
PHYS 311 FALL 2015 HWA 5. Due Wed. Nov. 11’th.

On Units and Orders of magnitude
In this assignment you are to get acquainted with orders of magnitude and

units. Please do not provide more than significant digits in your answers.
1. One can use the speed of light to define length units. For instance a LightYear
is the distance light travels in one year. Calculate this in meters. One can
similarly define LightSecond, LightMinute etc. Find the mean radius of Earth’s
orbit in LightMinutes. Also find the mean radius of the Earth in mLs, which
we define as LightSecond/1000.
2. A related quantity in astronomy is called the Parsec. Due to Earth’s rotation
about the sun stars in the sky undergo a parallax shift. 1 Parsec is the distance
to the sun for which the radius of Earth’s orbit will cause a parallax of one
angular seconds. Calculate Parsec in terms of LightYears. You will find that a
Parsec is about πLightYear, a nice mnemonic.
3. Electron-Volt as mass unit. 1 eV is defined as the kinetic energy an object
with charge q = e -in Coulombs in SI- obtains in a potential difference of 1V.
On the other hand, we know that energy and mass are related via Einstein’s
relation Eo = mc2. This allows us to denote mass as eV/c2. Calculate the
mass of the electron me, the proton mp and the neutron mn in these units.It is
better to use MeV, which is 106eV. Note that eV is a very small energy unit in
Joules so not so appropriate for the energies of systems we see every day. Also
calculate (mn −mp)/me. It is a good idea to commit those to memory.
4. Now remember the Coulomb formula for the potential field of a charge of
q = e
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1
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q

r

where εo is the permittivity constant for the vacuum. A particle of charge q = e
placed in such a field will have energy EU = eU . See that, this along with
E = mc2 gives us a length unit: The distance of the particle to the origin such
that the field energy becomes equal to the mass energy of the object. Calculate
this distance for the electron and the proton. Let us call themRce

EM andRcp
EM.

It might be better to use Fm which is 10−15m. These are called classical -in the
sense of non-quantum- electromagnetic size of the object under consideration.
5. Now remember the Gravitational potential field created by an object of mass
m.

U =
1

r
Gm

The potential energy of an object of mass m placed in this field will be EU =
mU . This, along with E = mc2 gives us a length scale, in the same line of
reasoning as the previous problem. Calculate this distance for the electron
and the proton. Let us call them Rce

G and Rcp
G. These are called classical

gravitational size of the object under consideration.
6. Calculate Rce

G/Rce
EM. This gives us an idea about the relative strengths of

the gravitational and electric forces.
7. Define a new quantity called ~ ≡ h/2π, call it the reduced Planck’s constant.
Check that ~ has the physical dimensions of angular momentum and calculate
its value in SI, it is rather easier to remember. Now assume there is an electron
that moves very close to the speed of light -so that you can numerically take it
to be the speed of light- uniformly on a circle of radius r such that the angular
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momentum is given as ~. Find this radius and repeat for the proton. It might be
better to use Angstrom for the electron and Fm for the proton. This quantity
is the Compton wavelength -divided by 2π.
8. Now consider the quantity which is called the fine structure constant

α ≡ e2

4πεo~c

Check that is a dimensionless constant. Calculate its value. Also find the value
of α−1 and

√
α. It is a good idea to commit those to memory.

9. Now assume that an electron is on a uniform circular orbit of radius aB.
Assume that the force that keeps it on this orbit is the Coulomb force of a
charge of strength e sitting fixed at the center. Also assume that the angular
momentum of the orbit corresponds to a single unit of ~. Find aB. Find a
relation between aB, α and the reduced Compton wavelength of the electron
~/mc.
10. Find ~c in units of MeV, Fm, where MeV=106eV. Commit it to memory.
11. Find a length unit called lP using G -Newton’s gravitational constant-,
~ and c, without using any other dimensionless constants. Give its value in
meters. Now, using the speed of light one can introduce a mass scale as well
using the relation lP = ~/mPc. Find the value of mP first in kg -note that it
is not terribly small, figure out say an object from the world of the living that
has this much mass- and second in GeV/c2, where G stands for 109. On the
other hand a length scale will allow us to define a time scale as well: The time
it takes for light to travel the given distance, tP = lP/c. Give the value of tP in
seconds.
12. Find your own age, height and mass in Planck units introduced in the
previous problem.
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