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Some Relevant Formulae, Constants and ldentities

E=ymc*;K = ymc* —mc*, p = ymu
izt
p

AxAp = LA
4z

AEAr>

47
Bragg Scattering : nA = 2dsiné

m.C

€

Compton Scatter: Ah= [—h—J(1-0030)=(0.0243A)(1-0058)

Planck’'s Constant h = 6.626x107'].5=4.136x10"eV s
1eV=160x10"17

Electron Mass =9.1x 10°' Kg=0.511 MeV/c?
Neutron Mass = 939.6 MeV/c* =1.675x 107" Kg
Proton Mass = 938.3 MeV/c’ =1.673x 10”7 Kg
Speed of Light in Vaccum ¢ =2.998x 10°m/s

P1. write you answer in the Blue Book in indelible ink. Make sure
your code number is prominently displayed on each page.

If you have trouble understanding the question, pl. ask the proctor
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Problem 1 : The More You Know Now, The Less You Know
Later [10 pts] :

You made a measurement that establishes the position of a proton
with an accuracy of + 1.0x 10" m. (a) calculate the uncertainty in
the proton’s momentum measurement as a result of your
measurement (b) calculate the uncertainty in the proton’s velocity.
(¢) do you need to use the non-relativistic or the relativistic form of
the expression for momentum, and why? (d) Calculate the
uncertainty in the proton’s position 1.0 s later, How does it
compare with the size of a nucleus (10 fm)?

Problem 2: Planck Guessed Right! [10 pts]:

The frequency of oscillation of a

harmonic oscillator of mass m and

. —F = —nfx — x,)
spring constant k is 7= —-\/: The VAAY]
27 \'m AN ENEES
total energy of the oscillator R
2 . . Equilibrium
E= ;’L+ &’ where p is its momentum position
m

when its displacement from the equilibrium is x. In Classical
physics, the minimum energy of the oscillator is E=0, but things
are different in the quantum world. Using the Uncertainty relations
(a) write an expression for an estimate of the total energy E in
terms of x only (b) What is the value of x> which minimizes the

energy E? (c) Now calculate the Energy E and show that E_;, =
-z-hf.
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