UNITED STATES
NUCLEAR REGULATORY COMMISSION

WASHINGTON, D.C. 20555-0001

(FSME-09-072, August, Training, H-201)

August 25, 2009

ALL AGREEMENT STATES, MICHIGAN, NEW JERSEY

ACCEPTANCE: TO THE HEALTH PHYSICS TECHNOLOGY COURSE (H-201)
(FSME-09-072)

Purpose: To provide the list of students selected for the NRC Health Physics Technology
Course (H-201).

Background: NRC provides the list of students and instructions to the States to help ensure
that States with candidates on waiting lists will have an opportunity to fill vacated slots that may
open up after this notification letter has been sent.

Discussion: Enclosure 1 is the list of students from the States selected to attend the

October 19-30, 2009 Health Physics Technology Course (H-201). This course is to be held in
Chattanooga, TN. Please provide the list of students and the instructions (Enclosure 2) to each
individual from your program that is on the list. Enclosed for your review is a PDF Math review
(Enclosure 3). You should study the math problem to familiarize yourself with what we will be
teaching. Enclosed for your information is a tentative schedule for the course (Enclosure 4).
Students attending this course will be paid travel and per diem by the U.S. Nuclear Regulatory
Commission (NRC). Students should make their travel arrangements through Carlson Wagonlit
Travel at 1-866-250-2160 immediately and then submit their travel information needed for NRC
to issue their travel authorization (Appendix A) to Brenda Usilton (Fax 301-415-3502). (See
invitational travel information in AD-500 at: http://nrc-stp.ornl.gov/procedures/ad500.pdf)

We ask that you inform us of any cancellations 30 days prior to the course starting date or as
soon as you are aware that the student cannot attend the course.*

*This information request has been approved by OMB 3150-0029, expiration 08/31/2010. The estimated

burden per response to comply with this voluntary collection is approximately 8 hours. Send comments

regarding the burden estimate to the Records and FOIA/Privacy Services Branch (T-5F52), U.S. Nuclear
Regulatory Commission, Washington, DC 20555-0001, or by Internet e-mail to infocollects@nrc.gov, and to

the Desk Officer, Office of Information and Regulatory Affairs, NEOB-10202 (3150-0029), Office of

Management and Budget, Washington, DC 20503. If a means used to impose an information collection

does not display a currently valid OMB control number, the NRC may not conduct or sponsor, and a person is not
required to respond to, the information collection.


http://nrc-stp.ornl.gov/procedures/ad500.pdf
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If you have any questions regarding this correspondence, please contact me at 301-415-3340
or the individual named below.

POINT OF CONTACT: Brenda G. Usilton INTERNET: Brenda.Usilton@NRC.GOV
TELEPHONE: (301) 415-2348 FAX: (301) 415-3502

IRA/

Robert J. Lewis, Director
Materials Safety and State Agreements
Office of Federal and State Materials

and Environmental Management Programs

Enclosures:
As stated
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INSTRUCTIONS TO STUDENTS

ACCEPTANCE: This is to advise you that those individuals in Enclosure 1 have been accepted
for participation in the training course (H-201) “Health Physics Technology Course.” This
course is scheduled to be presented October 19-30, 2009 at the NRC Technical Training
Center, 5746 Marlin Road, Suite 200, Osborne Office Center, Near Eastgate Shopping Center,
Chattanooga, Tennessee 37411-5677, Telephone (423) 855-6500.

COURSE: This course will be conducted beginning at 8:00 a.m. and end at 4:00 p.m. each day
except for Friday, October 30, 2009, when the class is scheduled to end at 1:00 p.m. However,
on Monday, October 19, 2009 formal presentations will begin at 1:00 pm. In place of a Math
Review session formerly conducted on Monday morning, attached is a PDF file (Enclosure 3)
containing the student handout for the Math Review. You're encouraged to read it and do the
sample problems provided. This will familiarize you with the level of math that may be required
to solve problems during the course. If you have any questions concerning the PDF file, please
send an e-mail to John.Ricci@nrc.gov. Students should bring an engineering or scientific
calculator with them. A tentative schedule for the course is enclosed (Enclosure 4). Cellular
phones and similar devices with audible capability should be disabled while classes are in
session. Normal office/business attire is appropriate for students attending training. Please
complete the invitational travel authorization request as described in FSME Procedure AD-500,
“Invitational Travel Authorization and Voucher” and return it to Brenda at
Brenda.Usilton@nrc.gov or fax it to 301-415-3502. If you have any questions regarding the
travel form please contact Brenda at 301-415-2348. You will need to take a taxi or shuttle to
and from the airport. You will receive a travel voucher for reimbursement after the course ends.

LODGING AND TRAVEL: You should plan to arrive on Monday, October 19, 2009, and depart
on Friday, October 30, 2009. Participants must make their own lodging and travel
arrangements. Individuals should request a Federal government employee rate at the hotels.
The following URL is for information regarding hotels located in the vicinity of the Technical
Training Center: http://www-nrc-training.ornl.gov/NRC/ttd/catalog.htm. The per diem for
Chattanooga, TN area is 87/44/131. This means lodging/meals/not to exceed the total. Tax is a
separate line item on your voucher. No rental cars will be authorized for travel. There is no
suitable lodging within walking distance, nor reliable public transportation, from the hotels to the
Training Center; therefore, students should coordinate with students who have cars or take a
taxi to and from the training center.
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Tentative Schedule - Week 1 — October 19-23, 2009

Monday Tuesday Wednesday Thursday Friday
8:00-8:30 o
Radiation
Concepts
8:30-9:00 (1&3)
9:00-9:30 Problem
Quiz1 Session Quiz 2
X-Rays and and and
9:30-10:00 (5) Q&A Q&A Q&A
10:00-10:30
Radioactive Point Source
Decay Inverse Square ALARA
10:30-11:00 (7 (12) (24)
(continue)
11:00-11:30 Interactions,
Specific Shielding and | Effective Dose
Activity Line Source Skin Dose Equivalent
11:30-12:00 (8) (13) (16/17) (29)
12:00-1:00 Lunch Lunch Lunch Lunch Lunch
1:00-1:30 Area and
Volume
Neutron Sources
1:30-2:00 Activation (9) (14/15)
Submersion
Introduction Dose
2:00-2:30 Admin Interactions, Instruments, (30)
Serial Decay | Shielding and Calibration External
Dose Limits Equilibrium Skin Dose and Surveys Dose
2:30-3:00 (6) (10) (16/17) (21/22/23) Evaluation
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Tentative Schedule - Week 2 — October 26-30, 2009

Monday Tuesday Wednesday Thursday Friday
8:00-8:30
8:30-9:00
9:00-9:30 Problem _ Problem _
Session Quiz 3 Session Quiz 4
and and and and
9:30-10:00 Q&A Q&A Q&A Q&A
10:00-10:30 Internal
Dosimetry Embryo/Fetal TEDE
(32/33) EPAFGR 11 Dose ALARA
10:30-11:00 (37) (45) (50)
11:00-11:30 | Effective Half REMIT and
Life and Mean Contamination | NRC Forms 4
Life Effluents Surveys &5
11:30-12:00 (34/35) (39) (46) (51/20)
12:00-1:00 Lunch Lunch Lunch Lunch Final Exam
1:00-1:30
1:30-2:00 Contamination
ICRP-30 and Surveys
10 CFR Part 20 (46)
2:00-2:30 (36/38)
2:30-3:00
Sampling and
Bioassay
3:00-3:30 Lung Model (47148) Intake Problem
and Retention Session
Particle Size Fractions and
3:30-4:00 (40/41) MIRD (44) (49) Q&A

Enclosure 4



HEALTH PHYSICS
TECHNOLOGY
COURSE

MATH
REFRESHER



Table of Contents

opics Page
Basic Math................oooo 4
Algebra.........cooo i, 6
Laws of Exponents................c.cooen e, 22
Dimensional Analysis......................... 28
GeOMEetIY .o 35
Trigonometry....ccoooviiiiiiiiii e, 42
Logarithms...........ooooiiii i 53
Linear Interpolation............................ 66
Solving for Embedded Variables.......... 84
Extracting Information from Tables...... 96
ANSWEIS ... i e e e e, 98

10/15/01

2



OBJECTIVE

This math review handout was recommended by students
In previous Health Physics Technology courses. They
noted on Course Evaluation Forms that their math skills
were “rusty” having been out of school for a while and
not having had the opportunity to use them.

The purpose of this Math Review is to familiarize you with
the types of mathematical manipulations that you might
be expected to use to solve problems during the Health
Physics Technology course.

NOTE: This math review handout contains some
problems for you to solve. The answers are provided at

the end of the handout.
10/15/01 3



BASIC MATH



Four Basic Mathematical Functions

+ addition 2+3= )
- subtraction (7-6 = )
X multiplication (5x9= )
~ division Clal/ =

NOTE: You will be using your calculator during class and
on exams - practice & become familiar will all its functions.
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ALGEBRA

The following notes were taken from the website:
http://library.thinkquest.org/16284/algebra.htm

The material has been modified to fit this handout

10/15/01 6



Linear Equations

Linear equations are equations that can be graphed as a line.

=
o
|

y = 2x+1

o r N W M~ 0o o N 0o ©
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Linear Equations

Most linear equations are “literal” equations, which
means that they use letters as their variables. To solve
linear equations, the following methods are useful:

Addition property

For all real numbers a, b, and c, if a=b, then a+c=b+c.
Multiplication property

For all real numbers a, b, and c, if a=b, then ac=Dbc.

Definition of absolute value

For each real number a, |a] =aif a0 and |a| =-a if a<0
10/15/01
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Example Multiply (a + b) times (c + d)

= ax(c+d)+bx(c+d)

ac +ad + bc + bd

(a+b)
OR x (c +d)

ad + bd
+ ac + bc

ac +ad + bc + bd

10/25/01 9



Example Solving ax +b =y for “x”

6x+3=28.2 10x+5=y
One equation, one variable One equation, two variables
equals one solution equals many solutions

Possible solutions:

Solve for x:
X y

Solving for x:

X=(y-5/10=0.1y-0.5

10/15/01 10



System of Equations

We have three ways to solve a system of equations:

The first is Graphing

By graphing two or more equations we can find the
place(s) where they intersect which is where the answer(s)

lie(s). For linear equations, there is always one answer
(one intersection) or no answer at all (no intersection).

10/15/01 11



Graphing Let’s graph these
two equations

y = 2x+1
y=3x-1 ------

The common solution Is
X=2andy=5

10/15/01 12



System of Equations

The next method Is Substitution

We take one of the equations and solve for one variable in
terms of the other variable (e.g., x =5y — 3). Then we
substitute (5y-3) for the “x” in the other equation. Now we
have an equation with only one variable “y”. After solving
for “y” we can substitute it into either equation to get “x”

10/15/01 13



Solve one of the equations for one of the variables (x or y)
and then substitute the expression into the other equation.

ax +by =c
dx +ey =g
Solve for “x”: Substitute:
ax + by =c dx +ey =g
ax =c - by d(c -by)la+ey=g
X =(c - by)/a d(c - by) + aey = ag

dc - dby + aey = ag
aey - dby =ag - dc
y(ae - db) =ag - dc
y =(ag - dc)/(ae - db)

10/15/01



Sample
3X + 5y =37
6x - 3y = 9

Solve for x and y:

10/15/01 15



System of Equations

The final method is Linear Combination

In [inear combination, we manipulate one or both
equations so that each equation has one variable (say “x”
with the same coefficient. Then we subtract the two
equations and by doing so, we eliminate that one variable
(“x”) In both equations. Now we only have one variable
(“y”) to solve for.

10/15/01 16



Linear Combination

ax + by =c
dx +ey =g

We have 2 variables (x and y) and six constants (a, b, c,
d, e, g). We also have 2 equations using the same 2

variables. To solve for x and y we need to get rid of one
of them.

To get rid of the “x”, multiply the first equation by the
coefficient of the “x” from the second equation.

Then multiply the second equation by the coefficient of
the “x” from the first equation.

NOTE: You could also do this using the

coefficients of the “y”. sl 17



ax + by =c
dx +ey =g

dx(@x+by)=cx d
-ax (dx +ey)=gx-a

dax + dby = cd
-adx - aey =-ga

dax - adx + dby - aey = cd - ga
Now just group terms and solve for y

(dax - adx) + (dby - aey) = (cd - ga)
Xx(da -ad) + y(db - ae) =(cd -ga)

_ (cd -ga)
~ (db - ae)

y

10/15/01 18



SAMPLE:  3x*4y=18
ox - 3y = 1

Solve for x and vy:

10/15/01 19



Quadratic Equations

The equation ax? + bx! + ¢cx® =0, is called the general
guadratic equation in “x”. The common form of this
equation is ax? + bx + ¢ =0. A quadratic equation with no
“x1” term is called a pure quadratic equation.

The square root of a second power number always yields
two answers; one positive and one negative. This is called
the Square Root Property of Equations. It states that for

all real numbers m and n, n>0, if m2=n, then m = +vn. To
solve a quadratic equation, you need to use the quadratic

formula which states that the roots of ax?+bx+c=0 are

-b £ v(b2-4ac)
2a

10/15/01 20



SAMPLE: X2 + 8X = -7

Solve for x:

10/15/01 21



LAWS OF
EXPONENTS



Laws of Exponents 10° =1

x1= 1/x

0O —
xa = 1/xa e’ =1

exp (x) = eX

el 1/e

(Xa)b — Xab

Xalxb — Xa—b

10/15/01 23



Laws of Exponents

The following expressions cannot
be simplified any further:

Xa ya & Xa/ya

10/15/01 24



Laws of Exponents

Xl/2

X1/3

(x12)13 = x1/6 = N

VX

X

e X = 1/ekx

eUXx @a = ala-px)

e-uX e-uX — e-Z},lX

10/15/01 25



Laws of Exponents

FOr ux » o, e —»

Forux —» oo, e = 1/e™*x — 0

Forux > 0,em™ > 1

Forux >0, e —>1

10/15/01 26



Rules of Thumb

For ux << 1, e X
Good to within:
+ 5% for ux = 0.3 and

+ 1% for ux =0.2

1 - ux

10/15/01 27



DIMENSIONAL
ANALYSIS



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.

10/15/01 29



Problem 1

Attenuation equations are typically expressed in
terms of the linear attenuation coefficient (u) 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?

Solve e#x

10/15/01 30



Problem 1 Solution

(W/p)(P)(X) = (- 0.021 cm?) (0.01g ) (3 cm)
g cm?

the grams cancel and the cm? in the numerator cancels
out 2 of the cm?® in 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

10/15/01 31



Problem 2

Protective clothing is often sold with
units of areal density, e.g., ounces per
square yard (oz/yd>?).

Protective clothing is advertised to
have an areal density of 40 oz/yd~.

Calculate what this corresponds to In
units of mg/cm>.

10/15/01 32



Problem 2 (cont)

1oz =28.35¢
1yd =3 feet

1 foot =12 inches
1linch =2.54 cm

1g = 10°mg

10/15/01 33



Problem 2 (solution)

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

(40 0z) (28.35g) (10°mg) (1yd?) (1 ft2) ( 1 in?)
yd-? 0z g 32ft2 12%in2 2.54%2 cm?

The 0z’s cancel, the g’s cancel, the yd?2 cancel,
the ft2 cancel, the in2 cancel and we’re left with
mg in the numerator and cm?in the denominator

40 oz/yd? = 136 mg/cm?

10/15/01 34



GEOMETRY



Length

perimeter of arectangle = (2 x Length) + (2 x Width)
L

circumference of a circle = t x Diameter
or ™ x 2 x Radius
where Diameter = 2 x Radius

(D
_/
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Area

Rectangle = Length x Width W

Triangle = ¥2 Base x Height H{ A
Circle = © x Radius? @

10/15/01 37



Area of Generic Triangle

Area of rectangle =B x H

Area of triangle (T) = [Area of rectangle] minus

[ (Area of right triangle 1) plus (Area of right triangle 2) ]

=BxH) -{[%B-a)xH]+[¥axH]}

:(BxH)-l/z{(BxH)-(axH)+(axH)}

= (B xH)-% (B xH)=% (B x H)

10/15/01 38



SURFACE AREA

BOX:2[(LXW)+(LXH)+(WXH)] H /,E- _____ __J

Sphere=4n R?
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VOLUME

Box=LxWxH

Sphere = % 1 RS
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PROBLEMS (calculate the following)

1.

2.

area of acircle with a4 cm diameter?

surface area of a hemisphere with a radius
of 2.4 meters?

volume of a sphere with a 78 cm diameter?

volume of a box whose length is 7 cm,
width is 3 cm and depth is 12 cm?

surface area of a box whose length, width
and depth are all 12 cm?

10/15/01 41



TRIGONOMETRY



Triangles

_ a
Sine 0 = &
b
Cosine O = —
C

a Sine 0
~ Cosine 6

Tangent 0 =

c = J az+p?

10/15/01 43



Degrees or Radians

A complete circle can be thought of as a 360° object
As we saw earlier, the circumference of a circleis w x D

D is 2 times the radius (2 x R) so the circumference is

nD=2nR. But Ris arbitrary,soletR=1

If we go around a circle of radius 1,
we have traveled a distance equal to 2,

and we have also traveled 360°

Thus 360° =21t =2x 3.1416 = 6.2832 radians

10/15/01 44



Degrees

0
30
45
10)
90

120
135
150
180
270
360

Radians

Om
(1/6)7
(1/4)T
(1/3)7
(1/2)m
(2/3)T
(3/4)m
(5/6)m

I
(3/2)
2T

0.0000
0.5236
0.7854
1.0472
1.5708
2.0944
2.3562
2.6180
3.1416
4.7124
6.2832

Therefore, sine (180°) = sine (w radians)

10/15/01 45



( dégrgelgs) (rgdniilr?s) Sine Cosine | Tangent
0 0 0 1 0
30 0.5236 0.5 0.866 0.577
45 0.7854 0.707 0.707 1
60 1.0472 0.866 0.5 1.732
90 1.5708 1 0 0o
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PROBLEMS (calculate the following)

1. Sine (28°)

2. Tangent (0.89 radians )

3. Cosine (88°)

. . 0
Given this triangle » g C
calculate the: ®

6

4. Hypotenuse (c)

5. Cosineof 0

10/15/01 47



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 the inverse
trigonometric function. This would be the inverse sine or
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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The inverse sine is probably displayed as the secondary
function sin - on your calculator so you may have to hit
a 2nd key before hitting the sin key

Or, you may have to hit an inv key before hitting the sin
key to get the inverse sine

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. Most
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 arcsine of 0.06?

On my calculator, if | punch in 2ndF then sine* and
0.06, I get 3.44

Is this answer degrees or radians?

In this case it’s degrees because my calculator is
showing DEG at the top of the display.

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

before tackling inverse trigonometric functions. When

you get your answer, look at the units on your display.
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PROBLEMS (calculate the following)

1. arctan (0.666) in degrees

2. Inverse cosine (0.17) in radians

3. Inverse sine [ cosine (24°) ] in degrees

4, arcsine (0.44) in degrees
0
Given this triangle ———»  g| \c
what Is: d
6

5. ¢ (in degrees)
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LOGARITHMS



Common Logarithm
Base 10 (log,)

or

Natural Logarithm
Base e (In,)

(e = 2.7183)



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

“How many times must 10 be multiplied by itself to yield X ?”
or in a slightly different way

“What power must 10 be raised to (i.e., 10Y) to get X ?”

Y Is the answer !

Example: log,, (100) =2 because 10 x 10 =102 =100

(X=100 Y=2)

10/15/01 55



Similarly

“In, X =YY" can be thought of as follows

“How many times must “e” be multiplied by itself to yield X ?”
or “What power must “e” be raised to (i.e., e¥) to get X ?”

Y Is the answer !

Example: In, (10) = 2.3 (X =10 Y =2.3)

“e” must be multiplied by itself 2.3 times (e x e x € 93) to get 10
(e) 23 =(2.7183) 23 = 10

NOTE: since “e” is rounded and the answer (2.3) is also rounded,
everything is an approximation
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Number l0g 4, In,
0O | —eem | e
e 0.4343 1
10 1 2.3026
100 2 4.6052
1000 3 6.9078
10000 4 9.2103
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Since “10” and “e” are both just numbers, there is a
fixed relationship between log,, and In..

In, of any number is always 2.3 times the log,, of that
same number.
Example: In, 45 = 3.807

log,, 45 = 1.653

(In, 45)/(log,, 45) = (3.807/1.653) = 2.3
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On your calculator you should have two keys:

one labeled log which is base 10 and
one labeled In which is base e

Each key may be associated with an inverse
which might require you to press a 2ndF key

The inverse of log is a power of 10: 10%
The inverse of In is an exponential: ex
log,,A =B 108 = A

IneC:D eD =C

10/15/01
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PROBLEMS (Calculate the following)

1.

2.

the common logarithm of 88
the natural logarithm of 123

the ratio of the natural logarithm of 452
to the common logarithm of 452

the natural logarithm of the common
logarithm of 333

the common logarithm of X is 3.2, what is X

the natural logarithm of Y is 6.4, what iIs Y
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Manipulating Logarithms

RULE

In (X&) =aln x

In (axb)=(Ina)+ (Inb)

EXAMPLE

In (10%) =21In 10
In (100) = 4.605
21n (10) =2 (2.303) = 4.606

In (55 x 32) = In (55) + In (32)
In (1760) = 7.473

In (55) = 4.007

In (32) = 3.466

4.007 + 3.466 = 7.473
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RULE EXAMPLE

In (x/y) = (In x) - (In y) In (77/22) = In (77) - In (22)
In (3.5) = 1.253
In (77) = 4.344
In (22) = 3.091
4.344 - 3.091 = 1.253

In (ed)=alne=a In (€4.9) =4.91n (e) =4.9
In (134.29) =4.9

In (X/y) = -In (y/x) In (86/38) = - In (38/86)
In (2.263) = 0.82
In (0.442) =-0.82

NOTE: theln or log of any number greater than zero
but less than 1 is negative. You cannot take a In or log of
Zero or a negative number T



Manipulating Power Functions

RULE EXAMPLE

X2 x XP = x @+b) 82x 83=8(2+3
64 x 512 = 32768
8°> = 32768

NG 75

— -b — = S =&

" — x (@-b) - —7(5-3)
7°>=16807
73 =343

16807/343 = 49
72 = 49
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RULE EXAMPLE
(Xa)b:X(axb) (82)3:8(2X3)

(64)3 = 262144
86 = 262144
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PROBLEMS (Calculate the following)

1.

2.

log (2.99)

In (12.7 x 6.8)
log (74.3/31.7)
In (e 7-2)

- log (0.5/15)

4537 4,516
62 7.3

6.2 2.9
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INTERPOLATION

NOTE: Some of the following slides list pages in the
Health Physics Technology Reference Manual for
looking up Table values. The values are given to
you. However, if you wish to look them up yourself
and you do not have access to this Reference
Manual you can use any available Health Physics
source such as the Radiological Health Handbook.

10/15/01 66



The simplest form of interpolation is the “guesstimate”.

Let’'s say you have a set of numbers like these:

speed (mph) stopping distance (feet)
10 10
20 40
{0) 70
40 95
50 120
10 150

If you are asked what is the stopping distance for a car
travelling 45 mph, you can calculate the exact value or
you can “eyeball” the answer (about 105 feet).
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A set of data from a Table can be considered points on
a line where each point consists of an “x” value and a
“y” value.

For example, let’s look at the Table on page 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”

Energy | Heo/p

0.01 19.0
0.1 0.0386
1.0 0.0297

10.0 0.0159
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The “line” represented by the “x” and “y” values
doesn’t have to be “straight”. In fact, the values
listed in the table on the previous page definitely do
not represent a “straight” line.

However, if we select two consecutive values from a
data table, we can hope that we can approximate the
curved “line” by a “straight” line (i.e., if the points are
close enough, even a curved line looks straight).

If this approximation is valid we can use “linear
Interpolation”.

10/15/01 69



=
o

o r N W M~ 0o o N 0o ©

Sample

Let's graph
y = 2x+1

W NN P O|X

N V0w R
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The slope of a straight line is just the change in “y” divided
by the change in “x”.

You can compare that to the slope of a steep hill where a
road sign might state “ Caution: 4% grade”.

What the sign is telling you is that the road drops 4 feet for
each 100 feet forward that you drive. Or, to put it in our
terms, for every 100 units of “x”, “y” changes by - 4 units.
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Back to our original problem, how do we determine the

y” value associated with x = 2.57

Of course we could look at the graph but typically we
don’t have a graph, we have a table of numbers.

2

Let's use linear interpolation. &Y __ 75 _ _2

AX 3-2 1

= 2

The slope of the line is 2. No matter which two “x” and

y” values we select, the slope will always be 2.

So let’s select the following two “x-y” combinations and
repeat the same calculation we used for the slope:

X y
3 7
25| ?
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3-2.5
-y B
05
/-y =1
/-1=0=y

=
N <

[

N

So when x =2.5,theny =6
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Sample Problem

Determine p.. /p for 7 MeV photons traversing compact bone

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

MeV Pen/P
6 0.0178
7 ?

8 0.0165
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Using linear interpolation we get:

y -0.017/8 0.0165 - 0.0178
7-6 8-6

- 0.0013
2

y - 0.0178

y = 0.0178 - 0.00065 = 0.0172

Quick check since

7MeVis half way 00178 + 0.0165 = 0.0172
between 6 MeV 5

and 8 MeV:
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Another Problem

Determine p,./p for ®°Co photons traversing muscle

First we need to determine the energy of the photons
for °°Co. Look on page Isotopes-6

%0Co emits 1.17 MeV and 1.33 MeV photons 100% of the
time.

Looking up some adjacent values from the Table on
page MISC-26 yields:
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MeV Pen/P
1.0 0.0308
1.17 ?

1.5 0.0281

0.0281 - 0.0308

1.5-1.0

-0.0027
0.5

-0.00178 = 0.0281 - y

= 0.0299 = 0.0290
’ T~ y = 0.0295 « g

MeV Pen/P
1.0 0.0308
1.33 %

1.5 0.0281
—

~ 0.0281 -y
 15-1.17 !
0.0281 -y -0.0027
0.33 0.5

Same equation
—< exceptthat 1.17 is
replaced by 1.33

0.0281 -y

0.17

-0.00092 = 0.0281 -y
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One Last Problem

Determine the buildup factor for ®°°Co photons if
ux = 3 in lead.

The values for the buildup factors are located on page
MISC-35.

Let’s assume that °Co emits a single photon with an
energy of 1.25 MeV.
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Unfortunately, we have a double interpolation.

.-l--l---

Lead

O

L] * 9
OOOI—‘OOOOU‘I

1.24 | 1.42 | 1.69 | 2.00 2.27

1.37 [[1.69 | 2.26]| 3.02 3.74 431
1.39 2.51|| 3.66 | 4.8 6.87
.34 | T.68 : 2.75 5.30 8.44
.27 | 1.56 | 2.25 | 3.61 5.44 9.80
.21 | 1.46 | 2,08 | 3.44 5.55 | 11.7
a8 | 1.40 | 1.97 | 3.34 5.69 | 13.8

.14 1 1.30 1.74 2.89 5.07 14.1
11 | 1.23 1.58 2.52 4.34 12.5

2.

Qo
@O
~J

3
&
5
6.
8.
]

o

We have to interpolate between px =2 and px =4 and
also between energies of 1 MeV and 2 MeV.
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Let’s start with interpolating between px =2 & 4

For 1 MeV

WX BU

2 1.69

3 ?

4 2.26

2.26 - 1.69 2.26 -y

4-2 . 4-3

0.57 _ 2.26 -y
2 1

y =2.26-0.285=1.9/5

For 2 MeV

WX BU

2 1.76

3 ?

4 2.51

2.51-1.76 251 -y
4-2 . 4-3
0.7/5 = 251-y
2 1

y =2.51-0.375 = 2.135
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Now we have buildup values for ux =3

3 1.975

Material

o

]
.0

[ew]

W

~J
P2 W W e
@ ® 8 B % & » 3

'—I
= B e e il
" " 4 ® B & = & =

1
2
3
&
5
6
8.
]

bOOI—‘OO

So let’s interpolate between 1 MeV and 2 MeV
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MeV BU
1 1.975
1.25 ?

2 2.135

2.135 - 1.975 2.135-y

2-1 2-1.25
016 2135-y
1 0.75

y =2.135-(0.16 *0.75) = 2.135 - 0.12 = 2.015
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So the final answer is:

Material

LI
o Ojfun

OO EH OO

1.25

Qo
@O
~J

1
2
3
&
5.
6
8
]

o
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SOLVING FOR
EMBEDDED VARIABLES



RULES:

1. You can multiply both sides of an equation by the same value
2. You can divide both sides of an equation by the same value

3. You can add the same value to both sides of an equation

4. You can subtract the same value from both sides of an equation

5. You can multiply any side of an equation by 1 or any ratio which
equals 1 (e.g. a/a)

6. You can “flip” both sides of an equation (i.e. reverse numerator
and denominator) provided there is only one denominator on
each side, e.qg. (1/a=1/b »>a=Db) but (1/a+ 1/b = 1/c 3\? a+b=c)

7. n(b®)=aln(b) {ifb=e,Ine=1soln(e?d =a} also elnb)=p

8. Ifsinea=b then Inversesineb =a
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Examples (in each case solve for “C”):

BxD
CXxE

A =
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B+C

D+E
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A =B xIn [F]
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A = BxsineC
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A=B +C)x(D+E)

10/15/01 94



BxC
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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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To convert from “A” to “B” find the “A” column along
the top row. Drop down to the box containing the
Move across to the “B” column. Multiply
your “A” value by this number to get “B”.

number “1".

m
1

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

1.609e+09

Sample:

mm
1.000e-03

1

1.000e+01

1.000e+03

2.540e+01

3.048e+02

9.144e+02

1.609e+06

cm
1.000e-04

1.000e-01

1

1.000e+02

2.540e+00

3.048e+01

9.144e+01

1.609e+05

LENGTH
m In
1.000e-06 3.937e-05
1.000e-03 3.937e-02
1.000e-02 3.937e-01
1 3.937e+01
2.540e-02 1
3.048e-01 1.200e+01
9.144e-01 3.600e+01
1.609e+03 | 6.336e+04

Convert 64 feet to mm

ft
3.281e-06

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

5.280e+03

yd
1.094e-06

1.094e-03
1.094e-02
1.094e+00
2.778e-02
3.333e-01
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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ANSWERS



See page 10

Example Solveax +b =y for “x”

6x+3=28.2 10x+5=y
One equation, one variable One equation, two variables
equals one solution equals many solutions
Possible solutions:
Solve for x:
X y
6x=282-3=252 S
2 25
3 35
X =25.2/6=4.2 Solve for x:

X=(y-5/10=0.1y-0.5
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See page 15

Sam P le (test your knowledge)

3X + 5y =37
6x - 3y =9
Solve for “x”: Substitute into:
3X + 3y = 37 6x -3y =9
3x =37 -5y 6[(37 - 5y)/3] -3y =9
X = (37 - 5y)/3 6(37 - 5y) - 9y = 27

222 - 30y - 9y = 27
-30y - 9y = 27 - 222
y(-30 - 9) =-195
y =-195/-39 =5

3x + 5x5 = 37 y =5

3Xx =12

X=4
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See page 19

SYAW 1M N = 3x +4y =18

(test your knowledge) ox - 3y = 1

5x (3x +4y) =(18) x5
3x(bx-3y)=(1)x3

15x + 20y =90
- 15X - 9y = 3
29y = 87

y =87/29 =3

Now If we plug y = 3 into either of the two original
equation, we can solve for|x which equals 2
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SAMPLE

(test your knowledge)

-8 + V82 - 4*1*7

2*1

X%+ 8x =-7

0T W
TR
~N oo

-8 + V64 - 28

See page 21
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See page 41

PROBLEMS (calculate the following)

1.

2.

area of a circle with a 4 cm diameter? 12.6 cm?

surface area of a hemisphere with a radius 36.2 m?
of 2.4 meters?

volume of a sphere with a 78 cm diameter? 248475 cm?®

volume of a box whose length is 7 cm,
width is 3 cm and depth is 12 cm? 252 cm?3

surface area of a box whose length, width
and depth are all 12 cm? 864 cm?
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PROBLEMS (calculate the following)

1. Sine (28°)

2. Tangent (0.89 radians )

3. Cosine (88°)

. . 0
Given this triangle » g C
calculate the: ®

6

4. Hypotenuse (c)

5. Cosineof 0

See page 47

0.47

1.235

0.035

10

0.8
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See page 52

PROBLEMS (calculate the following)

1. arctan (0.666) in degrees 33.7
2. Inverse cosine (0.17) in radians 1.4
3. Inverse sine [ cosine (24°) ] in degrees 66
4, arcsine (0.44) in degrees 26.1
Given this triangle ——» 86 C
what is: d

5. ¢ (in degrees) 6 53.1
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PROBLEMS (Calculate the following)

1.

2.

the common logarithm of 88
the natural logarithm of 123

the ratio of the natural logarithm of 452
to the common logarithm of 452

the natural logarithm of the common
logarithm of 333

the common logarithm of X is 3.2, what is X

the natural logarithm of Y is 6.4, what iIs Y

See page 60

1.94

4.81

2.3

0.93

1585

602
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PROBLEMS (Calculate the following)

1.

2.

log (2.99)

In (12.7 x 6.8)
log (74.3/31.7)
In (e 7-2)

- log (0.5/15)

4537 x 4,516
62 7.3

6.2 2.9

See page 65

1.387

4.459

0.37

[.2

1.477

2897.52

3065.66
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See page 86

Examples (in each case solve for “C”):

BxD
CXxE

A =

We want to isolate “C” on one side all by itself

Multiply both sides by C

BxD
E

Divide both sides by A

CxA-=

BxD
A=

C =
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Sample problem of this type:

dose = dose rate
time

Solve for time

Answer: time = dose
dose rate
mrem
hour =
mrem

hour
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See page 87

A:i_l_l
C E

Subtract D/E from both sides.

A_l:i
= C

Multiply the “A” by 1 (E/E)

AE D
E

E

N
C

Now we have a common denominator on the left
so we can add the numerators
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AE - D =
=

N
C

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”

E _ C
AE - D B
BE -

AE -D
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See page 88

B+C
D+E

Multiply both sides by (D + E)

A =

Ax(D+E)= B+C

Subtract “B” from both sides

Ax(D+E)-B=C

If we wish we may factor the A into the parentheses

(AD) + (AE)-B = C
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See page 89

First isolate the exponential by dividing both sides by “B”

CxD
A9

B

Next we get rid of the exponential by taking the inverse
which is the natural logarithm “In” of both sides

In [%] = In[e%]

But we know that the natural logarithm of an
exponential is just the exponent
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A CxD
In [—] =
B E

Now we merely have to isolate “C” which we can do by
multiplying both sides by E and dividing both sides by D

If you wished, you could expand the In of the fraction
since we know that In (A/B) =In A -In B.
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Sample problem of this type:

The equation for radioactive decay is
A=A, X e (0693x0T
Solve for t (the time it takes for A, to decay to A)

Answer:

LR eSO

-0.0693 A,

10/15/01 115



See page 90

C
A =B xlIn [—]
D

To isolate “C” we must get rid of the logarithm. To do
this, we employ the inverse which is the exponential.
But first we must remove the “B” by dividing both sides
by “B”.
i — |n [£]
B D

Now we apply the exponential to both sides.

A -3
e B =e¢ P
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But an exponential and a natural logarithm are inverses
so they cancel leaving the variables.

A _C
D

Finally, we isolate the “C” by multiplying both sides by “D”
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See page 91

To isolate “C” we need to get it into the numerator. This
will first require us to obtain a common denominator on
the right side of the equation. Then we can “flip” both
sides. We can get the common denominator by
multiplying each fraction on the right side by 1. We
multiply the first fraction by “B/B” and the second by
“A/A”. This gives us the common denominator “AB”

= DB EA DB + EA

C AB | BA AB
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Now with a single denominator on both sides we can “flip”

C AB

= DB + EA

The final step is to remove the “F from the left side by
multiplying both sides by “F”

FAB
DB + EA
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Sample problem of this type:

The equation for effective half life is:

1 1 1
—_— — —_— + —_—
Teff Trad Tbio
Teff _ Trad X Tbio

Trad + Tbio
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See page 92

A = B®

To isolate “C” we need to remove it from the power
position and get it back on a normal level. We can do
this using logarithms since we know from rule 7 that

In (b)) =aln (b). Actually we can use either common or
natural logarithms. There’s no real advantage to either

unless “B” is a power of 10 in which case common
logarithms will be simpler.

InA = In[B°]=CInB

To isolate “C” we simply divide both sides by In B

In A
In B
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See page 93

A = BxsineC

To isolate “C” we’ll need to employ the inverse of the
“sine” which is the “sine!” or “arcsine”. But first
we’ll need to isolate the sine by dividing both sides
by “B”

A sine C
B

Applying the inverse sine yields

: A : A
— -1 —
C = sine?! | = = arcsine| B |
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See page 94

A=B +C)x(D+E)

To isolate “C” we first divide both sides by “(D + E)”

A
(D + E)

= (B+0)

Now we merely subtract “B” from each side

A =
(D + E)

B =C
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See page 95

A = BxC"

The isolate “C” we need to get rid of the power “n”.
This can be done using logarithms since rule 7 states
that In (b3 =aln (b). But first we need to get rid of
the “B” from the right side by dividing both sides by
«g”

A:Cn

B

Now we can apply the logarithm (either common or
natural) to both sides

In[i] - In[C'] =nmmc
B
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YA
In[— ] = nInC
B

Now we can isolate “C” by first dividing both side by
“n” and the applying an exponential to both sides

1 A
7 In [ —] — In C
B
But remember that “aln b” Is the same as In b2. Here

“a” 1Is “A/B” and “b” is “1/n” so we get
1

NnTE)" ] = Inc
B
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1

NnTE)" ] = Inc
B

Taking the exponential of both sides eliminates both
logarithms and gives us “C”

(2

I
O

10/15/01 126



Instead of using logarithms and exponentials, you
could just take the “nt™” root of both sides of the
second equation A

o )
I
ﬁ
I
-

5 ||A
I
@)

n/i :(A)T:C
B B

Which is the same answer we got using logarithms and
exponentials
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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

Sample:

mm cm
1.000e-03 1.000e-04

1 1.000e-01
1.000e+01 | 1
1.000e+03 | 1.000e+02
2.540e+01 | 2.540e+00
3.048e+02 43.:048e+01
9.144e+02 | 9.144e+01
1.609e+06 | 1.609e+05

Convert 64 feet to mm

(test your knowledge)

LENGTH
m In
1.000e-06 3.937e-05
1.000e-03 3.937e-02
1.000e-02 3.937e-01
1 3.937e+01
2.540e-02 1
9.144e-01 3.600e+01
1.609e+03 | 6.336e+04

ft
.281e-06

.281e-03
.281e-02
.281e+00
.333e-02
1
3.000e+00

5.280e+03

See page 97
To convert from “A” to “B” find the “A” column along the top row.

Drop down to the box containing the number “1". Move across to
the “B” column. Multiply your “A” value by this number to get “B”.

yd
1.094e-06

1.094e-03
1.094e-02
1.094e+00
2.778e-02
3.333e-01
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

64 * 304.8 = 19507.2 mm
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