
Question

The unit vector n̂ is along the bisector of the angle between the two unit
vectors d̂ and d̂′. Show that

2(n̂ · d̂)n̂ = d̂+ d̂′.

Hence prove that a ray of light emerges parallel to itself after successive
reflections in each of three mutually perpendicular mirrors.

Answer

-©©
©©

©©

HHHHHHr

r

r

r

r

r

s

P
n̂

A

B

d̂

d̂′

P is the mid point of AB So (n · d)n̂ =
d+ d′

2
⇒ 2(n · d)n̂ = d + d′

¡
¡

¡
¡

©©¼d1

6
n1

A
A
A
A
A
A
AA

A
A
A
A
AAK

d2

-
n2

³³
³³

³³

³³³1d3

¾n3
¡
¡
µd4

d2 + (−d1) = 2(n1 · d2)n1 (1)

d3 + (−d2) = 2(n1 · d3)n2 (2)

d4 + (−d3) = 2(n3 · d4)n3 (3)

Adding (1), (2), (3)

d4 − d1 = 2(n1 · d2)n1 + 2(n2 · d3)n2 + 2(n3 · d4)n3 (4)
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From (3) n2 · d4 − n2 · d3 = 0 since n2 · n3 = 0
From (2) n1 · d3 − n1 · d2 = 0
From(3) n1 · d4 − n1 · d3 = 0 So n1 · d4 = n1 · d2

So (4) becomes

d4 − d1 = 2(n1 · d4)N − 1 + 2(n2 · d4)n2 + 2(n3 · d4)n3 = 2d4

So
d4 = −d1
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