
1. a)

(*Speed of light in m/s*)

In[  ]:= c = 299 792 458 ;

(*
Gev

c2
= x kg*)

(* x =
Gev

c2

1

kg
*)

In[  ]:= x =
1.602176634 * 10-19 * 109

c2
;

(*Mass of moon and sun in kg*)

In[  ]:= Mmoon = 7.342 * 1022;

Msun = 1.9885 * 1030;

(*Mass of moon in GeV*)

In[  ]:=

Mmoon

x

Out[  ]= 4.11856 × 10
49

(*Mass of sun in GeV*)

In[  ]:=

Msun

x

Out[  ]= 1.11547 × 10
57

1.b)

(* kg =
1

x

Gev

c2
*)

(*Reduced Planck's constant in eV*s*)

(* ℏ= y eV*s *)

y = 6.5821 * 10-16;

(* s =
1

y

ℏ

eV
=

1

y
eV-1 =

1

y
GeV-1 109*)

(* C= 6.24151 *1018 e = 6.24151 *1018*)

(*T=
N*s

C*m
=

kg

C*s
=
y

x

10 -9

6.24151 *1018
GeV2*)



In[  ]:=

y

x

10-9

6.24151 * 1018

Out[  ]= 5.9157 × 10
-17

(*Magnetic field at surface of Sun in T*)

In[  ]:= BSun = 0.3;

(*Magnetic field at surface of Sun in GeV2*)

In[  ]:= BSun *
y

x

10-9

6.24151 * 1018

Out[  ]= 1.77471 × 10
-17

1.c)

(*Mmuon in eV*)

In[  ]:= Mmuon = 106 * 106;

(*Reduced Planck's constant in eV*s*)

(* ℏ= y eV*s *)

In[  ]:= y = 6.5821 * 10-16;

(*τ in s*)

In[  ]:= τ = 2.2 * 10-6;

(* s =
1

y

ℏ

eV
=

1

y
eV-1 *)

(*τ in eV-1*)

In[  ]:=

τ

y

Out[  ]= 3.3424 × 10
9

In[  ]:= (* Mmuon*τ *)

In[  ]:= Mmuon *
τ

y

Out[  ]= 3.54294 × 10
17

1. d) 

(*c=z
m

s
*)
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In[  ]:= z = c;

(*s = z
m

c
=z m*)

(*τ in metres *)

In[  ]:= τ * z

Out[  ]= 659.543

(* ~660 m < 100 km, based on this muons shouldn't reach ground *)

1.e)

In[  ]:= (*
eV

kB
= u K*)

(* K=
1

u

eV

kB
=

1

u
eV*)

u =
1.602176634 * 10-19

1.380649 * 10-23

Out[  ]= 11 604.5

In[  ]:= (*Room temperature in K*)

Troom = 273;

In[  ]:= (*Room temperature in eV*)

Troom

u

Out[  ]= 0.0235253

(* ~0.024 eV < 13.6 eV, it's reasonable that air is not ionized *)

(*Temperature of the surface of the Sun in K*)

In[  ]:= TSun = 6000;

(*Temperature of the surface of the Sun in eV*)

In[  ]:=

TSun

u

Out[  ]= 0.51704

(*~0.52 eV < 13.6 eV, Hydrogen isn't ionized at the solar surface *)
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1.f)

(* [δE]=J=kg*
m2

s2
*)

(* [G]=
N*m2

kg2
=

m3

kg s2
*)

(*[M]=[m]=kg*)

(*[r]=m*)

(*[ℏ]=J*s =kg*
m2

s
*)

(*[c]=
m

s
*)

(*[kB]=
J

K
=
kg*m2

s2K
*)

(* kg*
m2

s2
= [kB]α [c]β [ℏ]

γ m6

kg2 s4
kg2

1

m3
= [kB]α [c]β [ℏ]

γ m3

s4
*)

(* [kB]α [c]β [ℏ]
γ
=kg*

m2

s2

s4

m3
=kg*

s2

m
*)

(*α=0, β=-3, γ= 1*)

(*δE=
G2M m

r3

ℏ

c3
, this is a quantum contribution to the energy because of ℏ*)
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