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Topics

Review mathematical concepts that will be used to
solve problems during this course, including:

Scientific Notation

Laws of Exponents

Logarithms

Dimensional Analysis
Geometry

Trigonometry

Linear Interpolation

Solving for Embedded Variables
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Scientific Notation

If you look in a table and find the value 0.0054, this
value has two significant figures.

This can also be written in scientific notation as:

5.4E-3 or 5.4x 103
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Calculations

When performing calculations in this course, you
should only answer to 2 decimal places unless
you are provided with the precision to carry more.
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EXPONENTS




Laws of Exponents

x1= 1/x

xa = 1/x2

exp (x) = e*

el = 1/e
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xa xb

(x2)°

Xab

Xalxb — Xa-b




Laws of Exponents

The following expressions cannot be
simplified any further:

Xa ya

Xafya
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Laws of Exponents

eix = 1/ekX
eix ga = alamx)

w12 = 4y

e-}.LX e-}.LX — e-ZL,LX

¥ 1/3 3\/X_

(xV2)13 = x1/6 = 6x
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Laws of Exponents

FOr ux — oo, et — oo

FOrux — oo, e = 1/e*x—> 0

Forux — 0, e —1

Forux — 0, ex—>1
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LOGARITHMS




Logarithms

Common Logarithm
Base 10 (log,)

or

Natural Logarithm
Base e (In)

(e =2.7183)
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Logarithms

The answer “Y” to “log,, X =Y” can be thought of as:

“What power must 10 be raised to get X?”

or 10 =X
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Logarithms

log,, (100) =2

Because 102= 100
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Natural Logarithms (In)

Similarly,
“In X=Y” can be thought of as:

“What power must “e” be raised to get X?”

oreY =X
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Natural Log (In) Example

Example: In, (10) = 2.3

e must be raised to a power of 2.3 to get 10:

(€) 23 = (2.7183) 23 = 10

NOTE: Since e is rounded and the answer (2.3) Is
also rounded, this is an approximation
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Log and Natural Log

Number

0
e
10
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Properties of Logs

In(Xa) = a In(X)
IN(A * B) = In(A) + In(B)
In(A/B) = In(A) — In(B)
IN(A/B) = - In(B/A)

In(e?) = A
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Your Calculator

On your calculator you should have two keys:

- one labeled log (base 10)
- one labeled In (base e)

Each key may be associated with an inverse which
might require you to press a 2"9 or Shift key
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In Example

How would you solve for t in the following equation?
A=AeM
Answer:

1) Rearrangetoget A/A,=eM

2) Take the natural log of both sides:
In (A/A,) =In (eM)
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In Example

Now we have:
In (A/Ay) =In (eM)

In eM is just the exponent, or —At
(recall that In e* = x)

Plugging this in and solving for t, you get:

=-In (A/A,)
)
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DIMENSIONAL
ANALYSIS

and
UNIT CONVERSION




Dimensional Analysis

The ability to keep track of units, cancel them out
properly and ensure that your final answer has
the correct units is essential for solving
problems.
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Unit Conversion

Reference Manual (Misc. 1-5) includes conversion
tables for:

Length, Area, Volume

Mass, Density, Time

Energy, Dose, Activity

H-201 — Advanced Health Physics - Slide 23 -




Example 1

Protective clothing is often sold with units of
areal density, e.g., ounces per square yard
(oz/lyd?). The protective clothing used at your
facility is advertised to have an areal density of
40 ozl/yd-=.

Calculate what this corresponds to in units of
mg/cm?.
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Example 1 (cont)

1oz =28.35¢
1yd = 3feet

1 foot =12 inches
1linch =2.54cm

1g = 10°mg
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Example 1 (solution)

We start out with units of oz/yd? and we want to get to

units of mg/cm?:

40 07 128.35¢{10° mg

yd?| o0z g

1 A12 |

122 In2

1 in?
2.542 cm?

The oz's cancel, the g’s cancel, the yd? cancel, the ft°
cancel, the in? cancel and we’re left with mg in the
numerator and cm? in the denominator

40 oz/yd? = 136 mg/cm?
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Example 2

Attenuation equations are typically expressed
In terms of the linear attenuation coefficient (W)
or the mass attenuation coefficient (u/p).

e may also be written as e ®WpP)(P)X)

Let x =3 cm, u/p =0.021 cm?/g and p = 0.01
g/cm?3

Solve e#x
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Example 2 Solution

(Wp)(p)(x) = (- 0.021 cm=) * (0.01 g-) * (3em)

a CATS

<J

The grams cancel and the cm? in the numerator
cancels out 2 of the cm?3in the denominator leaving
only one cm in the denominator. But that remaining
cm cancels out the cm from the “x” value. The net
result is no units left which is what we want since an
exponent should not have any dimensions.

exp (- 0.00063 ) = 0.99937 = 1
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Extracting Information from Tables

To solve exam problems you will be required to look up
numbers from reference tables. If you look up the

wrong value, you will surely get the wrong answer. To
avoid this, always be sure of the following:

- you are on the correct page
- you are looking down the correct column
- you are looking across the correct row

The following page shows a sample conversion table
from the reference manual.
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m
1

1.000E+03
1.000E+04
1.000E+06
2.540E+04
3.048E+05
9.144E+05

1.609E+09

mm
1.000E-03

1

1.000E+01

1.000E+03

2.540E+01

3.048E+02

9.144E+02

1.609E+06

Conversion Tables

cm
1.000E-04

1.000E-01

1

1.000E+02

2.540E+00

3.048E+01

9.144E+01

1.609E+05

Sample:

H-201 —Advanced Health Physics

LENGTH

m
1.000E-06

1.000E-03

1.000E-02

1

2.540E-02

3.048E-01

9.144E-01

1.609E+03

in
3.937E-05

3.937E-02
3.937E-01
3.937E+01
1
1.200E+01
3.600E+01

6.336E+04

ft
3.281E-06

3.281E-03
3.281E-02
3.281E+00
8.333E-02
1
3.000E+00

5.280E+03

Convert 64 feet to mm

yd
1.094E-06

1.094E-03
1.094E-02
1.094E+00
2.778E-02
eSS E0!
1

1.760E+03

mi
6.214E-10

6.214E-07
6.214E-06
6.214E-04
1.578E-05
1.894E-04
5.682E-04

1
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GEOMETRY
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Length

Perimeter of arectangle = (2 x Length) + (2 x Width)

L

or tx 2 x radius
= 27

Circumference of a circle = t x Diameter m
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Rectangle = Length x Width

Triangle = %2 Base x Height

Circle =t x radius2
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Surface Area

Box=2[(LxW)+(LxH)+(WxH)]

Sphere=4n ré
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Box=LxWxH
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TRIGONOMETRY
AND

INVERSE
TRIGONOMETRIC
FUNCTIONS




Triangles
Sineg= —
C
Cosine9= —
C

Sine 6
Cosine 6

a
Tangent 0 = F =

c = J a?+b?
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Circles and Radians

Imagine a circle with radius = 1.

Now imagine an arc on this circle whose length is equal
to 1 as well.

The angle that subtends this arc is defined
as one radian.
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Circles and Radians

A complete circle is 360°

As we saw earlier, the circumference of a circle is 2nr

If we go around a circle of radius 1,
we have traveled a distance equal to 2 T,
and we have also traveled 360°

Thus 360° =2 wradians = 6.2832 radians
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Degrees and Radians

Degrees Radians

0 Orn
30 (1/6) ©
45 (1/4) =
6]0) (1/3)
90 (1/2) ©

120 (2/13)
135 (3/4) n
150 (5/6) &
180 T
270 (3/12) n
360 2T

sine (180°) =
sine (r radians)
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Trigonometric Functions

Angle Angle

CEPEESIRERIERS) Tangent

0 0 0

30 0.5236 . 0.577

45 0.7854 1

60 1.0472 . 1.732

90 1.5708 -
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Inverse Trigonometric Functions

The sine of an angle is just a number with no dimensions.

If you know the number and want to find the angle
corresponding to that number, you can use an inverse
trigonometric function like the inverse sine, inverse cosine or
Inverse tangent. They are sometimes called the arcsine,
arccosine and arctangent.

Example:

sine 30° = sine (w/6 radians) = 0.5

Inverse sine (0.5) = 30° or 0.5236 radians
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Inverse Trigonometric Functions

The inverse sine is probably displayed as the
secondary function sin ** on your calculator so you
may have to hit a 2nd key or inv key before hitting the
sin key

IMPORTANT: Remember that if you input a number
and ask for the inverse sine, cosine or tangent, you will
get an answer which may be either degrees or radians.
You must check what your calculator is set for. pjost
calculators have a DRG key which toggles between
DEG, RAD and GRAD. If you want your answer to be in
radians (as we will for the line source equation) be sure
your calculator is set for RAD.
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Example

What is the arctan of 0.067

On my calculator, if | enter .06 , 2nd, then tant, | get 3.43
Is this answer degrees or radians?

If | wanted radians, | could just toggle the DRG key to RAD
and | would get 0.06 radians

To avoid problems always check your DRG key setting.
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Use In Line Source Problems

Radians and inverse tangents are used Iin
calculating dose from line sources:

Pipe

Radioactive Pipe with length L
Standing distance h from pipe
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Linear

Interpolation




Linear Interpolation

Let’s say you have a set of data like that shown below:

Speed (mph) Stopping Distance (feet)

10 10
30 70
50 130
60 160

If you are asked for the stopping distance for a car travelling
at 45 mph, how can you find this value?
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Linear Interpolation

You can think of your data as points on a line:

Speed Stopping Distance
(X values) (Y values)

10 (Xo) 10 (yo)

30 (X1) 70 (yy)
50 (X,) 130 (y,)

60 (X3) 160 (y3)

Stopping Distance (ft)

The slope of the middle (%6:Y0)

segment of this line Is: 0 o P o e
Speed (mph)

VoY1 Xo-Xq
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Linear Interpolation

You can use the slope equation to solve for an unknown value,
like the stopping distance for a speed of 45 mph:

Speed Stopping Distance
(X values) (Y values)

10 (Xo) 10 (yo)
30 (X1) 70 (y,)

50 (X,) 130 (y,)
60 (X3) 160 (ys)

~
F]
N
Q
&)
=
@©
B
(@)
(@]
=
Q.
Q.
2
N

10 20 30 40 50 60
Speed (mph)
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Linear Interpolation

Since our new point is on the line segment between (X,,y,)
and (X,,y,), we can use the slope equation to solve for our
unknown y-value.

Yo - YilXs - Xy = Y, -7IX, -

Solving this equation for

~
F]
N
Q
&)
=
@©
B
(@)
(@]
=
Q.
Q.
2
N

So we know that the stopping
distance for a speed of
45 mph is 115 ft.
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Linear Interpolation

Let’s try using HP data. Turn to the Table on MISC-26.

The x values are listed in the first column (Photon
Energy, MeV) and the y values are listed in any one of
the other columns (Mass Energy Absorption
Coefficients - u../p).

For simplicity let’s look at the column labeled “Compact
Bone”
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Sample Linear Interpolation

Determine w,./p for 7 MeV photons traversing

compact bone:

Looking up some adjacent values from
the Table on page MISC-26 yields

MeV

Hen/p

6
-
38
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?

0.0167
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Using linear interpolation:

0.0167 - 0.0178 0.0167 -y

8-6 8-7

- 0.0011
2

= 0.0167 -y

y = 0.0167 + 0.00055 = 0.0173

Quick check:

Since 7 MeV is half

way between 6 MeV 2
and 8 MeV:
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Solving for

Imbedded Variables




2UIES

. Multiply or divide both sides of an equation by the same value
. Add or subtract the same value to both sides of an equation

. Multiply any side of an equation by 1 or any ratio that equals 1,
(e.g. al/a)

. Flip both sides of an equation (i.e. reverse numerator and
denominator) provided there is only one denominator on each
side,e.g. (1/a=1/b »a=Db)but (/a+1/b=1/c >a+b =c)

.In(b®=aln(b) {ifb=e,Ine=1 soln(e?) =a} also elnbl=p

. If sinea=Db then inverse sineb =a




Examples

In each case solve for “C”
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Example 1

Isolate “C” on one side all by itself

_BxD
 AXE

C
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Example 1 Solution

Isolate “C” on one side all by itself

Multiply both sides by C

BXDXC
CxE

CXxXA=

Divide both sides by A

CA. BxD
A E A
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Example 2 Solution

el
E

A:E +
C

Solve for C
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Example 2 Solution

e
E

Subtract D/E from both sides.

B D, D
— L L 2
C =

E

Multiply the “A” by 1 or (E/E)

Now we have a

common denominator

on the left

SO we can add the
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Example 2 Solution Continued

AE-D XCXE B yc xE

E C

C x (AE-D) = BE

&
B

To isolate “C” we can
multiply both sides by “C”
and multiply both sides by
“E” and then divide both
sides by (AE - D).

This produces the same
effect as flipping both
sides of the equation
and then multiplying
both sides by “B”

BE

AE -D
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END OF

MATH REVIEW




