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1 Transformation of the velocity of a moving ball

In the inertial frame of reference K, a ball is moving along the y-axis with the speed u.
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Figure 1: The frame of reference K

A second frame of reference K ′ is moving along the negative x-axis of K.
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Figure 2: The frame of reference K ′

What will the speed of and direction of the ball be in K ′ ?
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Let E0 be the event when the ball is at the origin of K, and let E1 be the event when the ball is at the
y-axis a distance L from the origin in K.

The coordinates of event E0 in K are: t0 = 0, x0 = 0, y0 = 0
The coordinates of event E1 in K are: t1 = L

u , x1 = 0, y1 = L

1.1 Transformation according to SR

Transformed to K ′ the coordinates of event E0 are: t′0 = 0, x′0 = 0, y′0 = 0
Transformed to K ′ the coordinates of event E1 are:

t′1 =

(
t1 +

vx1

c2

)√(
1− v2

c2

) =
L
u√(

1− v2

c2

)
x′1 =

(x1 + vt1)√(
1− v2

c2

) =
v
uL√(
1− v2

c2

)
y′1 = y1 = L

The speed of the ball in K ′ will be:

w =

√
(x′1 − x′0)

2
+ (y′1 − y′0)

2

(t′1 − t′0)
=

√√√√√
 v

uL√(
1− v2

c2

)
2

+ L2

L
u√(

1− v2

c2

) =

√
u2 + v2 − u2v2

c2

Note that w → c when u− > c

The angle of the velocity in K ′ will be ϕ from vertical:

sinϕ =
(x′1 − x′0)√

(x′1 − x′0)
2
+ (y′1 − y′0)

2
=

v
uL√(
1− v2

c2

)√√√√√
 v

uL√(
1− v2

c2

)
2

+ L2

=
1√

1 + u2

v2 − u2

c2

ϕ = arcsin

 1√
1 + u2

v2 − u2

c2


Note that ϕ→ arcsin

(
v
c

)
when u→ c

1.2 Transformation according to Galilean relativity

Transformed to K ′ the coordinates of event E0 are: t′0 = 0, x′0 = 0, y′0 = 0
Transformed to K ′ the coordinates of event E1 are:

t′1 = t1 =
L

u

x′1 = x1 + vt1 =
v

u
L

y′1 = y1 = L
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The speed of the ball in K ′ will be:

w =

√
(x′1 − x′0)

2
+ (y′1 − y′0)

2

(t′1 − t′0)
=

√(
v
uL
)2

+ L2

L
u

=
√
u2 + v2

The angle of the velocity in K ′ will be ϕ from vertical:

tanϕ =
(x′1 − x′0)

(y′1 − y′0)
=

v
uL

L
=

v

u

ϕ = arctan
( v
u

)
Note that ϕ→ arctan

(
v
c

)
when u→ c
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