Appendix B

Review of Mathematical and Scientific Methods
Thix lab contains on-line hnks for review of mathemancs

Objectives
To review the sssentials of mathemazhies: | To review the eszentials of math and the scienfific
process as they relate to astronomy:
#  alzehra
*  soentific notation *  zmall-angle formula
»  exponentiztion (powers of 10) * zcaling
*  loganthms *  uncertanties i mezsurements
»  sigmificant fizures *»  statishes
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Materials

®  13-cm Fuler (we meazure using the metric system)
#  Soienhfic Calculator (bomrow one 1f neceszary)

Background and Theory
Mathematics 15 the lansuagze of the Unrverse. Imazine leammng Englizh and not bemz able to use any vowels:
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or ziven a coded meszage without a key:
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Siularkly, astronomy cannot be tanght adequately without usine the proper languaze. Astronomy 101 covers the
bazic concepts mn astronemy and astrophyzics (really the same thing). Some concepts can be explamed best and
most complately by the use of 3 formula. Yoo may be surprised to see how muck mformation 1= contained ina
simple alsebraic aquation: for exampls. Einstein's famous aquation: E = mie’ The math involved is at the leval
neaded to be accepted mto this great wmrversity. If vou happen to be a 'mathophobs’' (or arithmetically challsnged),
pleaze do not worry about the math used m this course; you wall always have your fallow studants and vour
mstructor to help. You will be well prepared for amy E:':amqu-ahunslm-nlf.mg math.

Procedure

Eathﬂfﬂneﬂ::]lmingstepanf}nnrmienshrlzwjihazamplepmhlem one that 13 exactly hke or similarto a
problem you wall be sesme durimg this gquarter. Work the problem siven. If vou camnnot work the problem quickly,
without hestahion, then take the review hnk offerad—you will find the reviews linked through the “Alath Eaview™

link on our home pagse.

Students arrrve at wuversihies with a broad range of math backerounds. It may be that vou do not need much of a
math review; use vour talents by helpmg vour classmates through this prachce. Note, however, that the scienhfic
methods zaction mcludes appheations specific to astronomy. Every student should cover that sechion completely.
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1. Review of Mathematics
1.1, Alzebra

Sohe fory: X ="’J"? Sobre for m (mass): E= mE

Understanding: In the equation above, E represents the energy; m, the mass; and ¢ the speed of hight -
approxumately 200,000 km'sec. Why can a whele lot of energv be obtamead from a tmy bat of mass?
Anzwer: Because the energy 13 the product of the mass and a very large mmmber. The speed of lizht,
squared, 1z S0, 000,000,000 (lon's)"

1.1, Scientific Notation

White the following 1n scientific notahon: 3,042; 2314; 0.00012; Q0000000000667
Convert the followins mmmbers from sclenfific notation:
42 x 10 4x 107"

1.3. Exponenhation (powers of 10)
13.1. Work the followme problems uzing a scientific caleulator. If vou do not owm a caleulator that uses
seienhfic notahion, then find zomeone who does and borrow 1t, or zet to kmow them.

Mubtiphy- 3.1 % 107 by 3 = 10°
Divide: 1496 x 10 by 5.2 x 107

Simplify- (3 x 105

(@000
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14, Loganthms

When workng with powers of 10, we wall also need to reverse the process and calculate the log of a
mumber. The log of a number tells us the equrvalent mumber that we raize 10 to. For example: the log of
1000 iz 3 because 107 is 1000. The log of 6000 is approximately 3.778 because 10*7" is (about) 6000,
Wea would have zusssed that the log would be batween 3 and 4 bacause 107 is 1000 and 10° is 10,000,
and 6000 les betwean those tvo mumbers. How does one calculate the log of a mimber” By using a
calculator. Mote we wall not be using the natural log, or I Find the fog botton on vour calculator; alse,
find the 107 button to reverse the process.

Sohve for M in the equation M =m - 5 log (d) + 5 when:

= d= Anzwer
2.0 10

1.5 15

-L.5 3
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1.5 Sipmificant Fizures
The sudelmes for sigmficant dizits are:

Carry one or two non-sigmficant digiis through all caleulations.
Bound the final anzwer to the requuired mumnber of sizificant digifs.
The mmmber of siznificant dizitz will be that of the value havine the smallest omber of s1gmificant
dignts.
1.5.]1. How many sizmficant digits are m the following mumbers?
13
135689

4000
368

1.52 MNhultiphr 1.5, 3 3689 4000, and 3 .65. Round your answer to the comect mmmber of sigmificant
digits.

Aztronomical and Scientific Methods=

21. Small ansls formula

For small angles (much, much less than 1 degrae),
For small angles the sine of the angle is approximately squal to the

Sin @ approx. =tan @ approx. = 8 tangent of the angle, which is approximately equal to
the value of the angle itzalf. (Fmd vour calculator

0 =S/D and check thiz fact out. Your angle should be stated
mradians.) If we know the distance to an object and
can measure Ifs angular size, we kmow s actual size.

If we know the artual size and can measura the
D angular diameter, we can determine 1ts distance.

(mote: This also works if the anzular 51z 15 grven n
arc seconds, as most measurements are m astronomy smee objects such as stars and galaxies are 50 far, far
away. The angular s17e 13 very small!)

22. Prachice:
Angular size m radians Actual z1ze n kilometers | Dhztance m kilomaters
0.01 (dizmeter) 3480 (diameter) |
0.009 {diameter) 130,000,000
6300 (diametar) 353x10
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