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QUESTION 1: GENERAL 
 
1.1 1.1.1 Resultant velocity: a single velocity that represents two or more 

velocities acting on a point, and has the same effect as these 
velocities. 

  

 
 1.1.2 Shear force: the sum of all forces to the left or right of a section on 

a beam. 
  

(2 × 1)    (2) 
 
1.2 Newton's second law of motion: the rate of momentum is directly proportional 

and is in the same direction as the applied force. 
  

  (2) 
 
1.3 1.3.1 This is at the moment the spring is elastic. 

OR 
This is the moment the spring returns to its original shape or size 
when the external force is removed. 

  
 
 
  (1) 

 
 1.3.2 Elastic limit: this is the point where the spring will not go back to its 

original shape or size when the external force is removed before 
permanent deformation. 

  
 
  (2) 

 
1.4 South 45 degrees east OR S45° E.    (1) 
 
1.5 1.5.1 The amount liquid slipped from press.   
 
 1.5.2 The higher the pressure the higher the depth of the volume.   

(2 × 1)    (2) 
 
1.6 Functional hydraulics: to accumulate hydraulic energy and expend it 

intermittently. 
  

  (2) 
 
1.7 Charles' gas law: at a constant pressure the volume of gas is directly 

proportional to the temperature. 
  

 
 

                                 
2

2

1

1

T
V

T
V

=  

                        Velocity-temperature 
 
 
 
                                                             
       
        V (m3) 
 
 
 
 
-273                0          √          T (K) 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
  (4) 
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QUESTION 2: KINEMATICS 
 
2.1 hKmVo /300=  

hKmVw /100= NE 020 wV  

?=vR              WN 035  

  

 
2.1 2.1.1         

                                                B                              
                      wV    
         A               20o     √ 
                                                              wR √ 
 
                                   oV   √                                   35o √ 
                                                                          C 
                  

 

 
 
 
 
 
 
 
 
  (2) 

 
 2.1.2 07035 += oB  

0105=  

b
SinB

c
SinC

=  

 

)(sin 1

a
cSinBC −=  

)
300

105100(sin 1 Sin−=  
0782.18=  √ 

         )782.18105(180 oooA +−=  
0218.56=  √ 

 

Abccba cos222 −+=  

    105)100)(300(2)100()300( 22 Cos−+=  
 

   hkm /896.339=  
                                                 

hkmRv /896.339=∴  
WN 035  

 

  (3) 
 
 2.1.3 The direction of flight 

 
)782.1825(90 ooo +−=β  

    
0218.36=  

Direction of flight =  W 36.218oN OR  N 53.782o N 

 
 
 
 
 
  (1) 
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2.2 hkmVP /220=  E  

hkmVQ /220= NW 030  

?=QPV  

  

 
  

 
     A 
 
 
 
             QV       60°                                                        

PQV  

 
                                                                           
                        B                 PV                                   C 
 

ooB 9060 +=  

    
0150=  

 

acCosBcaB 222 −+=  

150)220)(220(2)220()220( 22 Cos−+=  
hkm /007.425=  

 

b
SinB

c
SinC

=  

)(sin 1

a
cSinBC −=  

)
007.425

150220(sin 1 Sin−=  
015=         

hkmVPQ /007.425=   NW 015  

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  (4) 

 
2.3 mSh 210=   

hkmV /730=  
st 3=               

 
θSinVtSh ..=  

..Vt
S

Sin h=θ  
 

)
.

(sin 1

Vt
iSh−=θ  

)
)778.202(3

210(sin 1−=θ  

 
0194.20=  

  
 
 
 
 
 
 
 
 
 
 
 
 
 
  (3) 
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QUESTION 3: ANGULAR MOTION 
 
3.1 B   
3.2 C   
3.3 B   
3.4 D   

(4 × 2)    [8] 
 
 
QUESTION 4: DYNAMICS 
 
4.1 4.1.1 kgm 780=  

%7=slope  
mS 25=

  

)
100

7(tan 1−=θ  

   0004.4= √ 
 

mghE p =  
 

)004.4(25)2/8.9(780 Sinsmkg=  
 

J771.13343= √ 
 

)()( toppbottomk EE = √ 
                J771.13343=  

789
)771.13343(4

=V √ 

 

   sm /225.8=  

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  (3) 

 
 4.1.2 

aSuV 2
2

+=  

)35(2
)/225.8(0 22 sma −

=  

 
2/966.0 sm−=  

  
 
 
 
 
 
  (2) 

 
 4.1.3 0=KE m/s    (1) 
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4.2 4.2.1 tonm 8.1=  

horizontalplane =  
mS 35=  

tonNfu /110=  
U = 20 m/s 
V = 0 m/s 
 

aSuV 2
2

+=  

)35(2
)/20(0 22 sma −

=  

 
2/714.5 sm−=  

 

 
 
 4.2.2 brakef  

)( uBapp fff +−= √ 
)/714.5(1800 2smkgfapp −=  

    N714.10285−= √ 
)/110(8.1 tonNtonfu =  

  N198= √ 
)uappB fff −−=  

NN 198)714.10285( −−−= √ 
   N714.10087=  

  

(2 × 3)    (6) 
  [12] 
 
 
QUESTION 5: STATICS 
 
5.1 5.1.1 )/98)(20( 2smKgspring =  

m
smKgf spring 10

)/98)(20( 2

=  

mN /6,19=  
∆≅A 

∑∑ ⊥⊥ = ).()(. cFacSF  

)15(150)12(300)5(196)13( MNmNmNmB ++=  

N
m
NmB 385,525

13
6830

=⇒  

∆≅B 
∑∑ ⊥⊥ = ).()(. cFacSF  

196 N(8 m) + 300 N(1 m) =150 N(2 m)+A(13 m) 

N
m
Nm

A 615.120
13

1568
=⇒  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  (2) 
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                                                                            300 N                       150 N 

 
 
 
                                          F            C                 D                              E 
                                 10 m                        2 m                           2 m 

        A 120.615N                                                   B 525.385N              
                                                               15 m         
 
 
Calculate: 

  

 
 5.1.2                                                                      159 N   √ 

 
120.615 N 
         √                  
 
 
        +                                                                        + 
 
0                                                                                               0 
 
 
                                75.385 N √              - 
 
 
 
                           
                                                  375.385 N√ 

 

 
 
 
 
  (2) 

 
 5.1.3 BMA→(120.615N).(o m) = 0 

 
BMC→(120.615N).(10 m)-(196N).(5m) =226.15 Nm 
 
BMD→(120.615N).(12 m)-(196N).(7m) =75.38 Nm 
BMB→(120.615N).(13 m)-(196N).(8m)-300 N(1 m) =-300.005Nm 
 
BME→(120.615N).(15 m)-(196N).(10m)- 
    (300 N).(3 m)-(130 N).(0 m) = 0 
 

           0=∑ sf  
           0)./6.19(615.120 =− xmNN  

          
mN
Nx

/6.19
615.120

−
−

=  

      m154.6=  
 
BMF→(120.615 N).(6.154 m)- 
    (19.6 N).(6.154 m)(0,5)(2,333 m) 
     = 371.122 Nm 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  (5) 

20 kg 
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 5.1.4                     

                               371.122 Nm 
                   √                √ 
                                          226.15 Nm 
                                                          75.38 Nm 
         0                                                √                                               0 

√ 
                       
 
                                                                          300 Nm 

 

 
 
 
 
 
 
 
 
  (2) 

 
5.2 

 

Shape V (mm3) G (mm) VG(mm4) 
Cylinder A  

HDVA 4

2π
=  

20
4
502π

=  

= 39269.908√ 

2
HG =  

2
20

=  

=10√ 

 
 
39269.908(10) 
= 392699.08√ 

Cylinder B 
hdVB 4

2π
=  

    80
4
302π

=  

= 56548.668√ 

2
hHG +=  

2
8020 +=  

= 60√ 

56548.668(60) 
= 3392920.066√ 

 668.56548908.39269. +=∑v
 
    = 95818.576√ 

 

∑
∑=

V
Gv

y
.

 

= 39.508 mm√ 

.339292008.392699. +=∑ Gv
 
= 3785619.146√ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  (4) 

  [15] 
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QUESTION 6: HYDRAULICS 
 
6.1 6.1.1 d=90 mm                                                             D = 180 mm 

Sl = 480 mm 
MA = 18 

%85=η  

hf    , m=4.2Mg      %96=η  

2

2

d
D

f
W

p

R =                and     
η

100.
h

p

f
f

MA =  

 
)/8.9(102.4 23 smkgWR ×=  

       N41160= √ 
 

2

2

D
Wdf R

p =  

2

2

)18.0(
41160)09.0(
m

Nmf p =  

N10290= √ 
 

η
100.

MA
f

f p
h =  

96
100.

18
10290N

=  

N486.595=  

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  (5) 

 
 6.1.2 n, m = 4.2 Mg   SL = 520 mm %96=η  

4
.. 2

L
a

SDV π
=  

     
4

)520.0()180.0( 2 mmπ
=  

 
     30132324.0 m=  

η
100.as VV =  

     
96

1000132324.0 3m=  

     
301378374.0 m=  

3
2

01378374.0
4

... mnsld
=

π
 

 
5.4513.4 ≈=n  

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  (3) 
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6.2 6.2.1 N = 120 r/min 

d = 150 mm 
Sl = 250 mm 
C = 2 
 

aV   (Actual volume in l/s),       mmSL 300=  

60
.

4
.... 2 NCnsldVs

π
=  

60
min/120.

4
)2.(1.25,0.)150,0.( 2 rmmπ

=  

 
sm /0176715,0 3=  

 

100
. ηsa VV =  

100
100./0176715,0 3 sm=  

 
)/1000(/0176715,0 33 mlsm=  

671,17= sl /  

 

  (4) 
 
 6.2.2 

100.%
s

as

V
VV

Slip
−

=  

 

100.
/671.17

/789.16/671.17
s

slsl −
=  
 

%037.5=      
%5≈  

 
 
 
 
 
 
 
 
  (2) 

  [14] 
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QUESTION 7: HYDRAULICS 
 
7.1 

int: dDext  

       1:3  
kNF 620=  

mml 771.0=∆  
GPaE 209=  

ml 3=  
mml 771.0=∆  

?
?

int =
=

d
Dext

 

ε= 
l
l∆

 

mm
mm

3000
7771.0

=  

 
000257.0=  

 

ε
δ

=E  

  

 
 εδ .E=  

)000257.0.(10209 9 Pa×=  
Pa53713000=  

a
F

=δ  

δ
Fa =∴  

Pa
N

53713000
620000

=  

 
20115428.0 m=  

 

)(
4

int
22 dDa ext −=

π
 

))3((
4

int
2

int
2 dd −=

π
 

int
28

4
dπ

=  

 
int

2283185.6 d=  

N
md
`2831853.6

0115427.0 2

int =  

 

         m04286.0=        or  (42.861 mm) 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  (6) 
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7.2 7.2.1 kNF 38=  

28000mma =  
ml 3=  

mml 51.0=∆  

26

22

101
)1(800

mm
mmma

×
=  

2008.0 ma =  

a
F

=δ  

2008.0
38000

m
N

=  

 
Pa4750000=  

  

 
 7.2.2 strain 

l
l∆

=ε  

mm
mm

4000
51.0

=  

 
410275.1 −×=  

  

 
 7.2.3 E 

 

ε
δ

=E  

410275.1
4750000

−×
=

Pa
 

 
Pa10107255.3 ×=  

GPa×= 255.37  

  

(3 × 2)    (6) 
  [12] 
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QUESTION 8: HEAT 
 
8.1 377.0 mV =  

K/1017 7−×=γ  

KT 233=∆  
TVV o ∆=∆ ..γ  

)233.(/1017.77.0 33 KKmV −×=∆  
 

300304997.0 m=  
.2 oVVV −=∆  

.2 oVVV +∆=  
33 77.000304997.0 mm +=  

3773.0 m=  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
  (3) 

 
8.2 8.2.1      A          

 
32mVA =  

Ct o
A 25=  

kPaPA 580=  
                                                R=287J/kg.K 

                                                 Ct o
eqil 20=  

  

 
  KTA 298=  √                     KTequi 293=                    KTB 308= √ 

 
?=BV  

BBBB RTmVP =  

B

BB
B P

RTmV =  

Pa
KKkgJkg

580000
)308).(./287(6

=  

 
3914.0 m=  

  
 
 
 
 
 
 
 
 
 
 
 
  (3) 

 
 

kgmB 6=  

?=BV  

Ct o
A 35=  

kPaPB 580=  
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 8.2.2 ?=equiP  

equiequiequiequi RTmVP =  
 

BAequi VVV +=  
33 914.02 mm +=  

3914.2 m=  
 

AAAA RTmVP =  

A

AA
A RT

VPm =  

)298).(./287(
)2(580000 3

KKkgJ
mPa

=  

 
kg563.13=  

914.2
)293).(287(563.13 K

V
RTm

P
equi

equiequi
equi =⇒  

                                          kPaPequi 395.391=  

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  (4) 

  [10] 
 

TOTAL:  100 
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