
University of Minnesota 
School of Physics and Astronomy 

GRADUATE WRITTEN EXAMINATION 

Fall 2015 – PART I 

Tuesday, August 25th, 2015 – 9:00 am to 1:00 pm 

Part 1 of this exam consists of 10 problems of equal weight.  You will be graded on all 10 
problems. 

This is a closed-book examination.  You may use a calculator.  A list of some physical constants 
and properties that you may require is included.  Please take a moment to review its contents 
before starting the examination. 

Please put your assigned CODE NUMBER (not your name or student ID) in the UPPER 
RIGHT-HAND CORNER of each piece of paper that you submit, along with the relevant 
problem number in the UPPER LEFT-HAND CORNER. 

BEGIN EACH PROBLEM ON A FRESH SHEET OF PAPER, so that no sheet contains 
work for more than one problem. 

USE ONLY ONE SIDE of the paper; if you require more than one sheet, be sure to indicate, 
“page 1”, “page 2”, etc., under the problem number already entered on the sheet. 

Once completed, all your work should be put in the manila envelope provided, IN ORDER of 
the problem numbers. 



Constants Symbols values

Speed of light in vacuum c 3.00108 m/s 

Elementary charge e 1.6010-19 C 

Electron rest mass me 9.1110-31 kg 

Electron rest mass energy mec2 0.511 MeV 

Permeability constant o 1.2610-6 H/m 

Permeability constant/4π o/4π 10-7 H/m 

Proton rest mass mp 1.6710-27 kg 

Proton rest mass energy mpc2 938 MeV 

Neutron rest mass mn 1.6810-27 kg 

Neutron rest mass energy mnc2 940 MeV 

Planck constant h 6.6310-34 Js 

Gravitational constant G 6.6710-11 m3/s2kg 

Molar gas constant R 8.31 J/molK 

Avogadro constant NA 6.021023 /mol 

Boltzmann constant kB 1.3810-23 J/K 

Molar volume of ideal gas at STP Vm 2.2410-2 m3/mol 

Earth radius RE 6.38106 m 

Earth’s mass ME 5.98×1024 kg 

Earth-Sun distance 1 AU 1.501011 m 

Stirling’s Approximation: ln(N!) = Nln(N) – N + 
(small corrections) 
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Speed of light in vacuum c 3.00108 m/s 
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Electron rest mass me 9.1110-31 kg 

Electron rest mass energy mec2 0.511 MeV 

Permeability constant o 1.2610-6 H/m 

Permeability constant/4π o/4π 10-7 H/m 

Proton rest mass mp 1.6710-27 kg 

Proton rest mass energy mpc2 938 MeV 

Neutron rest mass mn 1.6810-27 kg 

Neutron rest mass energy mnc2 940 MeV 

Planck constant h 6.6310-34 Js 

Gravitational constant G 6.6710-11 m3/s2kg 

Molar gas constant R 8.31 J/molK 

Avogadro constant NA 6.021023 /mol 

Boltzmann constant kB 1.3810-23 J/K 

Molar volume of ideal gas at STP Vm 2.2410-2 m3/mol 

Earth radius RE 6.38106 m 

Earth’s mass ME 5.98×1024 kg 
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