
Question 1 (see Fig. 1) Two 2 × 4 m plywood panels, each of weight 𝟔𝟎 N, are nailed together. 

The panels are supported by ball-and-socket joints at A and F and by the wire BH. It is 

required that the tension in the wire be minimum. Appropriate location of H (x,y) in the xy 

plane and the corresponding minimum tension Tmin are to be determined.  

(a) Draw the free-body diagram of the panels (combined) and derive the equation(s) of 

equilibrium, in which the only unknown is the force T (vector).  [10 marks] 

(b) Using vector identities or otherwise, determine Tmin and corresponding (x,y).  [10 marks] 

Figure 1 (Question 1) 



SOLUTION: 

Part (a) 

AF = 4𝑖̂̇ − 2𝑗̇̂ − 4𝑘̂ 

𝐴𝐹 =  √42 + 22 + 42 = 6 𝑚 

𝜆̂𝐴𝐹 =
AF

𝐴𝐹
=

1

3
(2𝑖̂̇ − 𝑗̇̂ − 2𝑘̂)

r𝐺1/𝐴 =  2𝑖̂̇ − 𝑗̇̂

r𝐺2/𝐴 =  4𝑖̂̇ − 𝑗̇̂ − 2𝑘̂ 

r𝐵/𝐴 =  4𝑖̂̇

𝑀𝐴𝐹
𝐺1 = 𝜆̂𝐴𝐹  . (r𝐺1/𝐴 × G1) =

1

3
|
2 −1 −2
2 −1 0
0 −60 0

| 

=
1

3
× 60 × (0 + 4) = 80 N m 

𝑀𝐴𝐹
𝐺2 = 𝜆̂𝐴𝐹  . (r𝐺2/𝐴 × G2) =

1

3
|
2 −1 −2
4 −1 −2
0 −60 0

| 

=
1

3
× 60 × (−4 + 8) =

1

3
× 60 × 4 = 80 N m 

Figure: Free Body Diagram 



𝑀𝐴𝐹
𝑇 = 𝜆̂𝐴𝐹  . (r𝐵/𝐴 × T)

∑ M𝐴𝐹 = 0 

⇒ 80 + 80 + 𝜆̂𝐴𝐹  . (r𝐵/𝐴 × T) = 0

𝜆̂𝐴𝐹  . (r𝐵/𝐴 × T) = −160 (1) 

Part (b) 

Using the property of scalar triple product, Eq. (1) can be rewritten as 

 T . (r𝐵/𝐴 × 𝜆̂𝐴𝐹) = −160

Thus, the projection of  T on (𝜆̂𝐴𝐹 × r𝐵/𝐴) is constant.

Hence, Tmin is parallel to 𝜆̂𝐴𝐹 × r𝐵/𝐴, 

𝜆̂𝐴𝐹 × r𝐵/𝐴 =
1

3
(2𝑖̂̇ − 𝑗̇̂ − 2𝑘̂) × 4𝑖̂̇

=
1

3
|

𝑖̂̇ 𝑗̇̂ 𝑘̂
2 −1 −2
4 0 0

| =
1

3
(−8𝑗̇̂ + 4𝑘̂)

Magnitude, |𝜆̂𝐴𝐹 × r𝐵/𝐴| =
1

3
√82 + 42  =  

1

3
√80 =

4

3
√5

Corresponding unit vector =  
𝜆̂𝐴𝐹×r𝐵/𝐴

|𝜆̂𝐴𝐹×r𝐵/𝐴|
 =  

1

3
(−8𝑗̂̇+4𝑘̂)

4

3
√5

=
1

√5
(−2𝑗̇̂ + 𝑘̂)

⇒ Tmin =
𝑇

√5
(−2𝑗̇̂ + 𝑘̂) (2) 

Eq. (1): 

𝑇

√5
(−2𝑗̇̂ + 𝑘̂) . [

1

3
(2𝑖̂̇ − 𝑗̇̂ − 2𝑘̂) × 4𝑖̂̇] = −160

⇒
𝑇

√5
(−2𝑗̇̂ + 𝑘̂) . 

1

3
(−8𝑗̇̂ + 4𝑘̂) = −160

⇒
𝑇

3√5
(16 + 4) = −160 

⇒ 𝑇 = −
3√5(160)

20
= 24√5 = 53.67 N 



Eq. (2): 

Tmin =
𝑇

√5
(−2𝑗̇̂ + 𝑘̂) = 24√5(−2𝑗̇̂ + 𝑘̂)

1

√5

⇒ Tmin = (−48 N) 𝑗̇̂ + (24 N)𝑘̂ 

Since Tmin has no 𝑖̂̇ component, wire BH  is parallel to the y-z plane.

Hence, 𝑥 = 4 m.  

From the diagram, 𝑦 = 8.00 m. 

So, the answers are the following. 

𝑥 = 4.00 m  

𝑦 = 8.00 m  

T𝑚𝑖𝑛 = 53.7 N 



Alternate Solution for Part (b) 

Eq. (1): 

𝜆̂𝐴𝐹  . (r𝐵/𝐴 × T) = −160 

𝑇 = 𝑇𝜆̂𝐵𝐻 

𝜆̂𝐵𝐻 =
𝐵𝐻

𝐵𝐻
=

(𝑥 − 4)𝑖̂ + 𝑦𝑗̂ − 4𝑘̂

[(𝑥 − 4)2 + 𝑦2 + 16]1 2⁄

1

3
|

2 −1 −2
4 0 0

𝑥 − 4 𝑦 −4
|

𝑇

[(𝑥 − 4)2 + 𝑦2 + 16]1 2⁄
= −160 

⇒ −
4

3
(4 + 2𝑦)

𝑇

[(𝑥 − 4)2 + 𝑦2 + 16]1 2⁄
= −160 

⇒ 𝑇 =
60[(𝑥 − 4)2 + 𝑦2 + 16]1 2⁄

(2 + 𝑦)

⇒ 𝑇2 =
3600[(𝑥 − 4)2 + 𝑦2 + 16]

(𝑦 + 2)2

= 3600 𝑓(𝑥, 𝑦) 

where 𝑓(𝑥, 𝑦) =
[(𝑥−4)2+𝑦2+16]

(𝑦+2)2

𝑓𝑥(𝑥, 𝑦) =
2(𝑥 − 4)

(𝑦 + 2)2

𝑓𝑥(𝑥, 𝑦) = 0

⇒
2(𝑥 − 4)

(𝑦 + 2)2
= 0 

⇒ 𝑥 − 4 = 0

⇒ 𝑥 = 4



𝑓𝑦(𝑥, 𝑦) =
2𝑦

(𝑦 + 2)2
−

2[(𝑥 − 4)2 + 𝑦2 + 16]

(𝑦 + 2)3

  =
2

(𝑦+2)3
[𝑦(𝑦 + 2) − {(𝑥 − 4)2 + 𝑦2 + 16}] 

  =
2

(𝑦+2)3
{2𝑦 − (𝑥 − 4)2 − 16} 

Putting 𝑓𝑦(𝑥, 𝑦) = 0

⇒  
2

(𝑦 + 2)3
{2𝑦 − (𝑥 − 4)2 − 16} = 0 

⇒ 2𝑦 − (𝑥 − 4)2 − 16 = 0

Putting 𝑥 = 4 gives 

𝑦 = 8 

Thus, the critical point is (4,8) 

Now, 𝑇 =
60[(𝑥−4)2+𝑦2+16]

1 2⁄

𝑦+2

∴  𝑇𝑚𝑖𝑛 =
60[(4 − 4)2 + 82 + 16]1 2⁄

8 + 2

⇒ 𝑇𝑚𝑖𝑛 = 53.76 𝑁

So, the answers are the following. 

𝑥 = 4.00 m  

𝑦 = 8.00 m  

T𝑚𝑖𝑛 = 53.7 N 



Confirmatory Test: 

Now, 𝑓𝑥𝑥(𝑥, 𝑦) =
2

(𝑦+2)2

Thus, 𝑓𝑥𝑥(4,8) =
2

102 = 0.02 

And 𝑓𝑦𝑦(𝑥, 𝑦) = −
6

(𝑦+2)4
{2𝑦 − (𝑥 − 4)2 − 16} +

2

(𝑦+2)3
(2) 

𝑓𝑦𝑦 (4,8) = 0 +
4

103
= 0.004 

Again, 𝑓𝑥𝑦(𝑥, 𝑦) = −
4(𝑥−4)

(𝑦+2)3

So, 𝑓𝑥𝑦(4,8) = 0

Now, 𝐷 = [𝑓𝑥𝑥 ∙ 𝑓𝑦𝑦 − 𝑓𝑥𝑦
2]

(4,8)

  = 0.02 × 0.004 − 0 

⇒ 𝐷 = 8 × 10−5  > 0

Also, 𝑓𝑥𝑥(4,8) > 0

Thus, T =  Tmin at (x, y) = (4,8) 



Figure 2. 

Question-2: 

Find out the support reactions and the forces in the members DF, CE & CF of 

the truss shown in Figure-1, with proper labels (tension or compression) using 

the methods of sections? 

Solution: 

From the entire structure, we find the reactions at A. 

∑ 𝑭𝒙:    𝐴𝑥 = 0

∑𝑴𝒊:  (200𝑘𝑁)(5𝑚) + (200𝑘𝑁)(10𝑚) + (200𝑘𝑁)(15𝑚) + (200𝑘𝑁)(20𝑚)

− 𝐴𝑦(20𝑚) = 0𝐴𝑦 = 500𝑘𝑁

Now we cut through 𝐷𝐹, 𝐶𝐹 𝑎𝑛𝑑 𝐶𝐸  and use the left section. 

∑𝑴𝒄:  (200𝑘𝑁)(5𝑚) − 𝐴𝑦(5𝑚) + 𝐴𝑥(3𝑚) − 𝐹𝐷𝐹(4𝑚) = 0

𝑭𝑫𝑭 = −375 𝑘𝑁

∑𝑴𝑭:  (200𝑘𝑁)(10𝑚) + (200𝑘𝑁)(5𝑚) − 𝐴𝑦(10𝑚) + 𝐴𝑥(7𝑚)

+ 
5

√26
𝐹𝐶𝐸(4𝑚) −

1

√26
𝐹𝐶𝐸(5𝑚) = 0  𝑭𝑪𝑬 = 680𝑘𝑁 



∑ 𝑭𝒙 :  𝐴𝑥 + 𝐹𝐷𝐹 + 
5

√26
𝐹𝐶𝐸

+ 
5

√41
𝐹𝐶𝐹 = 0

𝐹𝐶𝐹 = 374 𝑘𝑁



Question 3: 

For the beam ABC shown in Figure. 3 (The member DB is a two-

force member), answer the following questions: 

a) Mention the sign convention for shear force and bending moment

b) Find out the expressions of the shear force and bending moment as a function

of distance x considered from the support A

c) Draw the shear force and the bending moment diagrams. Find out the location

of maximum bending moment.

Figure 3 

SOLUTION 

a.) Sign Conventions 

Shear sign convention  



BMD sign convention 

 Sagging positive and Hogging negative 

b.)  SFD Functions: 



1) At 𝑥 = 0

SHEAR FORCE = − 11 𝑘𝑁 

2) For 0 < 𝑥 ≤ 2:

SHEAR FORCE = − 11 − 4𝑥 𝑘𝑁 

3) For 2 < 𝑥 ≤ 4:

SHEAR FORCE = − 15 𝑘𝑁 

BMD Functions: 

1) At 𝑥 = 0

BENDING MOMENT = 0 𝑘𝑁𝑚 

2) For 0 < 𝑥 ≤ 2:

BENDING MOMENT = − 11𝑥 − 2𝑥2 𝑘𝑁𝑚

3) For 2 < 𝑥 ≤ 4 (x measured from the right end):

BENDING MOMENT = − 15𝑥 𝑘𝑁𝑚 



c.)  To find maximum bending moment, we have to differentiate the BMD 

Function wrt x, and equate it to zero –  

𝑑

𝑑𝑥
(−11𝑥 − 2𝑥2) = 0  −11 − 4𝑥 = 0  x = −2.75 𝑚 

This means that the maxima lies outside the region of 0 < 𝑥 ≤ 2, and hence, the 

curve is steeply falling in this region. Thus, the maximum bending moment 

(absolute maximum, i.e. minimum in this context) will occur at the end of the 

region (𝑥 = 2) 

Maximum Bending Moment = −15 ∗ (2) =  −30 𝑘𝑁𝑚 
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