HW5 Solutions
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The minimum energy needed for photons to produce electrons comes from the pair production of a

positron and electron.

Erin = M- A+ me+02

Erin = 2me-c2 =2%0.511 MeV = 1.022 MeV
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In the lab frame both protons will have a speed:

From Momentum conservation:
DPvefore = Pafter

To produce a Higgs particle at rest pyfrer = 0 :
ﬁproton,l + ﬁproton,Q =0

— . —
pproton,l - _pproton,Q

This means the protons are travelling at the same speed in opposite directions.

From Energy conservation:
Ebefore = Eafter
Y(mpe® + mpc?) = Mpyigqsc’
(100m,,)c* = 2ym,c?

v =50
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In the early universe:
PR myC
Then:
Ap = 2m,c

Txalxz

Tnow

T = Tnow 77—
T
AxAp =h

TTLO'UJ
xnowTQmpc =h

T = 2%xnoanow
Tnow = 1019 Mpc and T),p, = 3K. This means at :
T >8x 10¥K

We don’t know how many protons there are due to the momentum uncertainty.
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The proton is made of bound quarks, the mass of the proton is the binding energy of the quarks
making the proton. If the proton were given energy equal to it’s binding energy the quarks would
become unbound. Going back in time there is a temperature this would happen at, approximately:

kT = E = m,c® = 938.27TMeV

T =1.089 x 10K



Gm?
Fgrcw = 7

k 2
Feyn = dq;

Fpaw  GmZ &>  Gm?
Fem e kq? B kq?

This is independent of distance.

=24x107%
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Just taking the ratio of the new gravitational force to the one before (old here refering to question

5) we have:
Fgrav,new o MsunMEarth

S = 1.4 x 101
Fgr(w,old mg

Fgrav,new o Fgrav,nengrav,old

FEM,new FgrauoldFEM,new

As the Fpapnew = Frmod
Fgrav,new - Fgrav,new Fgrav,old

FEM,new Fg'ra'u,old FEM,old
2
Fgrav,new o MsunMEarth % Gm@

s . T3 = L4 X101 24 x 1077
EM new mg de

Frav new
_Iravney — 3.4 x 107

FEM,new

This means gravity dominates at large scales because at large scales, objects are much more massive
than they are charged.



Amaz T = 0.002898 m K

For the sun’s average T:

0.002898 m K
)\mam = = 499.
5200 K 99.6 nm
This is green light.
For the sunspot’s T
0.002898 m K
mazx 4000 K 7 nm

This is Red/near-Infrared light.
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With a given mass M in kg:

AM 0.7TM
A =""—c

At At

100 W =

_ 0.7M >
100 W

At

At = 6.291 x 1014s< %>
kg

This equation says for example a 70kg person takes At = 4.404 x 1065
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The interior is determined from:

-Mathematical models using the laws of physics which should predict what is seen on the surface
of the sun

-Solar vibrations which can be observed by looking for Doppler shifts and gives an insight on the
core similar to seismology on Earth

-Solar neutrinos, a product of fusion which can be observed from Earth.
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If the strong interaction is ten times as strong and the weak interaction remains the same, the
minimum separation distance needed for two nuclei to fuse also increases. This means fusion gets

easier and so the interior temperature increases.



