
 
 
 

MEM202 Engineering Mechanics – Statics 
Final Examination Solution

 
Friday, September 02, 2005 

 
1:00 PM – 3:00 PM 

 
 

I. Solve all seven problems 
II. Read the problems carefully. 
III. Extra credit is 5 points. 
IV. Equations you may need are given on the last page. 
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1. (15 Points) Determine the moment of the 610 N  
force shown about line CD.  
Express the result in Cartesian vector form. 
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2.    (10 Points)  Reduce the forces shown to a wrench 
and locate the intersection of the wrench with the 
x-y plane. 
Hint: A wrench is formed by R

r
 and //C

r
 where //C

r
 is 

the vector component of C
r

 parallel to R
r

.  The location 
of a wrench, in terms of a vector r jyix RR

rrr
+=

⊥= C
 on the 

x-y plane, can be determined by using r × R
rrr  

where //CCC
rrr

−=⊥ . 
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3.    (15 Points)  Locate the centroid ( ) of the composite  cc yx ,

 

NAME:    I.D.:    

area shown. 
Note: do not move the reference system. 
 
 
 
 
 
 
 
 
 

 
 
 

mmYmmX CC 2.87,7.75 ==  
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4. (15 Points)  Rod ABC is subjected to a vertical 
force of 200 N at C and is supported at A by a ball-
and-socket joint (i.e., it can transmit force but no 
moment) and cables BD (parallel to y-axis) and BE 
(parallel to x-axis) at B. Determine the reaction force 
at A (Ax, Ay and Az) and forces in the two cables. 
Note: you must draw free-body diagram for rod ABC. 
 
Solution 
The free body diagram of rod ABC is shown on the 
right. Balance of forces yields 
 
(i) 0=+++=∑ BDBEc TTTAF  
 
And balance of moments about A yield 
 
(ii) ( ) 0// =+×+×=∑ BDBEABcA TTrTrM AC  
 
Where 
(iii) kAjAiAA ZYX ++=   
(iv) NkT C 200−=  
(v) NiTT BEBE =  
(vi) NjTT BDBD =  

(vii) 
( ) ( ) ( )

kjikjir AC 5.00.10.1
122

0.10.20.25.1
222

/ −+=⎟
⎟

⎠

⎞

⎜
⎜

⎝

⎛

−++

−+
=  

(viii) 
( ) ( ) ( )

kjikjir AB 0.10.20.2
122

0.10.20.20.3
222

/ −+=⎟
⎟

⎠

⎞

⎜
⎜

⎝

⎛

−++

−+
=  

Substituting (iii) – (vi) in (i) gives 
 
(ix) , ,  BEX TA −= BDY TA −= NAZ 200=
 
Substituting (vii), (viii) and (ix) in (ii) gives 
 

0
0.1

i
 

0
0.1

j

200
5.0

−
−
k

+

BET

i
0.2

BDT

j
0.2

0
0.1−

k
= ( ) ( ) ( )BEBDBEBD TTTiT 22200200 −+++−−  

 
Thus, 
 

NTNTNANANA BDBEZYX 200,200,200,200,200 −=−====  
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5.  

 
 
 
a) (5 Points) Identify all zero force members in the 
truss shown. 
 
GB, BF 
 
 
 
 
 
 
 
b)  (15 Points)  Determine the forces in members BC, CF and EF of the truss shown.  
Hint: use METHOD OF SECTIONS 
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6. (15 points)  A three-bar frame is loaded and 
supported as shown. Determine the internal resisting 
forces and moment transmitted by: 
 
a. Section aa in bar BDF 
b. Section bb in bar ABC  
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7. (15 Points)  Draw complete shear and 
bending moment diagrams for the beam 
shown. Write down shear force and bending 
moment equations for all segments of the 
beam, and mark clearly on the diagram the 
locations and magnitudes of the maximum 
and minimum moments. Any method is 
acceptable, but you must show your solution 
process in detail.  
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Extra Credit     Extra Credit      Extra Credit 
 
(5 Points) Identify ALL zero forces members in each truss shown. 
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Equations you may need: 
a. Law of sine and law of cosine: 
 

α

β γ
a

b
c

γβα sinsinsin
cba

==
φ

γ

cos2or 
cos2
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−+=

φ
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b. Products of vectors: 

Given two vectors kAjAiAA zyx

rrrr
++=  and kBjBiBB zyx

rrrr
++= : 

• The dot product of the two vectors is 
( )BABABABABABA zzyyxx

rrrr
 and  between anglecos=++=⋅  

• The cross product of the two vectors is 

( ) ( ) ( )kBABAjBABAiBABA
BBB
AAA
kji

BA xyyxzxxzyzzy

zyx

zyx

rrr

rrr

rr
−+−+−==×  

 NOTE:  

yxzyx

yxzyx

zyx

zyx

BBBBB
AAAAA
jikji

BBB
AAA
kji

rrrrrrrr

=

+ + +- - -
yxzyx

yxzyx

zyx

zyx

BBBBB
AAAAA
jikji

BBB
AAA
kji

rrrrrrrr

=

+ + +- - -
 

c. A vector can be expressed either in terms of its magnitude and direction, i.e., AeAA rr
 = , or in 

terms of its Cartesian components, i.e., kAjAiAA zyx

rrrr
++= , where 

k
A
Aj

A
A

i
A
AeAAA A zyx

Azyx

rrrr
++=++= 222  

 
d. Centroid of a quarter circle: 

π3
4rxc =  

π3
4ryc =  
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