghitude of support D by using Newton's third law., (3}

PTO
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222 Calculale the distance X by 1aking moments about support D. (4}
2.2.3 Draw a fully labelled shear-force diagram using a suitable scale.

ohow ALL the main values on the diagram. (3)

112]

QUESTION 3: FORCES
3.1 Explain whal is understodd by the term resulfant of a number of forces, (1)
3.2 Consider e four forces helow acting on the same point;

20 kN direclly east

30 kN directly norih

50 kN direclly west
70 kN directly south

3.2.1 Calculate the sum of the vertical and horizontal components and
state their diteclions. (3)
3.2.2 Calculate the magnilude and direction of the resultant. (4}

2
3

FIGURE 2 shows & stucture. Delermine graphically or ealculale the
magnitude and nature of the forces in inatmbers PQ and PR,

15 kKN 10 kKN

| L

R/ 60 ‘:\ i \// | ,
I a [

10 kM .16 kN

FIGURE 2

(6)
[14]
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GUESTION 4: FRICTION

4.1

4.2

Explain the term angle of friction.

A horizontal foree of 500 N is required to move an objecl wilh a mass of
100 kg across a horizontal surface at a constant spaed.

Caloutate the cosfticient of friclion.

FIGURIE 3 shows a body with a mass of 50 kg on an inclined plane making an
angle of 20° with the horizontal.

FIGURE 3
Calculate the magnitude of force ¥ required to push the object up the incline
al a conslant velocity if the coefficiant of friction is 0,4.

QUESTION 5: HEAT

5.1

5.2

5.3

Briefly explain the term area expansion.

Calculate the efficiency wilh which 2 kg of hydrogen is completaly burmnt under
normal conditions to produce 210 MJ of heat ensrgy.

A copper plale has an area of 75,2 cn® at -5 °C.
Calculate the area when heated to 100 °C.

H.4.1 Slate ONE advantage of steam.
H5.4.2 Slale ONL: disadvantage of steant.

Caleulate the tolal enthalpy in MJ required to produce 2 ke of wet steam with
a dryness fraction of 0,82 and at a pressire of T 000 kPa,

Calculate the change in temperature of 8§ kg ol al 10 °C whan 8 000 kJ of
heat energy is ransfarred 1o the oil,

o

)

(8)
101
(1)

(2
£,

(2)
(1
(1)
(3)

(2)
112]
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QUESTION 6: MIDRAULICS

G.1 Explain, with 1elarence 1o hydraulics, whal is meant by the term presste, (h
(.2 The following data reler 1o a single-acling pump which delivers walar hiom a

bore hole;

Area of pump piston = 28,274 x 107" ny?
stroke length of pump piston = 88,42 mm
Volume of water delivered =120 #min

Repth of bore hole = 50 m

Calculale the following:

6.2, The pressure al which the pump must work in klPa (2)

6.2.2 The volime of water delivered per stroke of the piston in litres

6.2.3 The power delivered by the pump \ers
6.3 The following data refer to a single-acling hydraulic press. The ratio belween

the diameters of the plunger piston (o the diameler of the ram piston is 1:4,

Voluime of liguid disptaced by the plunger per stroke = 35 342,917 mm?

Stroke length of plunger piston = 50 imm

Force applied lo plunger piston =250 N

Galeulate the following:

6.3, The force exerted by the ram (2)
G.3.2 The diameler of the plunger pision )
[14]

P10




5 TB200E) (M30)T

QUESTION 4: FRICTION

4.

4.2

Explain the term angle of friction.

A horizontal force of 500 N is required to move an object wilh & mass of
100 kg across a horizontal surface at a constant spead.

Caleudate the cosfficient of friction.

FIGURE 3 shows a body with a mass of 50 kg onan inclined plane making an
angle of 20° wilh the horizontal.

FIGURE 3
Calculate the magnitude of force required to push the object up the incline
al a conslant velocity if the coefficient of friction is 0,4.

QUESTION 5: HEAT

5.5

56

Briefly axplain the tenn area expansion.
Y 2X]

Calcuiate the efficiency with which 2 kg of hydrogen is completely burnt under

‘noimial condilions to produce 210 MJ of heat snergy.

A copper plale has an area of 75,2 ami® at -5 90,
Caleulate the area when heafed to 100 °C.

5.4.1 Slate ONE advantage of steam.
54.2 Htate ONIE disadvantage of stean,

Calculate the total entliadpy in M. required to produce 3 kg of wel steam with
a dryness fraction of 0,82 and at & prassire of 1000 kPa,

Calewlate the change in temperature of 5 kg oil af 10 “C whenh 5 000 kJ of
heat energy is transferrad to the oil,

PTO
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3)

8);
[10]

(2)
(h
(1)

{2
[12]



G- TO20{ENMAM T

QUESTION 6: HIDRAULICS
3.7 Explain, with 1eforence 1o hydraulics, what is meant by the tenm pressuwe. (1
6.2 The folfowing data refer o a single-acting pump which delivers walar lroin a

bore hole:

Area of pump pislon 2 28,274 107 m?

Strolee length of pump piston = 88,42 mm

Volunie of water delivered =120 £/min

Depth of bore hole = 50 m

Calculale ths following:

6.2, The pressﬁre at which the pump must work in kPa (2)

6.2.2 The volume of water deliverad per stroke of the piston in litres

6.2.3 The power delivered by the puinp -
6.3 The following data refer to a single-acting hydraulic press. The ratio belween

the diameters of the plunger pislon (o the diameler of the ram piston is 1:4.

Volume of liquld displaced by the plunger per stroke = 35 342,917 mm?*
Stroke fength of plunger piston = 50 1
Forea applied lo plunger piston =250 N

Caleulate (he following:

(6.3.1 The force exerted by the ram ()
6.3.2 The diameler of the plinger pislon {4)
[141

PTO
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QUESAION 7: BLECTRICUTY

7

7.2

FIGURE 4 shows an elecirical cireuit consisting of the following components:

b

FIGURE 4

ﬁ_.~..._ﬁ‘_."‘\\ -’"‘\ ._..,...M_.MWHm_.__.‘.....‘.A._.._;‘..,\,l; i:{ ) ) I.A,.._.__-_..

— | '% g l-~~l R

-

C.

-

A batlery having four celts, EMF per cell = 2 volts
Internal resistance per cell = 0,3 olin
ONE esdernal resistor: R = {),5 ohm
ONE ammeter with reslstance =}’ abmn
Ammeter reacling = 2 amperes

A lamp with unknown resistance

Caleulate the following:

7.1.1 The total internal resistances

7.1z The 1otal eéxternal resistance i

7.1.3 "l"he resis{anf;*& of the lamp

7.1.4 The potential difference across the famp

7.1.5 The energy consumed by the lamp in 4 minutes

The following data refer to a single-phase transformer-

220 volts

I

Primary voltage
Secondary voltage 110 volts
IPrimary curent 2 amperes
Primeary furmns =100

il

Ii

Caluitale the following:

7.2 Ths secondary ciwrent
. t
7.2.2 The secondary furms

(2)
[15]
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C QUIESTION 3 GHEMESTRY

8.1 Name ONE melhod to combal corrosion, ()
3.7 Neally copy and conplete the lollowing lable in the ANSWER BOOK.
GOWMPOUND TWO GONIPOUND ELEMENTS

Hydrochloric acid

Table salt
_Sulphuiic acid )
Limestone (Maible)

“h
8.3 Calculale the mass of silver deposited on a teaspoon when a curient of
2 amperes flows fhrough a silver nitrate solulion for 1§ hour during an
electroplating process. _ (3)
18]

TOTAL: 100
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QUESTION 7: BLECTRICITY

7.1 FIGURE 4 shows an elecirical cireuit consisting of the following components:

FIGURE 4

A bailtery having four cells, EMF per ceill = 2 volis

Internal resistance per call = 0,3 ohin

OMIE exlernal resistor: R1 = {,5 ohm

ONE ammeler wilh resistance = (3,1 ohin

Amrmeter reacing = 2 amperes

A lamp with unknown resistance

Calewlate the following:

711 The total inlernzd resistance , oy

7.2 The total extemnal resistance é (3)

7.1.3 The resisiance of the lamp (2)

7.1.4 The potential difference across the larnp (2}

7015 The energy consumed by the lamp in 4 minutes (2)
7.2 The following data refer io a single-phase transformer:

Primary voltage = 220 volls

Secondary voltage =110 volts

[Primary clrent =2 amperes

Primary furns o =100

Caluulale: the following:

7.2 The secondary cinrent (2

) i
2.3 The sscondary tuns (2)

1151

o
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- QUIESTION 8 CHEMISTRY

8.1

8.2

Name ONIZ method 1o combal corrosion.

Meally copy and cotnplete the loflowing table in the ANSWER BOOK.

CONPQUND TWO COMPOUND ELEMENTS
Hydrochloric acid

Limestone (Marble)

Caleutale the mass of silver deposited on a teaspoon when a cunent of
2 amperes flows through a silver nitrale solution for 1 hour duwring an
electroplaling process,

TOTAL:

(1)
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FENGINEERING SCIENCIE N3 APRIL, 2911 MEMORANDUM
QUESTION i

From v=u-lat

i.1.1 ves 10 -2

wel0mls 1)
1.1.2 Trom v=u-+tat

v=10—-2t

a=-2mi* H
1.1.3 Initial Mowmentum p=in x u <

pP=20x10 ,
C p =200 kgan/s ¥ )

1.1.4  Where v =1q-at

v=10-2t .

v =2 mfs y

Blc = VYimV?
Tk = %(20)x(2)
Lk=40J W '€)

1.1.5 5= utd-Y%a>

5=10x3 -+ ¥(-2)x(3)?

8=21 m W @)
1.1.6 S= ut4-Yal® and

v=nu+at
v=10—72t v

8= 10t + (-2
5= 10t - y )

121  F=2000M and dismeter = 0,3 therefore the rading = 0,15

Torque = xr

T = 2000 x 0,15
T =300 N.m ¥ )
1.2.2 P=2xxxnxT
P=2%3,142 x 3 x 300
P=5655 W or 5.655 kW W @

[15]




QUESTION 2

2.1

222

2.2.3

2. 11 TForces

=% |} Forces v

Or

2. CWmomenis = ¥ ACW moments

The algebraic sum of moments about a turning point is equal to zero v

211 Torces = ¥ 1]

A+ D =10+

30 + (5X6)

Forces Wf
W

D=70-32222.., (A = 32,222 kN given)
D = 37,778 N

Talte moments abaut ‘1
2. CW moments =Y JACW moments v

[32,222 x (KX+7)] = (B0 % X) + [ (B0XG+X) 1+ [10 x (6 + X)] VWY

225,554 + 32,222X = 30X+ (904+30%) + 60 + 10XV
75,554 = 37,778 X

32,222 N

0 kN

X

22,222 N

N

\

= Im \/

N

S

.
~

7,778 IIN

37,778 kN

3)

(4)

&)

[12]



QUESTION 3

3.1.  The resullant of 2 or mo\re forces (veclors) is that single force that can

A

replace 2 or more forces in magnitude and direction and has the same elfect.

3.2 LF;= 3070 v
~-40kN
XF, = 40 kN Sonth/Suid \

LF.= 20-50 A
=.30kN ¥
LI, = 30 kN West/Wes +f

Re/ (3{))’“ o+ (4())1.
R=50kN I

Tan @ =2 Fy
% Fy
Tan @ =40
30
@ = tu(1.333)
@ = 36,869"

® = West 36,869  South A

3.3

Vertical Components:

Sin 60 =10kN/PR
PR = 11,547 KN strut VY

Horjzontal componenis:

PQ =FR x cos 60’ )
=11,547 X cos 60
PO = 5,774 kN tie Y

(1)

(1%%)

(1)

)

@

&)




QUESTION 4

4.1 Angle of friction is that angle between the resultant forces (which can
replace the normal reaction force & the minirmum friction force), and
the normal reaction force (on a horizontal plane) (2)
4.2 nxmxp) = Ty I'p=r V'
=1
W
~500N
{mxp) : A
=300
(100 £ 9,8) \
j= 0,53 v (3)
4.3 FF Cos @ = 1 [W Gos @ + I Sin @] + W Sin (5 Y
F Gos 30° = 11 50 x 9,8x Cos 20 © 4 I 8in 309 - 50 x 9,6x Sin 20 ©
0866 I- = 0,4[ 460,449 + 0.5 F] 1 167,59 _ )
0,866 F = 184,18 + 0,2 F 167,59 y
0,666 F = 351,77
F = 351,77 V
0,666
F= 528,183 N -\/ (5)
[10]

t




CIUESTION &

5.1

5.2

&
[er

%7
Y

ey
(&3]

5.6

. "__g;:);_,- ——

Whai a metal is healed, its area will increase uniformly
Efficiency (1) = Energy out/ Energy in x 100
Elficiency (1)) = 210/(2 x 140) x 100

Efficiency (1) = 75% W

AN=Nox 3 x At e (B R 200
AA=T52% (2% 17 x10%) % (100 - (- 5))
A A =0,268 cin? ' W

5.4.1 Advantages:

Steam can be used repealedly

Coal & water is reasonably cheap & readily available
A sleam installation has a fong life span
Waler can be used repealadly
5.4.2 Disadvantages
Steam layout inust be erecled where waier & coal Is available
Walor is lost due o evaporation
Initial installation cosl is very high
Pue to combustion ..., a lot of atmospheric polution
H = o (B -+ i)
= 3% (763 + (0,82 x 2014) v
= 3 X {763+ 1651,48)
= 3 X 2 414,48 ¥
H=7,243 M.} Y

Q=mxcxAl

Al=

mxc )
Al= 5000 x 10>

5% 2 000 ¥
A= BO0°C v

(1)

(1)

(1)

()

(2)
(12]




QUSESTION 6

6.1 FForce exeried per ukit area (1

6.2.1 P=pxgxh

P = 1000 x 9,8 x 50

P = 490 000 Pa or 490 I*a W | )
(5.2.2 Volume = area x height
Vaaxi
V= 28,2710 x 88,42 x 107
Vo 2,5 % 10

Bul 1 m3 = 1000 liters therafore
Volume = 2,5 x 10" x 1000

Volume = 0,25 liler WY : (3)
6.2.3 P=pxVis or P=TFxs
P = 490 x 10 x 120 x 10 or  P=120%9,8x50
60 60
I = 980 W or  P=gsow SR (2)
6.3.1 f = F
e D?
F=fxp?
d?
= 250 x 9.8 x(4)>
F=4000 N A (2)

bad



6.3.2

o=

Volume = area x lenglh -

Area = Voluime z= 35342917
Lengih 50
A =T06,858 mni? W

But the Areg = ]_l_:d_2
<
D= area x4
i

1= /2(16,858_3_4
N

PD=30mm : W

(2)
[14]




QUESTION 7 % {

7.1.1 Ry= Ry Ry + Ra -+ Ry or Ry x4
Rr=0,3+03+03+0,3 or  03x4
Ry=1,20 or 1,20 W (2)
7.1.2 EMFy = EMI= o+ EMFa + EMF3 FMFy or EMIFy % 4
BMEy =242 42492 or  2xd4

EMFr=8V <.
Rex = (EMFWY - Ry A
Ren=(8/2)--1,2

Rem=4'—1,2

Rext =280 (3)
7.1.3 Roaw = R lainp + Ry + R amp
Roamp = Roex~ Ry - R amp y

Rojamp = 2,8 0,6 - 0,1

R tamp = 2,2 £ V (2)
?. 14 V = ’ X r{jamp or Q = I2 X R X t

V=2x2.2 | v |

V = 4,4 Volis y (2)
7.5 Q=Vxixt or  Q=PxRyxt

Q= 4,4 %2 x (4% 60) or  Q=2%%22x(4x60)

Q=2412 J or Q=2112 . .

Q= 2,412 kJ Wy ' (2)




7.2 }il I _15_

Y V2 ||) ..,\
‘ s =220x2 )
110
e =4 A v (2)
7.2.2 Vi= Ny
Vo N
ls  =220x100 <
110
ls = 50 turns y (2)
[15]
QUESTION 8
8.1 Galvanizing
Electroplating
Painling
Oil or grease (N
8.2
COMPOUND COMFOSITION (2 OFF)
Hydrochloric acid Hydrogen ; Chiorine (HCl) ,
Table sait Scdium; Chlorine  (NaC))
Sulphuric acid Hydrogen; Sulphur; Oxygen (H,S0,)
Limestone (Maible) Calcium; carbon; oxygen  (CaCO,)
2 X Y2 MARKS IFOR EACH (4)
8.3 m=Ixzxt
=2 %1, 118 x (1 X 60 x 60)
= $049,6 mg
= 83,0496 gram (3)
[8]

e ._{‘-‘.frg:‘?__- — —— ,__,,ﬁ,.ji_ﬁ;vi_._ A i e

TOTAL = 100




