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Special relativity (SR) states that time passes more slowly for a moving object than for a stationary
object and observable slower when its speed is close to the speed of light ¢ (= 3 x 10® m sec™).
The SR formula for determining time dilation is

AT = AToN(1 =v*/?) ... (1)

where ATy is the time interval measured by a stationary observer (usually the Earth’s observer),
AT is the dilated time interval of the object moving at a speed v relative to this observer and 1/3(1
—v?%/c?) is the time dilation or Lorentz factor, v.

We will perform the following thought experiment: a spaceship, denoted as S, that travels into
space at a speed v relative to the Earth’s space station, monitoring this ship, denoted as E. If their
clocks were before the flight synchronized, then the corresponding times can be expressed as

Ts/Te = N(1sec)s/N(1sec)e = (1sec)s/(1sec)e

where N is a rational number and (1sec)s and (1sec)g are the corresponding SI time units. Using
eqn. (1) we find that

(1sec)s/(1sec)e = AT/ATo = 1/N(1 — v¥/c?)
or
Ts/Te = 1N(1 —v*/c?)

after the rearrangement, we find

Ts=TeN(1 —v¥?) ... (2).
In general, this equation can be written as

T=ToN(1 =v¥?) ... (3).
Suppose now that v/c = 0.87. Introducing into this equation this value for v/c and after some
algebra, we get

Ts~ 2Tk.

So, Ts = yTE where 7 is a rational number and larger than 1 (or > 1). If v — ¢ than y — o and Ts

—>00,

SR reveals that length (or space) becomes contracted in the direction of motion, especially if its v
approaches c. This length (or space) contraction is defined by the equation

L=LoV(1 —v¥%c?) ... (%)
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where Ly is the length of the moving object at rest and L is its contracted length. The length
contraction, for this case, is defined by the equation

Le =LsV(1 —v¥?) ... (5)

where Lg is the length of the spaceship in a stationary frame, usually on Earth, and Ls is the
observed length. The length contraction is not a consequence of this object compression but a
compression of the very spacetime.

Ifv = 0.87¢ then
Ls=0.5 Lk.

Now we state that Le = 1/yLs, where 1/y [= V(1 — v%/c?)] is a rational number but smaller than 1 (or
<1).Ifv — cthan 1/y — 0 and Lg — 0. It means that the length of the spaceship tends to 0.

Combining eqns. (2) and (5), we have

TsLs = TeLg = constantsg.
In general, combining eqns. (3) and (4), we get

TL = ToLo = constantrr.
SR predicts that total energy increases as v approaches c. In this case, we write
Es = EEN(1 —v¥c?) ... (6)
with Ee = moc?, where my is the spaceship’s rest mass.
Ifv = 0.87c¢ then
Es ~ 2EE.

Now we state that Es= yEg. If v — ¢ then y — o0 and Es — o0.
Multiplying egns. (5) and (6), we get

EsLs = EgLg = constantgr.

Premovi¢ [1] derived the energy (AE)-position (AX) uncertainty expression for a non-relativistic
particle from the Heisenberg uncertainty principle. This expression is

AEAX < hic (the energy-position uncertainty)

where 7 is the reduced Planck constant and c is the speed of light. If AE — oo than Ax — 0 and
vice versa. Similarly, if Es — oo then Lg — 0, and vice versa. This is no mere coincidence because
E and AE, and L and Ax are physical quantities of the same nature. Thus, we suggest that for a
non-relativistic! spaceship

EsLs = EgLg </ic =3 x 102° J m.
In general, SR defines the total energy of the moving object as

E = moc®N(1 = v¥/c?)

! Physicists define a non-relativistic object as one whose speed v is much less than the speed of light, ¢, or v << c.
They usually assume that v < 0.1¢ or v < 30,000 km sec™.



where moc? is its rest energy, Eo. So, this equation can be written as follows
E = Eo/N(1 — v¥/c?).
Multiplying this equation and eqn. (4), we have
EL = EoLo = constant
For a non-relativistic object (see above), we can write

EL=FE¢jLo<hc~3x102°Jm.
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