
























STEP I/2011/9

The trajectory is y = B x − Ax2 for some B, A

Since dy
dx = tanθ at x = 0, B = tanθ, and so

d2 = tanθd1 − Ad 2
1 [1]

d1 = tanθd2 − Ad 2
2 [2]

Eliminating A, d 3
2 − tanθd1d 2

2 = d 3
1 − tanθd 2

1 d2

So tanθ = d 2
1+d1d2+d 2

2
d1d2

Range = tanθ
A

[1] and [2] =⇒ A = (d1−d2)(tanθ+1)
d 2

1−d 2
2

= tanθ+1
d1+d2

tanθ+1 = (d1+d2)2

d1d2
, so A = (d1+d2)

d1d2

Range = tanθ
A = d 2

1+d1d2+d 2
2

d1+d2

1
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Peg smooth =⇒ tension T is the same on both parts of the string, otherwise
the string would slip on the peg.

Moments around P =⇒ G is vertically below P, so that the line of action of
the weight passes through P, otherwise the rod would rotate around P

Resolving forces horizontally =⇒ the two angles marked θ are equal, or else
the rod would move sideways

Moments around G =⇒ 4 sin β = 3 sin α
cos β = 4

5
=⇒ sin β = 3

5
=⇒ sinα = 4

5

So α and β are as shown below, and 2θ = π
2

In the right-angle triangle BPA, AP = 7 sin β and BP = 7 sin α
So AP = 21

5
, BP = 28

5
, length of string = 49

5

Angle between rod and horizontal = π
2
− (3π

4
− α) = α− π

4

so tan (angle) = tanα−tan π
4

1+tanα tan π
4
=

4
3
−1

1+ 4
3

= 1
7
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