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A Preface to the Instructor:

The Physics Sourcebook is an ideal supplement to any high school physics course.  It includes 
Advanced Topics frequently omitted in standard texts, Worksheets with intriguing, real-world 
problems that engage the students’ interest, and an exhaustive Appendix of reference information 
with a special section on astronomy.  Of particular value is Appendix N, which includes a fine 
selection of copyright-free graph paper that can be copied and printed as needed.

Use this book for increased depth (Advanced Topics), homework assignments or in-class practice 
sessions (Worksheets), and as a convenient reference source for all the physical and mathematical 
constants and astronomical data (Appendix) your students are likely to need.

Material included covers traditional areas of classical mechanics through electromagnetism, plus 
several topics from astronomy.  The Sourcebook is a valuable resource for independent learners, 
home schoolers, and amateur scientists.

The Sourcebook was last updated in 1995 but most of the content herein is timeless. During the 
production of this electronic version in 2017 some astronomical data was updated in Appendix G. 
This was primarily related to Ceres and Pluto, since by then both had been visited by space probes 
and noteworthy discoveries were made.
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A Preface to the Student:

First of all, bravo to you, dear reader.  Many students skip over all the introductory material and 
never even open the book until told to do so by page number or assignment.  So you’re already 
ahead of the pack just by reading this.  For such commendable effort you deserve some inside tips 
to help you get the most out of the time you spend with this book ...

When assigned an Advanced Topic, read the text before trying the Practice Calculations; relevant 
theory and equations are included therein.  Each Topic is a self-contained lesson.  Answers to the 
Practice Calculations can be found on the same page, so checking your work is easy.

Worksheets in this book contain problems based on real-world data.  This makes the calculations 
about as interesting as they can be, given that they’re “assignments,” and it also allows you to do 
a reality check on your solution before looking at the answer key. Simply ask yourself:

Is my solution physically realistic?

Is your solution a speed greater than that of light?  A planetary mass less than 1 kg?  A negative 
distance?  A time greater than the age of the Universe?  Get in the habit of asking this question 
and you will save points come exam time.  Worksheet answers begin on page W-39

Finally, check out the Appendix.  Look at every page to discover what’s there.  It includes all the 
reference information and data you’re likely to need for most physics calculations, and can save 
you a lot of time searching through other sources online.
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Gravity exerts a downward vertical force, commonly known as “weight,” on all material bodies. 
When acting unopposed, this force will produce a continuous downward acceleration of

(1)     ag = 9.8 m/s2 = 32 ft/s2

with the symbol ag designating “acceleration due to gravity.”  Since a falling object on Earth is 
usually opposed by friction from the atmosphere, this acceleration is observed only in small, 
dense objects for which air drag is negligible — a smooth, round, steel ball bearing, for example. 
In a vacuum chamber, of course, even feathers, dust and parachutes would fall at this rate.

The numerical value of ag is typically given to two significant figures, representing its global 
average over the Earth’s surface.  Its actual value at a specific location, however, depends on the 
altitude and latitude at the point of interest.  Figure 1 exaggerates the effects responsible for these 
local variations; both are related to the fact that the Earth is a rotating frame of reference.

Like most forces, gravity decreases with 
increasing distance from its source.  Since its 
effective source is Earth’s  center of mass, 
any increase in altitude will be accompanied 
by a reduction of both weight and ag.

The effect of latitude is twofold.  First, since 
Earth is an oblate spheroid (its equatorial 
bulge is ≈  28 miles above spherical), there 
is an automatic increase in altitude as one 
moves from pole to equator.  The oblateness 
in the diagram is not shown to scale.

Second, in any rotating frame of reference there will exist a centrifugal force acting outward, 
away from the center of rotation.  Given Earth’s rotation period of 24 hours, it can be calculated 
that this force is about 0.3 pound on a 100 pound object located at the equator.  At the pole, which 
is not moving in a circle, the effect would be zero.

Thus, all three effects cause a reduction in the effective gravity as one moves toward the equator. 
To detect these effects one could measure ag experimentally, but a data precision of at least  three 
significant figures would be required to notice any difference.  Physics, however, provides a 
mathematical model of these effects that allows one to calculate the local value of ag given the 
altitude and latitude.  The formula for this calculation, shown as Equ. 2, was developed by noted 
geodesist and astronomer Friedrich Robert Helmert (1843-1917).

(2)     ag 9.80616 0.025928 2θcos× 0.000069 2θcos2× 3.086
8–× 10 H×–+–=

where θ  =  latitude in units of “degrees” (equator = 0° and pole = 90°)
H  =  altitude in units of “meters” (positive values above sea level)
ag  =  local gravitational acceleration in units of “m/s2”

Figure 1

EQUATOR

Advanced Topic 1:  The Acceleration Due to Gravity



T - 3

1.  The global minimum ag would be found at the summit of the tallest equatorial mountain.  Mt. 
Kirinyaga in Kenya is the best candidate, with an altitude of 5199 meters and a latitude

     of 0.1623° S.    It is interesting to note that, due to its position on Earth’s equatorial bulge, it
     is actually 1.3 miles farther from Earth’s center than Everest!  Calculate ag at its summit.

answer:  ag = 9.780 m/s2

2.  The global maximum ag would be found at the lower altitude pole.  There’s a solid continent 
under Antarctica, but at the North Pole a submarine could park on the sea floor underneath the 
Arctic ice cap and have an altitude of 3910 meters below sea level.  Calculate ag there.

answer:  ag = 9.832 m/s2

3.  Calculate the global percentage variation in ag , i.e., find the percentage difference between
     the minimum and maximum ag .

answer:  Δag = 0.53%  (the absolute variation from the average is:  ag = 9.8 ± 0.025m/s2)

4.  Calculate ag for your Physics Lab to 5 significant figures.  Your Instructor will provide you 
with the local values for θ and H.

θ  =  __________
H  =  __________

answer:  ag  =  __________

Practice Calculations:     (Compute all answers to 4 significant figures.)
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The early Greeks knew that the Moon was illuminated by the Sun, and that its phases were the 
result of their changing relative positions.  Any sphere illuminated by a distant source will always 
be half lit and half dark, but our view of this half-lit sphere changes as it moves around us during 
its one moonth cycle.  Figure 1 shows this geometry from a point far above the North Pole.

Telling Time by the Moon:

Figure 1 allows you to tell the time based on the Moon’s phase and position.  Study these four 
examples, then try to deduce the missing times.  Note:  actual observed positions will be shifted 
southward for observers in the northern hemisphere.

phase observed position of Moon in sky time

full directly overhead midnight
full rising in the east 6:00 pm
first quarter setting in the west midnight
waning gibbous halfway down in the southwest 6:00 am
waxing gibbous directly overhead ________
waning crescent rising in the east ________
full halfway up in the southeast ________

Advanced Topic 6:  Phases of the Moon and Solar Eclipses
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An astronaut has just leapt vertically from the rim of a crater
expecting a gentle descent to the crater floor.  After all, the
Moon’s gravity only produces an acceleration of -1.67 m/s2,
a mere 1/6 of Earth’s.  Her original velocity is +6.00 m/s.

1.  What is her velocity 2 seconds after the jump?

2.  What is her velocity 8 seconds after the jump?

3.  How much time does it take her to reach maximum height during the jump?

4.  What is the maximum height attained during the jump (measured from the crater floor)?

5.  At what time does she reach a height of 105 meters (measured from the crater floor)?

6.  At what location is her velocity -8 m/s?

7.  What is her velocity when she reaches the crater floor?

Worksheet 4:  Vector Kinematics

100 m

•••
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120°  

100°
F3 5.00 N=

F1 2.00 N=

F2 3.00 N=

Worksheet 6:  Vector Analysis

60°

Ffriction = 12 lb

USAF   NCC 1701
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=  5000 N  (lift)

=  4000 N  (drag)

=  4500 N  (weight)

=  6000 N  (thrust)

0°

270°

180°

90°

CAMP

1.  You are going on a compass hike.  Starting from camp, you walk 2 miles south (180°), 3 miles 
east (90°) and 4 miles north (0°).  How far and what direction is it back to camp?

2.  Calculate the resultant vector force acting on the jet.  Can you tell from your answer whether 
the jet is climbing?  Diving?  Speeding up?  Slowing down?  Explain.

3a.  The 30 lb wagon is being pulled with a force of 24 lb.  Resolve the pulling force into its vertical 
and horizontal components.

  b.  Will the wagon move?  Explain.

4.  Three cockroaches are fighting for possession of a marshmallow.  Calculate the resultant vec-
tor force acting on the marshmallow.  Hint:  set the x-axis to coincide with F3 .
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Worksheet 1:
1a.  25.88
  b.  0.5604
  c.  4.000
  d.  210.4
  e.  7.889
  f.  2.510 x 105 
  g.  7.258 x 10-5

  h.  3.142 
  i.  4.000 x 104

  j.  100.1
2a.  d = 2.5 x 102 m
  b.  d = 9.00 x 10-4 m
  c.  E = 9 x 1016 kg⋅m2/s2 
  d.  F = 1 x 102 kg⋅ m/s2

  e.  V = 0.0243 ft3

  f.  Z = 10.6°
  g.  α = 66.5°
  h.  T = 1509 kg
  i.  v = 4.6 x 102 m/s
  j.  d = 3.3 x 105 m

Worksheet 2:
x = 108
σ = 19  (18.8)

Worksheet 3:
1.  1103 m  or  3600 ft
2.  307 ft/s  or  210 mi/hr
3.  0.15 mi  or  792 ft
4a. 19 minutes
  b. 88.5 hours
5.  1128 m

Worksheet 4:
1.  +2.66 m/s
2.  -7.36 m/s
3.  3.59 s
4.  +111 m
5.  3.59s ± 2.63s  ⇒  0.96s, 6.22s
6.  -8.38 m below rim
7.  -19.2 m/s

Worksheet 5:
1.   25 m/s2

2.   1.5 m/s2 upward
3.   -36N
4a.  -0.01 cm/s2

  b.  2000 s
  c.  20,000 cm
5.   80 m/s  or  180 mi/hr,  no dispute possible
6a.  -2.02 x 107 N

  b.  +1.06 x 107 N
  c.  +5.16 m/s2

  d.  1573 m/s
  e.  Acceleration increases due to:  decreasing mass
      (burned and exhausted fuel), less air drag at high
      altitude, and weaker gravity at high altitude.
7a.  100 s
  b.  Your ship would feel an equal and opposite 8 GN
       force, accelerating it toward the warbird.

Worksheet 6:
1.  d = 3.6 miles at heading 90° − 34° + 180°  = 236°
2.  ΣF = 2062 N @ 14°  above forward horizontal
     The jet must be traveling in the forward direction,
     but it could be either diving at a decreasing rate,
     or climbing at an increasing rate.
3a.  Fvertical =  21 lb
       Fhorizontal = 12 lb

  b.  No (horizontally) since Ffriction > Fhorizontal
       Yes (vertically) since Fvertical > ½Fg (why ½?)

4.  ΣF = 3.38 N @ 29.4°  CCW from roach 3
5.  56.4°  upstream from straight across
6a.  76.6 N
  b.  7.51 m/s2

7.  Fg = 346 N

Worksheet 7:
1.  87.5 m
2.  1534 m/s  or  3431 mi/hr
3a.  1010 m
  b.  141 m/s
4.  No.  By the time he has dropped 3 meters he has
     only gone 9.4 meters horizontally.
5.  t = 1.12 s  and  d = 2.80 m
6a.  16.08 ft
  b.  16.67 ft  (0.003157 miles)

Worksheet 8:
1a.  0.0330 s  or  33.0 ms
  b.  1.33 x 1011 m/s  (v > c !?)
  c.  1.58 x 106 m
  d.  5.69 x 1010 N
  e.  5.69 x 1010 N/kg
2a.  2135 rps  (Hz)
  b.  2.70 x 107 m/s2  =  2.75 x 106 g's !
3a.  0.042 m/s
  b.  0.035 N
  c.  0.035 N; friction between his shoes and the stage
4a.  1.49 hr
  b.  7.26 x 105 N; the pull of Earth's gravity
  c.  9.07 N/kg

Answers to Worksheet Problems:
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Table 1:  Pure Numbers

π = 3.1415927...

e = 2.7182818...

 = 1.4142136...

i = 

googol = 10100

googolplex = 10googol

2

-1

Table 4:  Greek Alphabet

LETTER NAME

A α alpha

B β beta

Γ γ gamma

Δ δ delta

E ε epsilon

Z ζ zeta

H η eta

Θ θ theta

I ι iota

K κ kappa

Λ λ lambda

M μ mu

N ν nu

Ξ ξ xi

ϑ ο omicron

Π π pi

P ρ rho

Σ σ sigma

T τ tau

Y υ upsilon

Φ φ phi
χ χ chi

Ψ ψ psi

Ω ω omega

Table 3:  Metric Prefixes

FACTOR           PREFIX        SYMBOL       DENOMINATION*

 × 1024 yotta Y septillion

 × 1021 zetta Z sextillion

 × 1018 exa E quintillion

 × 1015 peta P quadrillion

 × 1012 tera T trillion

 × 109 giga G billion

 × 106 mega M million

 × 103 kilo k thousand

 × 102 hecto h hundred

 × 101 deka da ten

 × 10-1 deci d

 × 10-2 centi c

 × 10-3 milli m

 × 10-6 micro μ
 × 10-9 nano n

 × 10-12 pico p

 × 10-15 femto f

 × 10-18 atto a

 × 10-21 zepto z

 × 10-24 yocto y

* This is in the American denomination system.  In many
   European countries the term for 109 is milliard, and for
   1012 is billion.  Thereafter, the sequence of denomination
   names is the same, but they increase by multiples of 106

   instead of 103, e.g., billion = 1012, trillion = 1018 etc.
   To designate the in-between powers, e.g., 1015, the term
   one-thousand-billion would be used.

Appendix A:  Mathematical Constants, Symbols, and Formulas

Table 2:  Angular Measures

plane angles:

1 revolution  =  4 grads  =  2π radians  =  360 degrees
1° (degree)  =  60'  (minutes)  =  3600''  (seconds)

solid angles:

1 sphere  =  4π steradians  =  129,600/π  degrees2
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Appendix G:  Astronomical Data

Table 1: Physical Characteristics of the Planets

  PLANET SYMBOL
EQUATORIAL RADIUS MASS

ROTATION 
PERIOD

AXIAL
TILT

 (degrees)× 106 m  = 1 × 1024 kg  = 1

  Mercury       2.439       0.3824        3.303      0.05528  58.65 days      7.0

  Venus       6.051       0.9488        4.869      0.8150  242.9 days (R)  177.4

  Earth       6.378       1.000...        5.9742      1.000...  23H  56 M  04S    23.45

  Mars       3.397       0.5326        0.6416      0.1074  1.026 days    25.2

  Ceres       0.473       0.0742        0.00094      0.0002  0.3781 days      4.0

  Jupiter     71.49    11.21  1899  317.8  0.4135 days      3.08

  Saturn     60.27      9.450   568.6    95.18  0.4440 days    26.73

  Uranus     25.56      4.008     86.86    14.54  0.7183 days (R)    97.92

  Neptune     24.76      3.882   102.5    17.15  0.6713 days    28.8

  Pluto       1.190      0.187       0.01303      0.00218  6.38723 days  122.53

1

Table 1 Notes:
Radius values cited are equatorial averages, useful for most gravimetric calculations.  Values are measured at the
average solid surface of terrestrial planets, and the 1 bar pressure level for gaseous planets.
Rotation Periods are sidereal values, measured with respect to the stars.  Synodic periods are measured with respect 
to the Sun.  Differences are due to the planets’ revolution around their orbital paths as they rotate.  R ⇒ retrograde.
Oblateness is the fractional measure of a planet’s equatorial bulge.  Earth’s polar radius is 6335 km and its equatorial 
radius is 6378 km, a difference of 43 km (about 28 miles); its average spherical radius = 6371 km.
Albedo is a measure of reflectivity.  If a planet reflected 100% of the sun’s illumination it would have an albedo of 
exactly 1.00.  Oceans, clouds and ice all contribute to high albedos.
Visual Magnitude is the apparent brightness of a planet (or star).  In the case of planets, it depends on both distance 
and albedo (stars shine by their own light).  The dimmest objects visible to the unaided eye have a magnitude of about  
+6.  A difference of 2.5 magnitudes equates to a factor of 10 in brightness (lower magnitudes are brighter).

Table 1: Physical Characteristics of the Planets  (continued)

 PLANET OBLATENESS
DENSITY   

(g/cm3)

SURFACE 
GRAVITY     

(N/kg)

ESCAPE 
VELOCITY 

(km/s)
ALBEDO

MAX  VISUAL 
MAGNITUDE

 NUMBER OF 
SATELLITES

 Mercury       ≈  0     5.43       3.62       4.2       0.6       -1.9 0

 Venus       ≈  0     5.25       8.62     10.3       0.76       -4.4 0

 Earth      0.00335     5.518       9.81     11.2       0.39      ------- 1

 Mars      0.00521     3.94       3.69       5.01       0.15       -2.8 2

 Ceres      0.08     2.161       0.28       0.51       0.09      +4.9 0

 Jupiter      0.0649     1.33     24.9     59.7       0.51       -2.5 16+4 rings

 Saturn      0.0980     0.688     10.5     35.6       0.50       -0.4 20+7 rings

 Uranus      0.0229     1.27       8.62     21.0       0.66      +5.6 15+10 rings

 Neptune      0.0171     1.64     11.2     23.6       0.62      +7.9 8+4 rings

 Pluto      0.108     1.860       0.620       1.212       0.55    +14.9 5
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FORMAL NAME:  Terra

ALIASES:       , Earth, The World, Home, Gaia,
Third Stone from the Sun

AGE  =  1.5 × 1017 s

MASS  =  5.9742 × 1024 kg

RADIUS  =  6371 km (average)

OBLATENESS  =  0.00335

VOLUME  =  1.083 × 1012 km3

DENSITY  =  5515 kg/m3

SURFACE AREA  = 1.463 × 108 km2  (land)
3.636 × 108 km2  (water)
5.099 × 108 km2  (total)

OCEANS:  solid and liquid H2O, predominantly saline with trace metals and organic compounds

SURFACE GRAVITY  =  9.80665 N/kg

MAGNETIC FIELD  =  5.7 × 10-5 weber/m2 @ sea level, latitude 45° (20° offset dipole)

ESCAPE VELOCITY  =  11.2 km/s

ROTATIONAL PERIOD  =  86,400 s

ROTATIONAL SPEED  =  465 m/s @ equator

ROTATIONAL AXIS  =  galaxywise with θ = 23.45°

ORBITAL RADIUS  = 1.471 × 1011 m  (perihelion)
1.521 × 1011 m  (aphelion)
1.496 × 1011 m  (average)

ORBITAL SPEED  =  29.8 km/s

ORBITAL PERIOD  =  3.1557 × 107 s

ORBITAL ECCENTRICITY  =  0.01673

STAR:  one (Sol) type G2, yellow / 2% metals content / surface T = 6000 K

SYSTEM:  3rd of 10 planets

MOONS:  one (Luna) @ orbital radius 3.84 × 108 m, mass 7.35 × 1022 kg

ATMOSPHERE:  78% N2 / 21% O2 / 1% Ar (99% of atmosphere below 80 km)

AIR PRESSURE  =  1.01325 × 105 N/m2 @ sea level

AIR DENSITY  =  1.293 kg/m3 @ sea level

TEMPERATURE  =  average 295 K (day) 273 K (night)

LIFE FORMS:  8.7 million known species, 5 with intelligence, 3 sentient

TECHNOLOGY:  Level E1 reached by 2 species, level E4 reached by 1 species

COMMENTS:  mostly harmless

Appendix I:  Encyclopedia Galactica Entry 42,726,333
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