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STEP 2011, Paper 2, Q11 – Solution (3 pages; 12/6/18) 

(i) WLOG [without loss of generality] let |𝑃𝐵⃗⃗⃗⃗  ⃗| = 1 

Then  𝑃𝐵⃗⃗⃗⃗  ⃗ = 𝑐𝑜𝑠(𝐵𝑃𝑂)𝑘 + 𝑠𝑖𝑛(𝐵𝑃𝑂)𝑂�̂� 

where 𝑂�̂� is a unit vector in the direction of  𝑂𝐵⃗⃗ ⃗⃗  ⃗ 

= 𝑐𝑜𝑠(90° − 𝜃)𝑘 + 𝑠𝑖𝑛(90° − 𝜃)(𝑐𝑜𝑠(90° + 𝜃)𝑗 − sin(90° + 𝜃) 𝑖)  

= 𝑠𝑖𝑛𝜃𝑘 + 𝑐𝑜𝑠𝜃(−𝑠𝑖𝑛𝜃𝑗 − 𝑐𝑜𝑠𝜃𝑖)  

[noting that 𝑐𝑜𝑠(90° + 𝜃) is 𝑐𝑜𝑠𝜃 translated 90° to the left, and 

similarly for sin(90° + 𝜃)] 

= −(
1

√3
)
2
𝑖 − (

1

√3
) (

√2

√3
) 𝑗 +

√2

√3
𝑘  

[From 𝑡𝑎𝑛𝜃 = √2, we can create the Pythagorean triple 1, √2, √3 ] 

 

= −
1

3
𝑖 −

√2

3
𝑗 +

√2

√3
𝑘  

 

(ii) Similarly, taking |𝑃𝐴⃗⃗⃗⃗  ⃗| = 1, 

 𝑃𝐴⃗⃗⃗⃗  ⃗ = 𝑐𝑜𝑠(𝐴𝑃𝑂)𝑘 + 𝑠𝑖𝑛(APO)𝑗 

= 𝑐𝑜𝑠(30°)𝑘 + 𝑠𝑖𝑛(30°)𝑗  

=
1

2
𝑗 +

√3

2
𝑘  

And taking |𝑃𝐶⃗⃗⃗⃗  ⃗| = 1, 

 𝑃𝐶⃗⃗⃗⃗  ⃗ = 𝑐𝑜𝑠(𝐶𝑃𝑂)𝑘 + 𝑠𝑖𝑛(CPO)𝑂�̂� 

where 𝑂�̂� is a unit vector in the direction of  𝑂𝐶⃗⃗⃗⃗  ⃗ 
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= 𝑐𝑜𝑠(60°)𝑘 + 𝑠𝑖𝑛(60°)(𝑐𝑜𝑠𝜙𝑖 − 𝑠𝑖𝑛𝜙𝑗)  

= (
√3

2
) (

4

3√2
) 𝑖 − (

√3

2
) (

1

3
) 𝑗 +

1

2
𝑘  

= (
√6

3
) 𝑖 − (

√3

6
) 𝑗 +

1

2
𝑘  

Then the forces acting on 𝑃 are: 

−𝑊𝑘   

U(−
1

3
𝑖 −

√2

3
𝑗 +

√2

√3
𝑘)  

𝑇(
1

2
𝑗 +

√3

2
𝑘)  

and  𝑉((
√6

3
) 𝑖 − (

√3

6
) 𝑗 +

1

2
𝑘) 

 

(iii) As 𝑃 is in equilibrium, the net force on it is zero. 

Resolving in the 𝑖 direction, 

−
𝑈

3
+

𝑉√6

3
= 0 ⇒ 𝑈 = √6𝑉,   as required. 

Resolving in the 𝑗 direction, 

−
𝑈√2

3
+

𝑇

2
−

𝑉√3

6
= 0  

so that  3𝑇 = 2𝑈√2 + 𝑉√3 = 𝑉(2√12 + √3) = 5√3𝑉 

Resolving in the 𝑘 direction, 

−𝑊 +
𝑈√2

√3
+

𝑇√3

2
−

𝑉

2
= 0  

 so that  −𝑊 +
𝑉√12

√3
+

5𝑉

2
+

𝑉

2
= 0 
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and  −𝑊 + 5𝑉 = 0 

Thus  𝑉 =
𝑊

5
  , 𝑈 =

√6𝑊

5
  , 𝑇 =

5√3𝑊

15
=

√3𝑊

3
 

 

 


