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Aula 6
Capítulo 3 

Seção de choque de interação



Decaimento em dois corpos 

visto no sistema do centro de massa

No centro 
de massa !



Seção de Choque

a + b ! 1 + 2
<latexit sha1_base64="Ya7pSTbP/QIFx8Uu4henpvICdKU="></latexit><latexit sha1_base64="Ya7pSTbP/QIFx8Uu4henpvICdKU="></latexit><latexit sha1_base64="Ya7pSTbP/QIFx8Uu4henpvICdKU="></latexit><latexit sha1_base64="Ya7pSTbP/QIFx8Uu4henpvICdKU="></latexit>

Fórmula geral



Trabalhando com 4-vetores, espaço de fase, integrais, etc... 



Espalhamento no Sistema do Centro de Massa 

A seção de choque pode ser calculada em qualquer sistema de referência 

No CM: 

Pode ser escrita como:



Vamos usar da aula passada e lembrar que ma =
p
s

<latexit sha1_base64="1guUgzOcp8QMAG/xi17bHJWApIE="></latexit><latexit sha1_base64="1guUgzOcp8QMAG/xi17bHJWApIE="></latexit><latexit sha1_base64="1guUgzOcp8QMAG/xi17bHJWApIE="></latexit><latexit sha1_base64="1guUgzOcp8QMAG/xi17bHJWApIE="></latexit>



Seção de Choque Diferencial 

(esp. elástico)

(esp. inelástico)

Seção de choque diferencial : 

Seção de choque total : 

X
<latexit sha1_base64="J05n7+IGHa1heyxJW1mnVP5EStU="></latexit><latexit sha1_base64="J05n7+IGHa1heyxJW1mnVP5EStU="></latexit><latexit sha1_base64="J05n7+IGHa1heyxJW1mnVP5EStU="></latexit><latexit sha1_base64="J05n7+IGHa1heyxJW1mnVP5EStU="></latexit>



Sistema do Centro de Massa 

”Desintegrando” a equação acima: 



Vamos reescrever em termos da variável t :

d(cos✓⇤) = dt/(2p⇤1p
⇤
3)

<latexit sha1_base64="vrqRgoySMTiEBecOErF0JMJ+EG4="></latexit><latexit sha1_base64="vrqRgoySMTiEBecOErF0JMJ+EG4="></latexit><latexit sha1_base64="vrqRgoySMTiEBecOErF0JMJ+EG4="></latexit><latexit sha1_base64="vrqRgoySMTiEBecOErF0JMJ+EG4="></latexit>

=
dtd�⇤

2p⇤i p
⇤
f

<latexit sha1_base64="Q7wnZzRIYkCQDvH9yCN1UnjzuXI="></latexit><latexit sha1_base64="Q7wnZzRIYkCQDvH9yCN1UnjzuXI="></latexit><latexit sha1_base64="Q7wnZzRIYkCQDvH9yCN1UnjzuXI="></latexit><latexit sha1_base64="Q7wnZzRIYkCQDvH9yCN1UnjzuXI="></latexit>

(p⇤1 = p⇤i , p
⇤
3 = p⇤f )

<latexit sha1_base64="eCoSVZ7QzFZyHVBe2YfqsHqiU5A="></latexit><latexit sha1_base64="eCoSVZ7QzFZyHVBe2YfqsHqiU5A="></latexit><latexit sha1_base64="eCoSVZ7QzFZyHVBe2YfqsHqiU5A="></latexit><latexit sha1_base64="eCoSVZ7QzFZyHVBe2YfqsHqiU5A="></latexit>

Assumindo simetria azimutal integramos em  



Sistema do Laboratório 

m2 >> m1
<latexit sha1_base64="nHsKg02L4tYiHOZp7heORvoUY5w="></latexit><latexit sha1_base64="nHsKg02L4tYiHOZp7heORvoUY5w="></latexit><latexit sha1_base64="nHsKg02L4tYiHOZp7heORvoUY5w="></latexit><latexit sha1_base64="nHsKg02L4tYiHOZp7heORvoUY5w="></latexit>

mp >> me
<latexit sha1_base64="CD9N/Jov9p29A2Wi26NoLZuAiaQ="></latexit><latexit sha1_base64="CD9N/Jov9p29A2Wi26NoLZuAiaQ="></latexit><latexit sha1_base64="CD9N/Jov9p29A2Wi26NoLZuAiaQ="></latexit><latexit sha1_base64="CD9N/Jov9p29A2Wi26NoLZuAiaQ="></latexit>

t = (p1 � p3)
2 = p21 + p23 � 2p1.p3 ' �2 (E1E3 � E1E3 cos✓)

<latexit sha1_base64="LmWJGLWPAE+bOGJw5c0VblNxeHo="></latexit><latexit sha1_base64="LmWJGLWPAE+bOGJw5c0VblNxeHo="></latexit><latexit sha1_base64="LmWJGLWPAE+bOGJw5c0VblNxeHo="></latexit><latexit sha1_base64="LmWJGLWPAE+bOGJw5c0VblNxeHo="></latexit>



dt = 2mp dE3
<latexit sha1_base64="ArY+xnqEtge8sZMRAEpaGD14Z5M="></latexit><latexit sha1_base64="ArY+xnqEtge8sZMRAEpaGD14Z5M="></latexit><latexit sha1_base64="ArY+xnqEtge8sZMRAEpaGD14Z5M="></latexit><latexit sha1_base64="ArY+xnqEtge8sZMRAEpaGD14Z5M="></latexit>





Exercícios



2.8) Pµ =
X

i

pµi
<latexit sha1_base64="mIAdyAjfN770XiQAtFPuTbiEwTs="></latexit><latexit sha1_base64="mIAdyAjfN770XiQAtFPuTbiEwTs="></latexit><latexit sha1_base64="mIAdyAjfN770XiQAtFPuTbiEwTs="></latexit><latexit sha1_base64="mIAdyAjfN770XiQAtFPuTbiEwTs="></latexit>

PµPµ
<latexit sha1_base64="49hReb7IMlK8m9xuuqDjARKixrM="></latexit><latexit sha1_base64="49hReb7IMlK8m9xuuqDjARKixrM="></latexit><latexit sha1_base64="49hReb7IMlK8m9xuuqDjARKixrM="></latexit><latexit sha1_base64="49hReb7IMlK8m9xuuqDjARKixrM="></latexit>

é invariante PµPµ = P 0µP 0
µ

<latexit sha1_base64="ArezpKh9/A/2gpbWvYvelOfThpo="></latexit><latexit sha1_base64="ArezpKh9/A/2gpbWvYvelOfThpo="></latexit><latexit sha1_base64="ArezpKh9/A/2gpbWvYvelOfThpo="></latexit><latexit sha1_base64="ArezpKh9/A/2gpbWvYvelOfThpo="></latexit>

Lab CM

Conservação de energia e momento :

Pµ
a Pµa = Pµ

d Pµd
<latexit sha1_base64="5kcof7gRObfYFnN6enHgPoj5idM="></latexit><latexit sha1_base64="5kcof7gRObfYFnN6enHgPoj5idM="></latexit><latexit sha1_base64="5kcof7gRObfYFnN6enHgPoj5idM="></latexit><latexit sha1_base64="5kcof7gRObfYFnN6enHgPoj5idM="></latexit>

Pµ
a = Pµ

d
<latexit sha1_base64="8a6Nxo2xfDeiKIQh3G6c4Ab3Y2E="></latexit><latexit sha1_base64="8a6Nxo2xfDeiKIQh3G6c4Ab3Y2E="></latexit><latexit sha1_base64="8a6Nxo2xfDeiKIQh3G6c4Ab3Y2E="></latexit><latexit sha1_base64="8a6Nxo2xfDeiKIQh3G6c4Ab3Y2E="></latexit>

P 0µ
a = P 0µ

d
<latexit sha1_base64="piXpnzpkZlUeDlkI/t2w7eBqE7k="></latexit><latexit sha1_base64="piXpnzpkZlUeDlkI/t2w7eBqE7k="></latexit><latexit sha1_base64="piXpnzpkZlUeDlkI/t2w7eBqE7k="></latexit><latexit sha1_base64="piXpnzpkZlUeDlkI/t2w7eBqE7k="></latexit>

Pµ
a Pµa = P 0µ

d P 0
µd

<latexit sha1_base64="EdGhORQnOd2nL0vXqyCEIMbwnmE="></latexit><latexit sha1_base64="EdGhORQnOd2nL0vXqyCEIMbwnmE="></latexit><latexit sha1_base64="EdGhORQnOd2nL0vXqyCEIMbwnmE="></latexit><latexit sha1_base64="EdGhORQnOd2nL0vXqyCEIMbwnmE="></latexit>

Antes no Lab = Depois no CM : 

Antes no Lab:

(E, ~p)
<latexit sha1_base64="efdUUjUY2l3T4OhLOiZfr1x+ewo="></latexit><latexit sha1_base64="efdUUjUY2l3T4OhLOiZfr1x+ewo="></latexit><latexit sha1_base64="efdUUjUY2l3T4OhLOiZfr1x+ewo="></latexit><latexit sha1_base64="efdUUjUY2l3T4OhLOiZfr1x+ewo="></latexit>

(m, 0)
<latexit sha1_base64="CfhX/ExeSSDjj0M6b1FNaRKfSsc="></latexit><latexit sha1_base64="CfhX/ExeSSDjj0M6b1FNaRKfSsc="></latexit><latexit sha1_base64="CfhX/ExeSSDjj0M6b1FNaRKfSsc="></latexit><latexit sha1_base64="CfhX/ExeSSDjj0M6b1FNaRKfSsc="></latexit>

Pµ = (E +m, ~p)
<latexit sha1_base64="tYOeVNixyUbHLbIcwwudHSEpFxE="></latexit><latexit sha1_base64="tYOeVNixyUbHLbIcwwudHSEpFxE="></latexit><latexit sha1_base64="tYOeVNixyUbHLbIcwwudHSEpFxE="></latexit><latexit sha1_base64="tYOeVNixyUbHLbIcwwudHSEpFxE="></latexit>

PµPµ = (E +m)2 � p2
<latexit sha1_base64="E6ROJ6gXIYnavpfiaWh/IAxbkQs="></latexit><latexit sha1_base64="E6ROJ6gXIYnavpfiaWh/IAxbkQs="></latexit><latexit sha1_base64="E6ROJ6gXIYnavpfiaWh/IAxbkQs="></latexit><latexit sha1_base64="E6ROJ6gXIYnavpfiaWh/IAxbkQs="></latexit>

Depois no 
CM:

P 0µ = (4m, 0)
<latexit sha1_base64="8WpXmLCJAmrd9lkmqv3n25GLRzY="></latexit><latexit sha1_base64="8WpXmLCJAmrd9lkmqv3n25GLRzY="></latexit><latexit sha1_base64="8WpXmLCJAmrd9lkmqv3n25GLRzY="></latexit><latexit sha1_base64="8WpXmLCJAmrd9lkmqv3n25GLRzY="></latexit>

(E +m)2 � p2 = 16m2
<latexit sha1_base64="5ESt3ZJwSL0UmRJwdIXDyWJCLU8="></latexit><latexit sha1_base64="5ESt3ZJwSL0UmRJwdIXDyWJCLU8="></latexit><latexit sha1_base64="5ESt3ZJwSL0UmRJwdIXDyWJCLU8="></latexit><latexit sha1_base64="5ESt3ZJwSL0UmRJwdIXDyWJCLU8="></latexit>

E2 = p2 +m2
<latexit sha1_base64="cUuhc5KrYlyYo7hKROpiYdg/CP8="></latexit><latexit sha1_base64="cUuhc5KrYlyYo7hKROpiYdg/CP8="></latexit><latexit sha1_base64="cUuhc5KrYlyYo7hKROpiYdg/CP8="></latexit><latexit sha1_base64="cUuhc5KrYlyYo7hKROpiYdg/CP8="></latexit>

E = 7m
<latexit sha1_base64="QfBf3NLIqD1uawGdyZgtmNJLwDs="></latexit><latexit sha1_base64="QfBf3NLIqD1uawGdyZgtmNJLwDs="></latexit><latexit sha1_base64="QfBf3NLIqD1uawGdyZgtmNJLwDs="></latexit><latexit sha1_base64="QfBf3NLIqD1uawGdyZgtmNJLwDs="></latexit>

P 0µP 0
µ = 16m2

<latexit sha1_base64="11E8Xmpoa6b+d+SCEq99amLQ5mU="></latexit><latexit sha1_base64="11E8Xmpoa6b+d+SCEq99amLQ5mU="></latexit><latexit sha1_base64="11E8Xmpoa6b+d+SCEq99amLQ5mU="></latexit><latexit sha1_base64="11E8Xmpoa6b+d+SCEq99amLQ5mU="></latexit>



Elétron Próton

pµe = (Ee, ~pe)
<latexit sha1_base64="MUYPpBSRKh0U1PRZFPV+QqFHHS4="></latexit><latexit sha1_base64="MUYPpBSRKh0U1PRZFPV+QqFHHS4="></latexit><latexit sha1_base64="MUYPpBSRKh0U1PRZFPV+QqFHHS4="></latexit><latexit sha1_base64="MUYPpBSRKh0U1PRZFPV+QqFHHS4="></latexit>

pµp = (Ep, ~pp)
<latexit sha1_base64="86fVazOzl7ZTwdDEHYrTEqdQRGk="></latexit><latexit sha1_base64="86fVazOzl7ZTwdDEHYrTEqdQRGk="></latexit><latexit sha1_base64="86fVazOzl7ZTwdDEHYrTEqdQRGk="></latexit><latexit sha1_base64="86fVazOzl7ZTwdDEHYrTEqdQRGk="></latexit>

Pµ = pµe + pµp
<latexit sha1_base64="LG7Dp15ifhXJ3nc4NUu3N8qa7VU="></latexit><latexit sha1_base64="LG7Dp15ifhXJ3nc4NUu3N8qa7VU="></latexit><latexit sha1_base64="LG7Dp15ifhXJ3nc4NUu3N8qa7VU="></latexit><latexit sha1_base64="LG7Dp15ifhXJ3nc4NUu3N8qa7VU="></latexit>

= (Ee, ~pe) + (Ep, ~pp) = (Ee + Ep, ~pe + ~pp)
<latexit sha1_base64="At9Dr05QH/Bf7G7kPBBSxbkT4RM="></latexit><latexit sha1_base64="At9Dr05QH/Bf7G7kPBBSxbkT4RM="></latexit><latexit sha1_base64="At9Dr05QH/Bf7G7kPBBSxbkT4RM="></latexit><latexit sha1_base64="At9Dr05QH/Bf7G7kPBBSxbkT4RM="></latexit>

Pµ = (Ee + Ep, ~pe + ~pp)
<latexit sha1_base64="1832fuc5umgc0xdHFS4r7Xzt9x0="></latexit><latexit sha1_base64="1832fuc5umgc0xdHFS4r7Xzt9x0="></latexit><latexit sha1_base64="1832fuc5umgc0xdHFS4r7Xzt9x0="></latexit><latexit sha1_base64="1832fuc5umgc0xdHFS4r7Xzt9x0="></latexit>

Laboratório

P 0µ = (E0
e + E0

p, 0)
<latexit sha1_base64="X0KpRX6pexrhWoNxToBfxaOmUB8="></latexit><latexit sha1_base64="X0KpRX6pexrhWoNxToBfxaOmUB8="></latexit><latexit sha1_base64="X0KpRX6pexrhWoNxToBfxaOmUB8="></latexit><latexit sha1_base64="X0KpRX6pexrhWoNxToBfxaOmUB8="></latexit>

Centro de massa P 0µP 0
µ

<latexit sha1_base64="RZxgtxlYZ4YiosxVqR48WwD1pHk="></latexit><latexit sha1_base64="RZxgtxlYZ4YiosxVqR48WwD1pHk="></latexit><latexit sha1_base64="RZxgtxlYZ4YiosxVqR48WwD1pHk="></latexit><latexit sha1_base64="RZxgtxlYZ4YiosxVqR48WwD1pHk="></latexit>

invariante

PµPµ
<latexit sha1_base64="4vEU8JFJw13dGjkiANgUNjQ7C1A="></latexit><latexit sha1_base64="4vEU8JFJw13dGjkiANgUNjQ7C1A="></latexit><latexit sha1_base64="4vEU8JFJw13dGjkiANgUNjQ7C1A="></latexit><latexit sha1_base64="4vEU8JFJw13dGjkiANgUNjQ7C1A="></latexit>

invariante

P 0µP 0
µ = PµPµ

<latexit sha1_base64="SSoa0NuCfzhjhUaAUPkX1rmouCY="></latexit><latexit sha1_base64="SSoa0NuCfzhjhUaAUPkX1rmouCY="></latexit><latexit sha1_base64="SSoa0NuCfzhjhUaAUPkX1rmouCY="></latexit><latexit sha1_base64="SSoa0NuCfzhjhUaAUPkX1rmouCY="></latexit>

(Ee + Ep)
2 � (~pe + ~pp)

2 = (E0
e + E0

p)
2 = s

<latexit sha1_base64="XWwClzLHT9pBhYZVNOTrX5qjWE0="></latexit><latexit sha1_base64="XWwClzLHT9pBhYZVNOTrX5qjWE0="></latexit><latexit sha1_base64="XWwClzLHT9pBhYZVNOTrX5qjWE0="></latexit><latexit sha1_base64="XWwClzLHT9pBhYZVNOTrX5qjWE0="></latexit>

E2
e + E2

p + 2EeEp � p2e � p2p � 2~pe.~pp = s
<latexit sha1_base64="SAiBlfPN1p5j3WtDRxyRp2NGuAI="></latexit><latexit sha1_base64="SAiBlfPN1p5j3WtDRxyRp2NGuAI="></latexit><latexit sha1_base64="SAiBlfPN1p5j3WtDRxyRp2NGuAI="></latexit><latexit sha1_base64="SAiBlfPN1p5j3WtDRxyRp2NGuAI="></latexit>

pe pp cos ✓ = �pe pp
<latexit sha1_base64="kBj0z5O6tnrOW0kZSuCq5U1FYA8="></latexit><latexit sha1_base64="kBj0z5O6tnrOW0kZSuCq5U1FYA8="></latexit><latexit sha1_base64="kBj0z5O6tnrOW0kZSuCq5U1FYA8="></latexit><latexit sha1_base64="kBj0z5O6tnrOW0kZSuCq5U1FYA8="></latexit>

E2
e = p2e +m2

e
<latexit sha1_base64="OHAzNkmkc2AgC2u7NTwvn+f4ojc="></latexit><latexit sha1_base64="OHAzNkmkc2AgC2u7NTwvn+f4ojc="></latexit><latexit sha1_base64="OHAzNkmkc2AgC2u7NTwvn+f4ojc="></latexit><latexit sha1_base64="OHAzNkmkc2AgC2u7NTwvn+f4ojc="></latexit>

E2
p = p2p +m2

p
<latexit sha1_base64="QavZ7EE79deFLNXo8HP0VE8ODCk="></latexit><latexit sha1_base64="QavZ7EE79deFLNXo8HP0VE8ODCk="></latexit><latexit sha1_base64="QavZ7EE79deFLNXo8HP0VE8ODCk="></latexit><latexit sha1_base64="QavZ7EE79deFLNXo8HP0VE8ODCk="></latexit>

s = m2
e +m2

p + 2Ee Ep + 2pe pp
<latexit sha1_base64="SqN3Z0NBFsOJnc+Vf+Hs2fy4VUE="></latexit><latexit sha1_base64="SqN3Z0NBFsOJnc+Vf+Hs2fy4VUE="></latexit><latexit sha1_base64="SqN3Z0NBFsOJnc+Vf+Hs2fy4VUE="></latexit><latexit sha1_base64="SqN3Z0NBFsOJnc+Vf+Hs2fy4VUE="></latexit>

s ' 4Ee Ep
<latexit sha1_base64="sQKe3nTBR94/AIBWD/3wA+XY0JM="></latexit><latexit sha1_base64="sQKe3nTBR94/AIBWD/3wA+XY0JM="></latexit><latexit sha1_base64="sQKe3nTBR94/AIBWD/3wA+XY0JM="></latexit><latexit sha1_base64="sQKe3nTBR94/AIBWD/3wA+XY0JM="></latexit>

p
s ' 306

<latexit sha1_base64="/JcE0aHNIMLgN4aRvPwP3TNClNo="></latexit><latexit sha1_base64="/JcE0aHNIMLgN4aRvPwP3TNClNo="></latexit><latexit sha1_base64="/JcE0aHNIMLgN4aRvPwP3TNClNo="></latexit><latexit sha1_base64="/JcE0aHNIMLgN4aRvPwP3TNClNo="></latexit>

GeV

2.13)

= (Ee, ~pe) + (Ep, ~pp) = (Ee + Ep, ~pe + ~pp)
<latexit sha1_base64="At9Dr05QH/Bf7G7kPBBSxbkT4RM="></latexit><latexit sha1_base64="At9Dr05QH/Bf7G7kPBBSxbkT4RM="></latexit><latexit sha1_base64="At9Dr05QH/Bf7G7kPBBSxbkT4RM="></latexit><latexit sha1_base64="At9Dr05QH/Bf7G7kPBBSxbkT4RM="></latexit>



2.6) (E1, ~p1)
<latexit sha1_base64="4ErPxYoD5UYLev7D1KCQCBGh/1U="></latexit><latexit sha1_base64="4ErPxYoD5UYLev7D1KCQCBGh/1U="></latexit><latexit sha1_base64="4ErPxYoD5UYLev7D1KCQCBGh/1U="></latexit><latexit sha1_base64="4ErPxYoD5UYLev7D1KCQCBGh/1U="></latexit>

(E2, ~p2)
<latexit sha1_base64="bR16enknpnBY+lj8BrrgpgWIWv0="></latexit><latexit sha1_base64="bR16enknpnBY+lj8BrrgpgWIWv0="></latexit><latexit sha1_base64="bR16enknpnBY+lj8BrrgpgWIWv0="></latexit><latexit sha1_base64="bR16enknpnBY+lj8BrrgpgWIWv0="></latexit>

(Ea, ~pa)
<latexit sha1_base64="xWu4m29kp9Ca3599ejaaYDdSm24="></latexit><latexit sha1_base64="xWu4m29kp9Ca3599ejaaYDdSm24="></latexit><latexit sha1_base64="xWu4m29kp9Ca3599ejaaYDdSm24="></latexit><latexit sha1_base64="xWu4m29kp9Ca3599ejaaYDdSm24="></latexit>

(Ea, ~pa) = (E1 + E2, ~p1 + ~p2)
<latexit sha1_base64="f+Ldv7OhFW/MjgSL7r64ppA5fj4="></latexit><latexit sha1_base64="f+Ldv7OhFW/MjgSL7r64ppA5fj4="></latexit><latexit sha1_base64="f+Ldv7OhFW/MjgSL7r64ppA5fj4="></latexit><latexit sha1_base64="f+Ldv7OhFW/MjgSL7r64ppA5fj4="></latexit>

E2
a � p2a = (E1 + E2)

2 � (~p1 + ~p)2
<latexit sha1_base64="1/uqGoxexNpfVmtYelSdDUP2hIs="></latexit><latexit sha1_base64="1/uqGoxexNpfVmtYelSdDUP2hIs="></latexit><latexit sha1_base64="1/uqGoxexNpfVmtYelSdDUP2hIs="></latexit><latexit sha1_base64="1/uqGoxexNpfVmtYelSdDUP2hIs="></latexit>

m2
a = p21 +m2

1 + p22 +m2
2 + 2E1E2 � p21 � p22 � 2~p1.~p2

<latexit sha1_base64="wEEZ21W/bRZ3Cyej9CXlH/sxvKs="></latexit><latexit sha1_base64="wEEZ21W/bRZ3Cyej9CXlH/sxvKs="></latexit><latexit sha1_base64="wEEZ21W/bRZ3Cyej9CXlH/sxvKs="></latexit><latexit sha1_base64="wEEZ21W/bRZ3Cyej9CXlH/sxvKs="></latexit>

p = mv �
<latexit sha1_base64="no4LzuMVzGTDFx9J4G+uMn5w8rc="></latexit><latexit sha1_base64="no4LzuMVzGTDFx9J4G+uMn5w8rc="></latexit><latexit sha1_base64="no4LzuMVzGTDFx9J4G+uMn5w8rc="></latexit><latexit sha1_base64="no4LzuMVzGTDFx9J4G+uMn5w8rc="></latexit>

E = mc2 �
<latexit sha1_base64="QAMChlf2azVDRHV0gwunGxs96IA="></latexit><latexit sha1_base64="QAMChlf2azVDRHV0gwunGxs96IA="></latexit><latexit sha1_base64="QAMChlf2azVDRHV0gwunGxs96IA="></latexit><latexit sha1_base64="QAMChlf2azVDRHV0gwunGxs96IA="></latexit>

p

E
=

v

c2
=

�

c
= �

<latexit sha1_base64="IH9ikk0/E+RTcsqOqr69NY7PNxc="></latexit><latexit sha1_base64="IH9ikk0/E+RTcsqOqr69NY7PNxc="></latexit><latexit sha1_base64="IH9ikk0/E+RTcsqOqr69NY7PNxc="></latexit><latexit sha1_base64="IH9ikk0/E+RTcsqOqr69NY7PNxc="></latexit>

m2
a = m2

1 +m2
2 + 2E1 E2 � 2p1 p2 cos ✓

<latexit sha1_base64="/csSolC3qE7BPEDdYWsJF0veeaM="></latexit><latexit sha1_base64="/csSolC3qE7BPEDdYWsJF0veeaM="></latexit><latexit sha1_base64="/csSolC3qE7BPEDdYWsJF0veeaM="></latexit><latexit sha1_base64="/csSolC3qE7BPEDdYWsJF0veeaM="></latexit>

m2
a = m2

1 +m2
2 + 2E1 E2(1� 2�1 �2 cos ✓)

<latexit sha1_base64="dieEoPHwLda04iyiSz4eWrrksyI="></latexit><latexit sha1_base64="dieEoPHwLda04iyiSz4eWrrksyI="></latexit><latexit sha1_base64="dieEoPHwLda04iyiSz4eWrrksyI="></latexit><latexit sha1_base64="dieEoPHwLda04iyiSz4eWrrksyI="></latexit>

Conservação de E e p

PµPµ
<latexit sha1_base64="4vEU8JFJw13dGjkiANgUNjQ7C1A="></latexit><latexit sha1_base64="4vEU8JFJw13dGjkiANgUNjQ7C1A="></latexit><latexit sha1_base64="4vEU8JFJw13dGjkiANgUNjQ7C1A="></latexit><latexit sha1_base64="4vEU8JFJw13dGjkiANgUNjQ7C1A="></latexit>

Fizemos

p = �E
<latexit sha1_base64="n+7rroNvnLJP1V8yCWiG/0xkIEg="></latexit><latexit sha1_base64="n+7rroNvnLJP1V8yCWiG/0xkIEg="></latexit><latexit sha1_base64="n+7rroNvnLJP1V8yCWiG/0xkIEg="></latexit><latexit sha1_base64="n+7rroNvnLJP1V8yCWiG/0xkIEg="></latexit>
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