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Department of Physics Modern Physics (2D)
University of Prof. V. Sharma

California San Diego Quiz#2 (Jan 23 2004)

Some Relevant Formulae, Constants and Identities
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X =y(x-vt), t :7/(t_—V)2()’u'= Uxu\\// ’ uy' N yuV
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p=ymu, K=ymc*-mc?, E=K+mc’=ymc?
2

Centripetal Acc.= L
r

For particle (q,m) in B field : p = ymu =gBR

du u
j = + Constant

L—u?)¥?  (1—u?)"
E® =(pc)® +(mc?)?
1eV =1.602x10" ]
Electron rest mass =9.11x10°*'Kg =8.2x10™ J/c*= 0.511 MeV/c’
Proton rest mass = 1.673x 10*'Kg = 938.3MeV/c?
Speed of Light in Vaccum ¢ = 2.998x 10°m/s
Electron Charge = 1.602 x 10™ C
Atomic mass unit u = 1.6605 x 10*'kg = 931.49 MeV/c?

Pl. write you answer in a Blue book in indelible ink. Make sure your
code number is prominently displayed on each page
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Problem 1: Ultimate Fuel ! [6 pts] The fictional starship Enterprise
obtains its power by combining matter and antimatter of equal mass
(magnetically stored in the fuel tanks), achieving complete conversion of
mass into energy (100% efficiency). If the mass of the Enterprise is 5x 10°
kg, how much of its net mass must be converted into kinetic energy to
accelerate it from rest to a speed of u = 0.1c?

Problem 2: The Need For Speed ! [14 pts] A particle of charge g and
mass m moves along a straight line in a uniform electric field E with speed
v. If the motion and the electric field are both in the same direction (say x)
(a) show that the magnitude of acceleration a of this particle is given by :

3

22

a:ﬁzﬁ{l_(ij
dt m C

(b) If the particle starts from rest at x=0 at t=0 find the expression for the
speed of the particle after a time t has elapsed. (¢) What is the limiting
value of its speed v as t—o0 ?

For an electric field E = 10" VV/m, find the speed of an electron which is
accelerated from rest for a time period of just (c) 0.10ns and (d) 10.0 ns in
Prof. Sharma’s linear accelerator. Express your answer as a fraction of c.
What would be the speed of the electron if you had used the Newtonian
expression for acceleration instead of the relativistic one for (e) 0.10ns and
(f) 10.0ns ?
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