Relativistic Energy

Bowling Ball:
» m = 8kg
» v =10m/s
Classical Kinetic Energy:
Kcl =7
Relativistic Energy:
E=7

Relativistic Kinetic Energy:

Kiq =7



Relativistic Energy

Bowling Ball (m = 8kg v = 10m/s):

Classical Kinetic Energy:

1 1
Ko = imv2 =5 x8x 10% = 400 J
Relativistic Energy:
mc?
E = ——————=— = 720000000000000400.00000000000033 J
V1—v2/c?
Relativistic Rest Energy:
mc? 2 812
E= ﬁ = mc® = 8% (3x10%)° = 720000000000000000 J
- /e

Relativistic Kinetic Energy:

m02

V1—v%/c?

Kia=F—-FEy= — me? = 400.00000000000033 J



Binomial expansion

n(n—1 nin—1)(n — 2
(I+e)"=1+ne+ (2' )62+ ( 3)'( )63—1—

For e < 1:
(I1+€)"~1+ne

Examples:

(1.02)% = (1 +0.02)% ~ ?

Vitrz=0042)2~7
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1—=x

~7?




Binomial expansion

n(n —1) n(n—1)(n —2)
(14" =1+ne+ — e+ - -
For e < 1:
(1+€)"~1+ne
Examples:

(1.02)3 = (14 0.02)3 ~1+3x 0.02 = 1.06

1
\/1+w:(1+1‘)1/2:1+§x

L (- [1 + <—%> (—w)] =1+ %x

1—=x




Expansions in relativity calculations

1 _ (4 v2 —1/2 1+1212
V1—v2/c? B c? N 2¢?

Relativistic Energy:



Relativistic energy /momentum for elementary particles

Proton:
> mass: m = 938 MeV/c?
» speed: u = 0.8¢

Relativistic Rest Energy:

2

me
Erest = ——— = 938 MeV/c? x ¢ = 938 MeV
SV /
Relativistic Energy:
2
o mc _ 938 MeV 1563 MeV
1— (&)2 0.6

Relativistic Kinetic Energy:

K =F — Est = 1563 MeV — 938 MeV = 625 MeV



Proton Energy as a Function of Speed
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