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OUESTIOM §

i.1 s= vyt . (O
‘ v=u-+tat........... DU (2)
subt, (2) info (1)
y= U4 (u+u+al
s=uttYatt 7

L .. . . ¢ . .
1.2 Momentum before collision is equal to momentum afier collision
’ ]
- s .
1.3 If the system of forces a1t in equilibrivm then the sum of clockwise
X : . N
momeuIA Is equal to the snm of anti-clockwise momen}( taken from the
same filerom. . 1
| N . g
1.4 vame magnitnde but acts in opposite direction

LA 1
Lleat value of{ fuel is the guality of heat given off when 1 kg of substance

13 conmpletely comb_tg;!:ible(‘bwﬁ ks
VR
‘/‘ . l’/‘

1.6 Psimic = I?Jclivcry +k suction T
——— s .
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e
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1.8 An alloy js midture of puré metals with small amount of diflerent metals
1 "'l, /. - A -

1.9 Carbon and oxyg‘g,c:n G¢ an\/ Jusa cacred, non - m-(‘ﬁujs
. Vi

1.10 Mixture of lead with tin
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QUESTION 2 MOTION, POWELR AND ENERGY

2.1 s=ut-+ Y% at® /!
5= 0 (15) + % ()15 A

»
e
-

= 4501

2.2 M sy g g = (my b)) x v \f’/‘i
(8% 6()) (,czu) 3+ 5%
‘(« ‘/\v =52 % 305 kim/l ot

v = 14,5850 m/s )

2.3.1 V=TT D+ g v

|
12 =TL(0,4 +0 Po12) XN v
N=05210 v, ¢

SUA Power=Tex v lr_"/‘
=(TL-THv 4
= (320,324 — 153, 154) 12
Power = 2,366 W,

QUESTION 3 MOMENTS

3.1
301 Fix A
/1 "/1

Cs7 (40;\ 3 ﬁ (?’Ox 1()) (307( g}

B=198,571 k¥ |\
e C;

s Tal i\
Ax7+80x3 “MO}J 50% 5

B= 71,429 KN W
Check ZTF = j9%,511 ) T
iJ f"': = GO koA §o

210 LN

2J0 kN Y
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iz‘/l e
3.1 /‘ 80,00 ¥ 80,00
!
71,429 11 -(r:)(‘
S i "‘ Larm
- \/ ('g, .
: \\Il 1,429 ( Jln(?\
L} (— — - — 10 ' Lg
- 18,5784 :
18)‘ },:!’ “"‘\‘H‘IIL “/‘
4 T 118,571
. u
QUESTION 4: FORCES
4.1.1 51y = GkIN — 5k
\f ‘e‘j‘
=1 kN Morih )
i % Ty 7N = 3 kN
- v
=4 lr_N‘ Fast' (2
4,'1‘3 FR = ‘\!(/‘I-Z "E— lui) ‘/.‘Jn
B = 4,123 kN v 2
4.1.4 Tan g =4
1
@ = Tan™ 4 1
(5= 75,0640
t 3 = FLET X o
ooll/!aih 75,964 West (1 (2
4.2 ‘
P K
30°
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PQSIn30° =5 kN v7 y
Y
PQ = 51kN /sin 30°
P =10 &N sheat 7
'
Also
PQC0s30° = QR V! f

, v’
QR = 10 kideogiQe® )

" o |/
QR = 8,660 WV tie

(¢
. ¥
QUESTION & FILCYTTON
s
5.1 I = T —Vsino v 2
wx(50% 9,8 % (:0320"5):;190 (50%x 9 8 cHi }8
Hox 460,449 =0 — 167,589
3
A0, 2 v
S 8.2 =40 kg ; m = 0,36; 0 = 220 r e
7‘1 ) ,s"rk7—m
e
b o] B0 +
____________________________________ f
]f W
Fin = Teos) - W= w-Tsin0  and Flu = v
T % cos0 ~1|| (W -Tsind) 1/'/, p
"
Tx Cos ¥20 =0 36 (40 % 9,8 - T Siny 220)
T'x0,9272 = 0,36 (392 - 0 3/46[])
0 927?[ = 101,12 - 0, 15486!
T=1 ‘.%.ﬁ.f,:_'!.?:
1,0621
LEREYN T (4
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QUIESTION 6: HEAT

0.1.1 Q=mzxcx At v |
=100 % 4187 x 12 v
O =5,024 MF "

0.1.2 ‘ Qin = Qnul/ﬂ i,/\

= 5,02 LIvIJ
0,54 4

O = 9,304 MJ v
6.1.3 [eat value = Qy/masg (N

= 9,304 x 10°
(265,841x10 kg

Heat value =35 MJ.I{g" v

e

ba. . lf H ﬂt"] rLLC{Lfi / CI:'}}T 'l}it'il‘ﬁ'lt v
= = Vi
0.1, D Power = Qin/t 1
= 9,304
rgop V)

= 6169 KW v

6.2 A= Af28) AL 1A,
rd
={0,025x2(23x10) x 42

Ad =483 x 107 m* v
- 6.3.1 ‘h'-j = 2720 lJikg 7

6.3.2 hyer== he - yhyy v d
=546 0,94 (2174)v]
= 2589,56 kl/kg v+

Lo = 2(2589,56)
o= 517942 108V

NOVEMBIER 201

(2

¢

0)
()

)

(L.

€)
L1



6

ENGINEERIMG SCIENCE 13 MEMORANUM MOVEMBER 201

ooy

7.1.1

1.1.2

1E A
A

TION 7: IVDRAULICS

P =pph Y4
=1000x9,8%20 1
P=1961Pa

Wd = PxV e [
= (196 x 10*) x 80
Wd = 1568000

= 15,680 M1 1}
36005
|

= 4,555 oy VY

0 = Power(oul) % 100 9%
Power(in)
= (1,355) % 100%
5

F

»
y=87111%, b

F=D"xf Ve
2
d
=02 x 310 kM 1)
(0,05)*
=4960,060N

D= d*H o\

(0,2 % h=(0,05)2x 0.7 1}

= 0,04375 m or 4375 b
Height =1 x h n =_1):ix_l;1 |
46 =n(43,75 x 107) OR d*x s v

n= 1051 =(02)” x 46 W\

(0,05)* % 0,7

=1081 7

@

(2)

(2
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. . ) Lo 5 4
7 2.4 Vo= T1(0,04)/47 0,7 x 105 \( = 11x(0,2)* x 46 -~
V== 1,445 m® OR 4
= L Ad5 m® b7 2
OUESTION 8: BLECTRICITY
g.1.1 A=1 +1 =2 4
Ry 0,4 04 0,4
Ry=04 1
2 o Ry = 00008724
= 0,2 2 V) | = 6,35/ 1 2
8.1.2 [=Y 7
I8
=12
6,35 !
=189A v~
(2
8.1.3 V=IxR
= 1,89 x 6,35 4
= 14,235V /! o
8.2 Q== V.ILT

240 % 8 x4 %3600 x5 V)
Q=138,24 M3 v\
Cost=13824 M1/ (3,6 MDx 16c ¥

::614'c './'f

Cost = J16,14° (3



H
ENGINEERING SCIEMNCE N3

MEMORANUM NOVEMBER 201
8.3.1 Vs=Nsg v/
Vp  Np
Vs =240 % 300 v/}
50 P
=1dd0 vV 2
8.3.2 I, =V,
LV,
1 = (240) % 20
1440 .

L=333A 7

¥l m= L= 2= O3yl
=0, 52/0){/0 j/(

F e Y !//I { = Jd?i()ﬂ
. 2.1 o

500 S

0,307 K 1500
}

el P A lq_mYO v (7’)

Lo |

lorpd 0
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INSTRUCTIONS AND INFORMATION

1. Answer ALL the questions.

2, Read ALL the questions carefully.

3. ALL the calculations must consist of, at least, the following THREL steps:
3.1 The formula used or manupulation thereof
3.2 Substitution of the given data in the formula
3.3 The answer with the correct Si-unit

4, The constant values, as they appear on the atlached information sheel, must

be used wherever possible. ‘

5, Number the answers correctly according 1o the numbering system used in this
question paper.

6. Keep subsections of questions togelher.

7. Rule off across the page on completion of each_ql.lesticm.

8. Drawing instruments must be -used for ALL drawings/diagrams.  ALL
drawings/diagrams must be fully labelled.- : ' '

0, One mark indicates one percentage point, that lb 100 marks = | 00%.

10. Use g = 9,8 m/s®,

i1, Answers must be rounded off to THREE decimal places.

12. Write neatly and legibly. |

PTO
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CUESTION 1

1.1

1.8

1.10

Derive the formula s = ut + % at? from the formutae of motions: s = % (U + )t
and v = 1+ at

State the law of conservation of momentunm.
State the law of moments.

Y

Slate the simitarity and the difference between the resuflant force and
equilibrant force acling on a system of forces.

Explain the term heat value.

Express the static head of pressure in water in tetns of delivery head and
suction head.

Make a neat sketch of a cehbiifugal pump with regard to the following:

1.7.1 slatic head

1.7.2 Suction head

1.7.3 Delivery head

1.7.4 Waler level | .
Explain the term alloy. !

Give TWO examples of noh-metals.

Narne the TWQO elements {hat solder consisls of.

QUESTION 2: MOTION, POWER AND ENERGY

2.1

A racing car accelerates uniformly at 4 mfs? from rest.  Calculate the
displacement afler 15 seconds.

A truck with a mass of 8 tons travels at a velocily of 60 lm/h and collides with
a lruck with & mass of 5 lons travelling in the same direction at 40 km/fh. Afier
the collision the two trucks move together.

Calculate the final common velocily of the TWO trucks in m/s alter the
collision. '

P10

e}
()

(3)

()

(2)
s

(3)
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A belt drives a pulley with a diameter of 40 cm with a thickness of 1
The tension in the tight side is 320,324 N and the slack side is 123,

The belt velocity is 12 m/s.
Consider the belt thickness and calculate the following:

2.3.1 The rotational frequeiicy of the pulley
2.3.2 The power transmilted by the belt in kW

QUESTION 3: MIOMENTS

FIGURE 1 below shows a horizontal light beam ABCD wilh a unifonm cross section

loaded as shown in the diagram.

3.1

50 kN 29 KM

R R S Ly
A

Y
| 2m am ;l S\m
A 4 A
A B ¢

FIGURE 1

Calculate the reaction at the supports and lesl the answers.

Draw a shear-force diagram by using a suilable scale. Show ALL the main

values on the diagram.

QUESTION 4: FORCES

4.1

80 kN

Study the FOUR coplanar forces below, aciing at the saime point:

7 kN east
6 kN north
3 kM west
5 kN south

PTO

2
15

mm.
4 N,

(2)
(2)
191

(6)

(5)

[10]
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Calculale the following:

4.1.1 The sum of the vertical calmponents and slale the direction
4.1.2 The sum of the horizontal components and state the direction
4.1.3 The magnitude of the resullant

4.1.4 The direclion of the equilibrant

FIGURE 2 below shows a siructure of forces in equilibrium.  Determine
graphically or calculate the magnitude and nature of the members AB and
AC.

T2KN
w ]
, /‘//( ~
Y ™
Y ™~

FIGURIE 2

QUESTION 5: FRICTION

5

5.2

A granile slone witli a mass of 50 kg rests on an inclined plane making an
angle of 20° with the horizontal, A force of 200 N parallel 1o {he plane is
required to pull the granite stone up the inclined plane al a constant velocity.

Calcutate the coufficient of friction.

A body wilh a mass of 40 lkg resls on a horizontal plane. The coeflficient of
friction is 0,36. A force T with angle of 22° to {he horizontal pulls the body at a
constant velocily, :

Caloulate the magnilude of force T,

PTO

(2)
(2)
(2
(2)

(6)
[14]

(3)

(4)
[7]
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QUESTION 6: HEAT

6.1 A mass of 265,841 x 107 kg of fuel is burnt for 30 minutes 1o heat 100 litres of
water from 18°C to 30°C. Only 54% of the energy of the fuel was dissipaled
to the water,

Calculate the following:

6.1.1 The heat energy required for the temperature change (?)

6.1.2 The heal energy given off by the fuel (2)

6.1.3  The heat value of the fuel (2)

6.1.4 Refer {o the information sheet and hame this fuel (1)

6.1.5 The power transmitted by the fuel (2)
6.2 An aluminium rectangular plate at 23°C with a ditnension of 25 cin by 10 cm

is heated and the temperature increases o 65°C.
Calculate the change in the area of the plate. (2)

6.3 Steam is generated ih a boiler al a pressure of 270 kPa to a dryness fraclion
of 0,94,
!
Calculate the following:

6.3.1 The enthalpy of the dry salurated steam (H
6.3.2 The enthalpy required to convert 2 kg of water inlo wet steam (3)
{15]

QUESTION 7: HYDRAULICS

7.1 A diesel generator with an oulput power of 5 KW drives a single-acling pump. -
The pump delivers 80 000 litres of waler per hour. The tank is 20 m vertically
above the pump.,

Calculate ihe following:

7.1.1 The pressure exerted by the pump in kPa (2)
7.1.2 The worlk done by the pump per hour (2)
7.1.3 The efliciency of the pump (3)

PO
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The following data refers to a hydraulic press:

Diameter of the plunger = 50 mim
Diameter of ram = (L2 1m
Stroke length of plunger = 70 am
Efforl on the plunger = 310 kiN

Caloulate the following:

7.2.1 The force exerled by the ram
1.2.2 The distance moved by the ram per stroke of the plunger
7.2.3 The number of pumping strokes requived by the plunger to lift the

load to a height of 46 m

7.2.4 The volurue of liquid received by the ram cylinder

QUESTION 8: ELEGTRICITY

8.1

8.2

8.3

An electrical circuit consists of a battery with Z cells each with EMF 12 volts
and an internal resistance of 0,4 ohm each and connected in parallel. An
ammeler willi an internal resistance of 0,15 ohm Is connected in series wilh a
resistor Rq = 2 ohims and a resistor Ry, = 4 ohms and the ballery.

Caleulate he following: "

8.1.1 The lolal resistance of the circuit
8.1.2 The reading on the ammeter
8.1.3 The polerial difference in the circuit

An electrical motor produces a current of 8 A for 4 hours per day from a
voltage supply of 240 volls. The costis 16 cent per KWih,

Calculate the lotal cost after FIVE days of operaling the motor,

A single-phase transformer has a supply voltage of 240 V and a primary
current of 20 A at full load. There are 50 primary turns and 300 secondary
turns on the fransformer,

Calculale the following:

8.3.1 The secondary voltage
$.3.2 The secondary current

Calculate the magnitude of the curent which flows for 30 minutes through a
copper sulphalae solulion. The mass of the copper deposited is 7,46 gram.

TOTAL:

(2)

(2)
['15]

(2
(<)
(1

(=)
[14]

100




INFORMATION SHEET

PHYSICAL CONSTANTS

TZBO(E)INTT)T

QUANTITY CONSTANTS | HOEVEELHEID
KONSTANTE
Aimospheric pressure 101,3 kPa Almosferiese diuk

Densily of copper

8 900 kg

Digiheid van koper

Density of aluminium

2770 kg/n13m

“Digtheld van aluminium

Densily of gold

10 000 ng'm3

Pigtheid van gotid

Densily of alcatwl (eihyl)

790 kgim® ©

Digtheid van alcohol (eliel)

Densily of mercury

13 600 kgfrn®

Digtheid van kwik

Density of platinum

21 500 kghm’®

Digtheid van plalina

Density of water

1 000 kgm®

Digtheid van water

Dansily of mineral oil

920 kg/m®

“Digtheid van minarale ofie

Density of air

1,05 kg/m®

Digtheid van lug

Electiocheinical equivalent of silver

118 1ingfC

Flekliochemiese eliwivalent van silwer

Electiochamical equivalent of copper

0,329 mg/C

Eieldl‘uchen{iese ekwivalenl van koper

Gravitational acceleration 9,6 mis? Swaailekragversnelling
Heat value of coal 30 Mg Warmtewaards van steenkoo
‘Heat value of anthracite o 35 MJflg Warntewaarde van antrasiet

Heat value of petrol

45 MJikg

Warmtewaarde van pelrol

Heal value of hydrogen

140 WMdikg

Warmiewaarde van waterstof

Linear coefficient of expansion of copper

17 % 10°%°C

Lineére vitsellingskoéllisignt van koper

Linear coefficiet of expansion of aluminium

23 % 10°%°C

Lineére uitsetfingskosfiisient van aluminium

Linear coefficient of expansion of steel

12 % 10°°C

Lineéro uitseltingskogilisient van staal

Linear coefiicient of expansion of lead

54 x 10%°C

Lineére vilseltingshodffisiént van lood

Specilic heat capacity of steam

2 100 Jikg.”C

Spesificke warmtekapasileit van stoom

Specific heat capacity of water

4187 Jig.°C

Spesiliele warndekapasilait van waler

Specilic heat capacity of alurminitin:

000 Jkg."C

Spesifiake warmiekapasitelt van aluminium

Specific heat capacity of oil

12000 Jfig."C

Spesifieke warmlekapasiteit van olie

Specific heat capacity of steel

500 Jikg.°C

Spasiliske warmlekapasiteil van staal

Specific heat capagity of copper

390 Jkg T |

Spesilieke warmtekapasiteit van koper

T
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0 Power &nd ,b,ncrﬁ.

i F=ma’ : .

i

-/.\',f '

e
ot | e

p—

2o l'~

o _.m*l’!w

318, l’"”= Na=3% ms” T s -

I
20 e %-
.~5710b.04-_i_hg,.'_~ - :
T3 PR - _ i
’ '=-3;18,;:::5.l wil - . i ‘.—:
1 =81 o0 ' i
1.23 |y=u+ar’ :
= 0+ 3x10 ) P
1Y =30 m.s" i

R
.
sl

rr

=080 I N F=928W D=0280wm t= o"{jog th.

T
. :__1

Y =n(D+ N
=l 0,289 -+ 0 ag4)

[Q '\g_](l . o.

[

____! e

‘% 10369

— | —

Moments

if o svstem of forces ig in =aquilibrivn i

N en the sum of clocknuiss Y
~ . 1 ;
J.momients are m_m[ m U sumn of ant-clockwise momenms I35 5
N T a— = o g T T e
2.2 P
- 1 .
P ! l“{.(
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Forees
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Snmc rmcfnnudé wuh ODI)O"II:: dtrectmm '

L —_ e ua.

1!—':@ r\)‘ {(\rﬁé}

w0 C o

Fy.=-70 T35 sin 60"
IQG 913 N South

13 HCOSGO ~ 150
83,5 N West

.
i

\O 0
".JJ .
— T

Op = tan’ (82,5!186
Op =S 23,816 W
Qe =N23816%E

L4

¢

RV

R

CABSagd-a0 i L
AR =46, 188 KN, st

) fm(.

'AC = ABeos 50" e
"AC =461 Bb_cos_,of}f"
AC - 23,094 kN: e -

Friction

Tg the. anale bclwean thc resu Hant force and the normal
IL"ICHOH ‘rorcc :




From (1), (i) & (i) _
W cose = F —~Wsing , -
' W= Fyf(ucose + sina)- ' -
]

= 5884 0,38 70828 + sin28)

NTowE
b SR

=
I

g

A

)
N P N P

- .-_JL_L'.-...-..'.;‘_H____,;__ .

e

1
LR

e b SR _;..__n._. N N S
J
T

subt (i} & (i) into (i)
o= Ty cos 20% 08 - By sinao®y

o7 L2 Kbleos 207 8902818 £ 120N 20%)
wo= 0,357 ‘ '

. - veoL

R . L dS rd
4320 LN =W Er e w (1) 3
' = 0. 5> : 4
i rreos 200 =1, e (1t)
v - C R . L
=g . v

e
DR

|

-~
ter 3 .
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" Heat

TThe heat vajue of & ﬁlcl is Ihu quauuty ‘of hr_‘nt given off when 1kg
of a. subsfancc is complccc’ty ,Umbusuble at normal tempcmture and -

L -,hcai 2 225 NI

K ' prcssurc Ca a
A8 ;hcat =mass X hcat thlv =
1 5K , e

[EPETEN

b

"'Powcr Hcdt éner nj,rfL

affﬂ;i_vﬁ/(?.pxéoj L

i 4 Watc. Jost due 16 cvaporanon .
+ Initial cost of installation is very e‘{pt.dswt’..
= Steam layout must 5 crccted thcrc water and coal are
available.
= Combustion contaminated the atmos;)bcrc.,

S ‘= 18735 KW i.
523 | efficiéncy = Powcr(out)/Powver(in) -

S ,.7—65L:Wf18?,fk‘“'x100% !

. : =35% : i,

'35 A=A (221 -

' t= Ao /(A (2} ' S

C b= 1723 x 107 /((o z':) (mw“))\ il

t=4, 985"(: . N

e

b-’-\-!t:l = h.&+ hfgl .
418 0,96 x 2258°

Bwg = 25&5 68 U/kg -

' '-Hvdraulic B _‘ -

lf pressure is applicd on an euulo:,m_ h)rslf.m me p“'l‘:SSurt wui? apl‘C&d

“cvenly: with sa.me, magm..uda and in nil dlr‘ccno"lc mroummut the -~ "}°

. S}au,m .
f/d2 m::?- R R R SR
[=2000% 9,8 d/('w}) A

[=49 kN T T

.p‘\

A= adifE
=R, 4)“/# B S R
A=0,125663m" o ‘ . 1
. P=TF/A ‘ :
= 400/0,126 : _ - :
P =3,183 kPa . o ]

BEN




Vi=AH

<V =10,125663 x 1,2 -

YN = 150,796 % 107 m

Wi =Prvrm .

. ,183 r 1t LhO?%v 1.0 '(10 e S
"\»fd 47998 1] B R
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