
VECTORS AS APPLIED TO PROBLEMS IN VELOCITY.

Integrate

I uvdx — u vdx - | T vdxidx ....(2)
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which is the usual formula.

If, however, in (1) ulvdx be a constant its differential co-
efficient is zero, and on integration in (2) it remains zero. In other
words the formula for integration by parts no longer holds true, if
the parts be so chosen, that the first term of the result, which is
usually memorised as "the one part into the integral of the other,"
is a constant. This exception is not noted in the text-books; and
the error to which it gives rise is not in all cases so evident, as in
the example chosen above.

J. R. MILNE.

Vectors as applied to Problems in Velocity. —
A velocity is a vector quantity, for it possesses magnitude and
direction. I t is, of course, necessary to make clear in every case
what given point (moving or not) is considered as fixed for the
time being, to which the velocity of the moving point (so-called,
though it may only be relatively moving) is referred.

If P is the point considered fixed, and the point Q is moving
relatively to P, we may denote the velocity of Q relative to P by
the symbol "VQ/P.

The velocity of P relative to Q will be expressed by VP/Q.
Obviously Vp/Q = — VQ/P.

In kinematics two kinds of problem present themselves. In
the first and simplest it is required to find the resultant of a number
of mutually independent velocities, all of which are referred to the
same fixed point, usually the Earth.

Suppose we have n velocities, each referred to the same point E,
viz., Va/B, V2/K, •• i Vre/E. Then if V0/E represents the resultant
velocity we have V0/B = VI/E + V2/B + • • • + VM/B, the summation
being carried out by the method of the Vector Polygon.

Such problems are so simple that they hardly demand any
special notation. But let us now consider the case when the
velocities involved are mutually dependent.
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MATHEMATICAL NOTES.

Example 1. A boat (B) is heading at right angles to the current
(0) of a river with a velocity of 8 miles an hour. The current is
flowing at the rate of 4 miles an hour. Find the resultant velocity
of the boat. Denoting the Earth by E, we have VB/C = 8, Vc/B = 4 ;
and we have to find VB/E. Draw (and note the letters used) BO, CE

C

B/C B/E

Fig. 1.

to represent VB/C> VC/B in magnitude and direction.
represents VB/E in magnitude and direction.

We have therefore the important theorem

Then BE

which may be extended indefinitely. Thus

VA/X = VA/B + VB,c + • • •

Example 2. Two trains, A and B, are moving with given
velocities in given directions. Find the apparent velocity of A as
seen from B. We have VA/B = VA/E + VB/B-

Now VE/B = - VB/E or = VB/E reversed, and is therefore
known.
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Draw AE, EB to represent VA/E, "VB/B (i.e. VB/B reversed),
in magnitude and direction.

B

Then AB represents VA/B iQ magnitude and direction.
This method seems in some ways better than the application to

both A and B of a velocity equal and opposite to that of B. In
particular it has the advantage that by it problems involving both
resultants and relative velocities can be solved at once, instead of
having to be dealt with step by step.

Example 3. Bain (R), which is falling with a vertical velocity
20, is carried to the left by the wind (W) with a velocity 10. A
man (M) walks to the right with a velocity 8. Find the velocity
and direction with which the rain would strike him.

HereVE/w=20, V W / B = 1 0 , VM/E = 8.

Now VB/M = VR/W + Vw/B + VE/M

= VR/W + Vw/E + VM/B reversed.

Draw RW, "WE, EM to represent in magnitude and direction
VR/WI VW/EI VE/M- ^ n e n RM represents in magnitude and direction
the velocity of the rain relative to the man.
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Fig. 3.

Notice that, though we did not set out to find it, we have
found VR/E. which is completely represented by RE. Thus the
advantage of the notation employed for the ends of the vectors, as
well as for the vectors themselves, will be seen.

STANLEY V. BOXEB.
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