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STEP 2019, P1, Q9 - Solution (3 pages; 2/7/20)  

[To make any progress with this question, it has to be assumed 

that the ladder extends beyond the edge of the box (as shown in 

the diagram below). This isn't entirely obvious from the wording 

of the question. Generally, the angrier the examiner's comments 

are, the more ambiguous is the question!] 

(i) Fig. 1 shows the set-up, Fig. 2 is the force diagram for the box, 

and Fig. 3 is the force diagram for the ladder. 

Note that, as ℎ = 𝑏𝑡𝑎𝑛𝛼, 𝑡𝑎𝑛𝛼 =
ℎ

𝑏
 , so that the base of the ladder 

is a distance 𝑏 from the box. 

Also, the force exerted by the ladder on the box is also 𝑅, by N3L. 

 

 

 

 

 

 

Fig. 1 

 

 

 

 

 

 

Fig. 2                                                               Fig. 3 
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The ladder is in rotational equilibrium, and so taking moments 

about 𝐵 gives: 

−𝑅𝑐𝑜𝑠𝜃. ℎ − 𝑅𝑠𝑖𝑛𝜃. 𝑏 + 𝑘𝑊.
𝜆ℎ

𝑡𝑎𝑛𝛼
= 0  (1) 

And 𝑡𝑎𝑛𝜃 =
𝑏

ℎ
 , so that (1) ⇒ 

𝑅 =
𝑘𝜆𝑊𝑏

𝑐𝑜𝑠𝜃.ℎ+𝑠𝑖𝑛𝜃.𝑏
  (as ℎ = 𝑏𝑡𝑎𝑛𝛼) 

=
𝑘𝜆𝑊𝑏𝑐𝑜𝑠𝛼

𝑐𝑜𝑠𝜃.𝑏𝑠𝑖𝑛𝛼+𝑠𝑖𝑛𝜃.𝑏𝑐𝑜𝑠𝛼
  

=
𝑘𝜆𝑊𝑐𝑜𝑠𝛼

sin⁡(𝜃+𝛼)
  

= 𝑘𝜆𝑊𝑐𝑜𝑠𝛼  (as 𝜃 + 𝛼 = 90°), as required. 

 

(ii) As the box is about to topple (about 𝐴), the normal reaction at 

the base acts at 𝐴. There is still rotational equilibrium, and so 

taking moments about 𝐴 gives: 

𝑅𝑐𝑜𝑠𝜃. ℎ − 𝑅𝑠𝑖𝑛𝜃. 𝑏 −𝑊 (
𝑏

2
) = 0  

⇒ 𝑘𝜆𝑊𝑐𝑜𝑠𝛼(𝑐𝑜𝑠𝜃. 𝑏𝑡𝑎𝑛𝛼 − 𝑠𝑖𝑛𝜃. 𝑏) −𝑊 (
𝑏

2
) = 0  , from (i) 

⇒ 𝑘𝜆𝑐𝑜𝑠𝛼(𝑐𝑜𝑠𝜃. 𝑡𝑎𝑛𝛼 − 𝑠𝑖𝑛𝜃) −
1

2
= 0    

⇒ 2𝑘𝜆(𝑐𝑜𝑠𝛼𝑠𝑖𝑛𝜃 − 𝑐𝑜𝑠𝜃𝑠𝑖𝑛𝛼) + 1 = 0⁡⁡ (2) 

Now 𝑐𝑜𝑠𝜃 = 𝑠𝑖𝑛𝛼  and  𝑠𝑖𝑛𝜃 = 𝑐𝑜𝑠𝛼, 

so that (2) ⇒ 2𝑘𝜆(𝑐𝑜𝑠2𝛼 − 𝑠𝑖𝑛2𝛼) + 1 = 0 

⇒ 2𝑘𝜆𝑐𝑜𝑠2𝛼 + 1 = 0 , as required. 
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(iii) Given that the box doesn't slip, 𝐹1 ≤ 𝜇𝑁1 

Resolving horiz. and vert.,  

𝐹1 = 𝑅𝑐𝑜𝑠𝜃⁡⁡&⁡⁡𝑁1 = 𝑊 + 𝑅𝑠𝑖𝑛𝜃⁡  

Then  𝜇 ≥
𝑅𝑐𝑜𝑠𝜃

𝑊+𝑅𝑠𝑖𝑛𝜃
=

𝑘𝜆𝑊𝑐𝑜𝑠𝛼𝑐𝑜𝑠𝜃

𝑊+𝑘𝜆𝑊𝑐𝑜𝑠𝛼𝑠𝑖𝑛𝜃
 , from (i) 

=
𝑐𝑜𝑠𝛼𝑠𝑖𝑛𝛼

1

𝑘𝜆
+𝑐𝑜𝑠𝛼𝑐𝑜𝑠𝛼

  

=
1

2
𝑠𝑖𝑛2𝛼

−2𝑐𝑜𝑠2𝛼+
1

2
(1+𝑐𝑜𝑠2𝛼)

  , from (ii) 

=
𝑠𝑖𝑛2𝛼

−4𝑐𝑜𝑠2𝛼+1+𝑐𝑜𝑠2𝛼
=

𝑠𝑖𝑛2𝛼

1−3𝑐𝑜𝑠2𝛼
 , as required. 

 

 


