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Remark 14.6.2. Note that whereas in (14.6.3) the T i can independently be multiplied by
arbitrary non-zero real numbers in (14.6.4) this is not the case: they can only be multiplied
by the same real number.

So far we have nine equations and the unknowns and their counts are

Vi 6

R,T 6

R, T 6

The other nine equations, to make 18 unknowns and 18 equations, are obtained from
the fact that the vectors Vi project to certain known vectors in the three image planes. The
lengths of the Vi and of their projections are irrelevant. Note that we already know the
image of the tangent line in direction of the vector Vi passes through �i or �

1
i or �2

i so it is
only the directions which matter. The nine remaining equations are

[�i Vi vi] = 0; [R�1Vi �
1
i v1i ] = 0; [R�1

Vi �
2
i v2i ] = 0; i = 1, 2, 3 (14.6.5)

where the vectors are all written in coordinate systems C; C1; C2 respectively.

14.6.2 Are these equations equivalent to those in Section 14.5?

It does not seem obvious that the equations set up in §14.6.1 are equivalent to those we
used in Section 14.5. For instance, the three instances of the first equation in (14.6.3), for
i = 1, 2, 3, appear to say that T is perpendicular to three di↵erent vectors. What this
is really saying is that two of these equations say T is perpendicular to two independent
vectors but the third will then say that the three vectors �i ⇥R�

1
i are themselves linearly

dependent. What has this to do with the existence of numbers ⇢i as in Section 14.5?
Consider the equations (14.6.3) and (14.6.4) only for the moment. The relevant equations

from 14.5, transferred into the current notation, are

⇢i�i = R⇢1i�
1
i + T , ⇢i�i = R⇢2i�

2
i + T . (14.6.6)

Now it is clear that these equations imply (14.6.3) since they explicitly state dependence
relationships between the vectors involved. For (14.6.4), subtracting the equations in (14.6.6)
we get

R⇢1i�
1
i �R⇢2i�

2
i + T � T = 0,

which implies (14.6.4).
What about the converse? From (14.6.3) and (14.6.4) can we deduce (14.6.6) for suitable

values of the ⇢ constants? In fact the answer is ‘Yes’, and this can be seen as follows. We
start with the equations as above, relabelling them here for convenience.

[�i R�
1
i T ] = 0 (14.6.7)

[�i R�
2
i T ] = 0 (14.6.8)

[R�
1
i R�

2
i T � T ] = 0 (14.6.9)

From (14.6.7) we deduce1

⇢i�i � ⇢1iR�
1
i = T ,

1
There are obviously assumptions here about certain vectors not being parallel. We are taking

it that we can assume these ‘genericity conditions’. The textbooks tend to dwell also on the special

cases where this fails.
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