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Point Source/Inverse Square

Line Source, Area Source, Volume Source



SHIELDING
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SHIELDING



Describe general considerations for shielding

Describe the considerations for shielding alpha-
emitting radioactive material

Objectives
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Describe the considerations for shielding beta-
emitting radioactive material

Explain the difference in linear and mass 
attenuation coefficients



Objectives

Explain how the probability of photon attenuation 
changes with photon energy and Z of absorber

Use the photon attenuation equation to determine 
shielded dose rates, etc.
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Determine dose rate attenuation from shielding 
using a buildup factor



General Shielding Considerations

Shielding thickness depends on three things:

Energy:  The greater the energy of the radiation, the greater 
the required thickness of shielding

Intensity:  The higher the radiation intensity, and the more it 

- Slide 5 -H-201 - Health Physics Technology

must be reduced, the thicker the shield

Material:  
• For photons, as the atomic number of the shield goes 

down, the shielding thickness goes up.  
• For neutrons, as the hydrogen content goes down, the 

shielding thickness goes up.

The type of shielding also depends, of course, on the type of 
radiation to be shielded



Alpha Radiation Shielding

Most alpha-emitting radionuclides
have energies between 4 – 7 MeV (>7.5 MeV 
required to penetrate dead layer of skin)  
Note: Both radon and thoron decay products 
include >7 5 MeV alpha particle emitters

- Slide 6 -H-201 - Health Physics Technology

include >7.5 MeV alpha particle emitters…
emit low-energy gammas, X-rays and conversion 
electrons (e.g. U-235:  see Isotopes 73, 74)
decay to daughters that emit betas and gammas

Internal dosimetry issue mainly, but external 
dosimetry issues arise with large activities



Beta Radiation Shielding

Beta-emitters (positive and negative)
contribute most of their dose based on ~ 1/3 Emax

• >70 keV – penetrates dead layer of skin
• >800 keV – lens of eye hazard
• >2.1 MeV – whole body hazard (e.g., Rb-88)
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y ( g , )
also emit gammas (common “pure” beta-emitters 
include 3H, 14C, 32P, and 35S)
can produce bremsstrahlung (most likely due to 
high energy beta interacting with high Z material)
can produce annihilation radiation after β+ decay

Common radionuclides primarily represent an 
external hazard to skin, but other hazards can exist



Si b t hl d ti d d th

Shielding Betas 

Low-Z materials, e.g., plastic such as 
Lucite, can be used to completely shield 
betas (consider Emax)
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Since bremsstrahlung production depends on the 
both the atomic number, Z, of the shielding material 
and the beta energy, the fraction of beta energy that 
is converted to photons can be approximated by the 
following relationship:

f = 3.5 x 10-4 Z Emax



The probability that a photon interacts per unit distance 
traveled in a material is defined as the linear attenuation 
coefficient, μ.   

μ includes the probabilities of the different possible 

Photon Shielding Coefficients
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photon interactions:

μ = μ PE + μ CS + μ PP

The contribution of the different interactions depends on 
the energy of the photon as well as the shielding material

The dimensions of the linear attenuation coefficient are 
typically in cm-1 (or 1/cm).



Linear Attenuation Coefficient vs. Energy



~Z4 ~~Z ~~Z2

Probability of Effect with Z of Absorber



Mass Attenuation Coefficients

The mass attenuation coefficient (MAC) is a measure 
of the average number of interactions between 
incident photons and matter that occur in a given 
mass-per-unit area thickness of material traversed
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MAC = LAC divided by the density of the material (μ/ρ)

Since LAC has dimensions of 1/cm and density has 
dimensions of g/cm3, the MAC has dimensions of 
(1/cm) / (g/cm3) = cm2/g

MACs are typically given in tables or graphs from 
which LACs can be determined (see MISC-23 et seq.)



Determining LAC from MAC

Multiply the MAC by the density of the material to 
calculate LAC:

μ/ρ x ρ = μ
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(cm2/g) x (g/cm3) = 1/cm
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Mass Attenuation Coefficient vs. Energy



Mass Attenuation Coefficient vs. Energy



Mass Energy-Absorption Coefficient

The mass energy-absorption coefficient is a measure 
of the average fractional amount of incident photon 
energy transferred to kinetic energy of charged 
particles as a result of photon interactions with matter 
(μen/ρ)
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(μen ρ)

Energy not deposited include losses from 
bremsstrahlung, positron annihilation, fluorescence 
photons, etc.

See  MISC-26



I = I0e(-μx)

Where:

I0 is the unshielded intensity (or dose rate) 

Photon Attenuation
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0 y ( )
I is shielded intensity
μ is the linear attenuation coefficient for the 
shielding material with units of cm-1

x is the thickness of the shielding material



What is the dose rate after shielding a source that 
emits only 1 MeV photons if the unshielded dose rate 
is 100 mrem/h and the source is shielded by 1/2 inch 
lead?

Attenuation Example
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Hint:  Determine LAC from MAC to use in the 
shielding equation



The mass attenuation coefficient for 1 MeV photons 
for lead is 0.0708 cm2/g (MISC-24)

However, we need the LAC.  To get this we need the 
density of the material in which the radiation is

Attenuation Example
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density of the material in which the radiation is 
interacting (MISC-7)

The density of lead is 11.35 g/cm3

(μ/ρ)(ρ) = (0.0708 cm2/g)(11.35 g/cm3) = 0.8 cm-1 = μ



I = I0e(-μx)

I = (100 mrem/h) e[-(0.8/cm)(0.5 in)(2.54 cm/in)]

I = (100 mrem/h)(0 36) = 36 mrem/h

Attenuation Example
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I = (100 mrem/h)(0.36) = 36 mrem/h



The linear attenuation coefficient is used to determine 
the amount of shielding needed

An absorption coefficient is used to determine the 
amount of energy that is absorbed that is the dose

Attenuation vs. Absorption
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amount of energy that is absorbed, that is, the dose

The mass energy-absorption coefficient is typically 
referred to as μen/ρ

Turn to MISC-26



HVL and TVL

The amount of shielding required to reduce the dose 
rate by 1/2 is called the half-value layer or HVL

HVLs for given materials are based on photon energy
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The amount of shielding needed to reduce the dose 
rate by a factor of 10 is called the tenth-value layer or 
TVL

Turn to MISC-11



HVL, TVL and μ

The HVL and TVL are mathematically related to μ as 
follows:

HVL = ln(2)/μ

- Slide 24 -H-201 - Health Physics Technology

HVL = ln(2)/μ

TVL = ln(10)/μ



HVL Example

Determine the lead HVL for Cs-137 photons using the 
shielding equation.

Given:
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I = I0e(-μx)

Cs-137 has 0.662 MeV photons

To find μ, first turn to MISC-24 to determine the MAC



Interpolate from MISC-24:

[(0.0885 - 0.125) / (800 – 600)] = [(? – 0.125) / (662 – 600)]

HVL Example
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MAC = 0.114 cm2/g = μ/ρ

(μ/ρ)(ρ) = (0.114 cm2/g)(11.35 g/cm3)  = 1.29 cm-1 = μ



I = I0e(-μx) and I / I0 = e(-μx) ;  for HVLs,    I / I0 = ½ 

½ = e(-μx) ;   ½ = e-(1.29/cm)(X cm)

ln(1/2) = (1 29/cm)(X cm)

HVL Example
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ln(1/2) = -(1.29/cm)(X cm)

-(-0.693) = (1.29)(X)

X = 0.54 cm Pb

Also, using HVL = ln(2)/μ = 0.54 cm Pb

Note, however, using MISC-11 table, HVL = 0.65 cm Pb

Why the difference?



The shielding equation does not fully account for photon 
interactions within shielding materials when you have broad beams 
or very thick shields. To account for scattered photons and other 
secondary radiations, we use the buildup factor, B.

Attenuation & Buildup
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Buildup Factor

I = I0 B e(-μx)

B = [1° + 2° / 1°] ≥ 1
1° = unattenuated radiation
2° = scattered radiation
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The buildup factor is dependent on the type and 
amount of shielding material and the energy of the 
photon.

Buildup factors have been calculated for many 
different types of shielding materials and can be found 
in tables (see MISC-34).



First use B = 1 and solve for μx

Then use μx to find B from a table (MISC-34, 35, 36)

Determining Buildup Factor
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Using this value of B, determine a new value for μx

Continue this iterative process until B and μx 
converge to stable values



What amount of lead shielding is needed to reduce the 
dose rate from 100 mrem/h to 2 mrem/h for 1 MeV
photons? Given μ = 0.8 cm-1 (previous example)

Buildup Example
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I = I0 B e(-μx) 

Assume B = 1

Now determine μx:

2 mrem/h = (100 mrem/h)(1) e(-μx)



ln(2/100) = ln[e(-μx)]

μx = 3.91 (Note:  x = 3.91/0.8 cm-1 = 4.89 cm with B = 1)

Next find B for μx = 3 91

Buildup Example
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Next, find B for μx = 3.91

Interpolate:  for μx = 4, B = 2.26; for μx = 2, B = 1.69 so,

(4-2)/(2.26-1.69) = (4-3.91)/(2.26 - ?)

2/0.57 = 0.09/(2.26 - ?)



3.51 = 0.09/(2.26 - ?)

(2.26 - ?) = 0.09/3.51

- ? = (0 09/3 51) - 2 26

Buildup Example
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- ? = (0.09/3.51) - 2.26

? = 2.26 - 0.03

? = 2.23 = B



Now solve for μx using B = 2.23:

I = I0 B e(-μx)

2 mrem/h = (100 mrem/h)(2.23) e(-μx)

Buildup Example
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ln(2/223) = ln[e(-μx)]

μx = 4.71 (Note: x = 4.71/0.8 cm-1 = 5.89 cm with B = 2.23)

x increased from 4.89 cm to 5.89 cm (17%) due to buildup

Question: Are more iterations needed?



Interpolating Buildup

A less precise alternative to interpolation is to use the 
μx that would give the most conservative value of B.  
In this case you would select B = 2.26.

When the energy of a photon is not listed, double 
interpolation is necessary That is interpolation for
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interpolation is necessary.  That is, interpolation for 
the energy is required prior to interpolation for the 
value of μx.



Problem

What thickness of lead shielding is required to reduce 
the dose rate from a 137Cs source from 175 mrem hr-1

to 5 mrem hr-1?
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Problem

A 1-MeV gamma point source is to be shielded with 
water.  The dose rate is to be reduced from 1 rem hr-1

to 10 mrem hr-1.  What is the buildup factor for this 
case (after at least two iterations)?  How much water 
is required?
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q



END OF
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SHIELDING



GAMMA
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CONSTANT



Determine attenuation from shielding and calculate 
buildup

Explain how each gamma emitting radionuclide has 

Objectives

- Slide 40 -H-201 - Health Physics Technology

p a o eac ga a e tt g ad o uc de as
a unique exposure rate constant associated with it

Use the exposure rate constant correctly in an 
exposure calculation



The gamma constant (Γ) specifies the exposure rate 
for a radionuclide

Gamma Constant
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Lets see where it comes from



1 R = 2.58 x 10-4 C
kg

x 1 kg
1000 gm

6.242 x 1018x IP
C

x 34 eV 1.6 x 10-12x ergs =   87.6 ergs

Röentgen vs Rad
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IP eV gm

Since 1 rad = 100 ergs
gm

1 R =   87.6 ergs

gm

x

100 ergs
gm

1 rad =   0.876 rad



If 1 R = 0.876 rad, then why did NRC (in the previous      
10 CFR Part 20) define 1 R as approximately equal to       
1 rad?  0.876 is not approximately equal to 1 !

ANSWER:

Röentgen vs Rad
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1 R of exposure equals 0.876 rad of dose in AIR

But 1 R of exposure is approximately equal to 1 rad of 
dose in TISSUE

Let’s see how. 



To convert from R in 
air to rad in tissue, we 
need to compare the 
mass energy 
absorption coefficients 

Röentgen
vs Rad

p
of these two media and 
multiply the ratio by 
the Röentgen to rad
conversion factor in air 
which we just derived

(SEE MISC-26)



The units of the gamma constant are typically given as

at 1 cm = 
R

hr - mCi

R - cm2

hr - mCi

Units
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or

at 1 m = 
R

hr - Ci

R - m2

hr - Ci

(see MISC-10)



Converting from “cm & mCi” to “m & Ci”

Converting Units

Γ x xR - cm2 1000 mCi 1 m
2

= Γ R - m2
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Γ x x
hr - mCi Ci 100 cm

=
10 hr - Ci

see MISC-10



Dose rate = 
Γ A

r2

Dose Rate vs. Dose

R
hr

= Γ xR - m2

hr - Ci

Ci

m2
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Dose, D = 
Γ A  t

r2
R = Γ xR - m2

hr - Ci

Ci

m2
x hr



<0.1 0.1 - 0.3 0.3 - 0.5 0.5 - 1 >1

109Pd 0.003 99Mo 0.18 63Ni 0.31 59Fe 0.64 60Co 1.32

Sample Gamma Constants

R - m2

hr - Ci
Γ = 
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133Xe 0.01 131I 0.22 137Cs 0.33 226Ra 0.83 24Na 1.84
125I 0.07 65Zn 0.27 95Zr 0.41

54Mn 0.47
192Ir 0.48

For the same activity (Ci) and the same distance (m):
Co = 3 x Ir or 4 x Cs or 6 x I Ir = 2 x I Cs = 1.5 x I



(MISC-40)

R-m2

hr-Ci0.38

137Cs

Γ



Page Isotopes-20

Why is γ emitted 89.8% instead of 100% ?
Photon Energy = 0.6616 MeV
Conversion Electron Energy = 0.6242 MeV
Difference = 0.6616 - 0.6242 = 0.037 MeV
K-Shell Binding Energy (next page)

Page Isotopes-8



(MISC-28)



Page Isotopes-20

See MISC-45

Page Isotopes-8

0.946 * 0.898 = 0.85



R-m2

hr-Ci
0.38

x 0.85
0.32

(MISC-40)



Γ ≈ 0.5 E  Y          @ 1 meter
R

hr

Gamma Constant Rule of Thumb

Γ ≈ 6 E Y          @ 1 foot
R

hr
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hr

E = energy of the photon (MeV)
Y = yield of the photon (fraction emitted per

transformation, e.g., 0.85 for 137Cs).  Also known as “n” 

If more than one photon, sum the products of E and n

Γ ≈ 6 Σ Ei Yi @ 1 foot
R

hr



Problem

An individual walks into a room containing a 500-curie 60Co beam-
type irradiator.  All indications are that the beam exit port is closed.  
The individual stands in the path of the beam and performs work on 
a piece of medical equipment located approximately one meter 
from the source.  The individual works for about 5 minutes and then 
exits the room.  Upon exiting, the individual discovers that the 

- Slide 55 -H-201 - Health Physics Technology

p g,
beam port was open the entire time.  You are the resident expert.  
You are called at home and asked to estimate the dose received.  
You have no reference material with you.

a. What is the individual’s estimated dose?

b. Is this an overexposure?



END OF
GAMMA
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GAMMA
CONSTANT



POINT SOURCE
AND
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AND
INVERSE SQUARE



Understand how radiation is affected by 
distance from a point source

C l l t th d f i t

Objectives
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Calculate the dose from a point source



Surface Area of 
a Sphere is:

Point Source
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p

4 π r2



For a photon emitter located at the center of a sphere, 
the fluence rate, or intensity, I, can be related to the 
photon emission rate, S, as follows:

Point Source

I =
S

4 r2π

- Slide 60 -H-201 - Health Physics Technology

2.9 x 105
photons

cm2 - sec - Ci

3.7 x 1010

4 π x 104 cm2

photons

sec - Ci
=

4     r2π

Therefore, a 1-curie point source in a sphere with a 
radius of 1 meter (100 cm):

I =



Point Source
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1 cm

1 cm

1 m

2.9 x 105
photons

sec cm2

1 Ci



For a given point 
source, changing 
the radius of the 
sphere changes the 
intensity, I, (i.e., the 
l h h

Point Source

S2 = S1
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larger sphere has 
less photons per 
square cm) but the 
photon emission 
rate, S, doesn’t 
change.

I2 < I1



S1 = S2= S3



I =
S

4     r2π
S = I (4    r2) = 4   (Ir2)ππ

S = 4 I (r )2π

Inverse Square
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S1 = 4    I1(r1)2π

= I2(r2)2I1(r1)2

=  4 I2(r2)2π4   I1(r1)2π

S2 = 4    I2(r2)2π



A measurement made at 1 m yields 100 mR/hr.  What 
would the exposure rate be at 4.5 m?

Inverse Square Example 1

= I2(r2)2I1(r1)2
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where I2 is unknown, I1 = 100, r1 = 1 and r2 = 4.5

I x (4.5 m)2 = 100 mR/hr x (1 m)2

I  =
100 x 12

4.52
= 100 mR/hr x 1 m2

20.25 m2
= 4.94 mR/hr

(Sanity Check)



A measurement yields 100 mR/hr.  A second 
measurement 5 m farther from the source yields 44 
mR/hr.  What is the original distance from the source?

?5 m

100 mR/hr44 mR/hr

Inverse Square Example 2

r1= I2(r2)2I1(r1)2
xx
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We know I1 and I2, but we don’t know r1 and r2

We do know that r2 = r1 + 5 m.  Solve for r1 and then r2

r2
1 I2(r2)I1(r1)



If you have “squares” on 
both sides of an equation, 
DON’T EXPAND.  Instead, 
get rid of the “squares.”

=   I2  (r1 + 5 m)2

I1
I2

(r1)2 = (r1 + 5 m)2

Inverse Square Example 2

= I2(r2)2I1(r1)2
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I1
I2

(r1)2 =    (r1 + 5 m)2

I1
I2

r1 =  (r1 + 5 m)

r1 - r1 =  5 m
I1
I2

- 1 r1 =  5 m
I1
I2



Since we know I, I0 and d, let’s solve for r

r1 = 
5 m

- 1 
I1
I2

= 
5 m

- 1 
100
44

Inverse Square Example 2
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I2 44

r1 = 
5 m

- 1 2.273
= 

5 m

- 1 1.51
=

5 m

0.51

r1 = 9.8 m



So r1 is 9.8 m and r2 = r1 + 5 m = 14.8 m

According to the equation:

Inverse Square Example 2

= I2(r2)2I1(r1)2
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100 x (9.8 m)2 = 44
mR
hr

mR
hr

x (14.8 m)2

If you actually do the math the two sides are 
only approximately equal due to roundoff



Remember also that there are two point source 
equations in which the inverse square is used:

D =
Γ A

=
mR

Dose vs. Dose Rate
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Drate = 
r2

=
hr

Ddose = 
Γ A  t

r2
=   mR



Isotope R-cm2  

hr-mCi 
Surface Dose 
Rate (R/min)

Dose Rate at
1 cm* (R/min)

Dose Rate at
3 cm* (R/min)

Approximate gamma dose rate to the hand
from a 1 Ci Sealed Source

Γ

Very Small Distances
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137Cs 3.26 513 28 3.7

226Ra 8.25 1310 72 9.7

192Ir 4.8 813 43 5.5

60Co 13.0 2075 114 16.0

(Table 6, NCRP Report No. 40)(* depth in tissue)



What is the exposure received by an individual who 
spends one minute at 3 m from an unshielded 100 Ci 
192Ir source?

Problem

- Slide 72 -H-201 - Health Physics Technology



An individual is involved in an exposure incident.  She 
states that she was about 4 m from an unshielded 100 Ci 
137Cs source for about 10 min.  The dosimeter (TLD) worn 
by the individual is processed and registers 2.24 rem.  
What is your conclusion about the individual's statement?

Problem
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Tech A measures 5 mR/hr at 6 m from a point source.  
Tech B measures 45 mR/hr.  How far from the source is 
Tech B?

Problem
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A radiation source is located in a room.  The licensee 
has previously made a measurement which indicates   
25 mrem/hr.  You measure 20 mrem/hr.  What are some 
possible explanations for this discrepancy?

Problem
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You are told that the exposure rate at 5 m from an 
unshielded 192Ir source is 10 mR/hr.  What is your 
estimate of the activity of the source?

Problem
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END OF
POINT SOURCE
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POINT SOURCE
AND

INVERSE SQUARE



LINE SOURCELINE SOURCE
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LINE SOURCELINE SOURCE



Understand how radiation is affected by distance 
from a line source

Calculate the dose from a line source

Objectives

- Slide 79 -H-201 - Health Physics Technology

Calculate the dose from a line source



LL + LR = L

L = length of source

h = perpendicular 

LL LR

h

Line Source
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distance from source

r = actual distance from 
any point on the source

“L” & “h” are constants

“r” is a variable

rmax

rmax

θL
θR

P



D =
Γ A

A “Line” is Just
a Series of Points

- Slide 81 -H-201 - Health Physics Technology

Drate = 
r2

You are here !

r



δD
Γ CL δL

LL LR

h

r
rmax

θ

D = Γ A
r2

Γ CL L
r2=

Integration or Adding Up
Point Source Contributions
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where A = CL x L = (μCi/cm) x cm = μCi

δD = L

r2
rmax

θL
θR

P



LL LR

h

rmax

rmax

θ
θR

Drate =
Γ CL

h
arctan

LL

h
+ arctan

LR

h

Drate =
Γ CL (  θL + θR )OR

Integration or Adding Up
Point Source Contributions
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θL
R

P

Drate
h

( L R )

ΓCL

h
=

ΓA
hL

If L goes to ∞, then arctan (Li/h) goes to 1.57 radians = π/2

so that,                          for a VERY LONG line !Drate =                
π Γ CL

h



Converting from
Degrees to Radians

π = 3.14

360° = 2 π radians = 6.28
180° = π radians = 3.14
90° = π /2 radians  = 1.57
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Page Misc-15 has a Table of Degrees,
Radians, Tangents and ArcTangents

45° = π /4 radians  = 0.79
30° = π /6 radians  = 0.52

tan 30° = 0.58    and    arctan 0.58 = 0.52 radians = 30°



An individual stands 4 m from a pipe carrying a Co60

solution.  The concentration is 10 mCi/cm3.  The pipe 
penetrates a very thick concrete wall at either end.  
The walls are 6 m apart.  The individual is 2 m from 
one of the walls The radius of the pipe is 10 cm

Problem
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one of the walls.  The radius of the pipe is 10 cm.  
What is the dose rate?



What would the dose rate be in the previous problem if 
all the activity in the pipe were concentrated at a point 
4 m from the individual?

Problem
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What would the dose rate be in the first problem if the 
pipe had an infinite length?

Problem
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How would the dose rates from the point source in the 
second problem and the line source in the first problem 
compare if the individual was 8 m away?

Problem
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10%

Ratio of distance 
from line to length 

of line (h/L)

% difference between 
point & line equations 

{[(Point-Line)/Line]x100}

0.1 264.060
0.5 27.324
1 0 7 841

Comparison of
Point and Line Source
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1%

1.0 7.841
1.5 3.600
2.0 2.050
2.5 1.319
3.0 0.919
3.5 0.677
4.0 0.519
4.5 0.410
5.0 0.332



A one foot section of straight iridium brachytherapy wire 
with a total activity of 32 mCi is accidentally dropped on 
the floor.  An individual not familiar with such sources 
sees the wire, picks it up and places it on a table in 
someone's office.  Not realizing the source is there, the 

Problem
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g ,
occupant of the office sits at her desk for 3 hours.  She is 
about 6 feet from the wire directly centered on it.

a) determine her dose
b) explain why you used the method you did



END OF
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END OF
LINE SOURCE



AREA SOURCE
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AREA SOURCE



Understand how radiation is affected by distance 
from an area source

Calculate the dose from an area source

Objectives

- Slide 93 -H-201 - Health Physics Technology

Calculate the dose from an area source



An Area Source is
Just a Round Pizza

Each point on the surface 
of the pizza contributes to 
the dose via the point 
source equation.  
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r

side view



Rather than repeat the point source equation thousands 
of times we can slice the pizza into rings (not wedges) 
and take a small piece of the outermost ring.  We 
integrate (add up) all the doses from each point on that 
ring.

Integration or Adding Up
Point Source Contributions
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We then move in towards the 
center to the next ring and 
repeat the process.  Effectively 
we are integrating (adding up) 
the contribution from each ring 
as the radius varies from R 
(which is the radius of the whole 
pizza) to 0.

R



If the point at which we are 
calculating the dose is centered, 
then the dose from each point on a 
given ring is the same. R

Integration or Adding Up
Point Source Contributions
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The dose contribution increases 
as we approach the center of the 
rings since the center is closest 
to the point of interest “P”

side view

r

h
P



The Result of the Double Integral

CA = 
A

π R2
πDrate = Γ CA ln R2 + h2

h2
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D = 
r2

Γ ASimilar to

R2 + h2

h2
Drate = Γ A  ln

R2



d

R

Equivalent Areas

Area of square = 2d x 2d = 4d2

Area of Equivalent Circle = πR2

To make them equal:
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q

πR2 = 4d2

R2 = 4d2/π

R = √ 4d2/π = 2d/√ π

R = 1.13 d



Equivalent Areas
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A radiation worker walks into the 
room where a large pool type 
irradiator source is exposed.  Upon 
rounding a concrete wall and seeing 
the source out of the pool, the 
worker turns and runs out of the 
room

Problem

front
view

x

y
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room.  

source = 60Co
activity = 106 Ci
distance from source (h) = 1 m
source dimensions:
source length (x) = width (y) = 3 m
source thickness (t) = 0.02 m

looking down from above

concrete wall

h
t



estimate the worker's dose

if the entire source activity were concentrated at a 
single point at the center of the actual source, what 
would your dose estimate be

Problem
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y

how far from the source would the worker have to 
stand so that the doses from the actual planar source 
and the hypothetical point source would be 
approximately equal (less than a 1% difference)



Ratio of distance from 
circle to diameter of 

circle (h/2R)

% difference between 
point & area equations 

{[(Point-Area)/Area] x 100}

0.1 667.319
0.5 44.270
1 0 12 036

Comparison of
Point and Area Source
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10%

1%

1.0 12.036
1.5 5.458
2.0 3.093
2.5 1.987
3.0 1.383
3.5 1.017
4.0 0.779
4.5 0.616
5.0 0.499



Problem

A source manufacturing facility has a spill of radioactive 
Mn54 in powdered form.  As the initial responder you 
visually scan the spill area and note that although the 
edges of the spill are irregular, the extent of the spill 
appears to be about 1.5 meters in diameter.  You take a 
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small dose rate meter and attach it to a pole.  From a 
safe distance, holding the meter over the approximate 
center of the spill you obtain a reading of about 22 
mrem/hr.  The instrument is about 1.5 meters above the 
floor.  Calculate the amount of activity deposited in the 
spill.



Problem

The floor of a large storage room is contaminated with 
about 10 Ci of 106Ru.  The contamination is spread over 
an area about 10 meters in diameter.  How high above 
the center of the floor would you expect to find an 
exposure rate of 100 mR/hr?
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END OF
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AREA SOURCE



VOLUME SOURCE
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VOLUME SOURCE



Understand how radiation is affected by distance 
from a volume source

Calculate the dose from a simple volume source

Objectives
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Calculate the dose from a simple volume source



Each point on the top surface 
of the drum is just an area 
source and each point on 
that surface contributes to 
th d i th i t

A Drum is a Volume Source
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the dose via the point source 
equation.  We can solve for 
the total dose from the top of 
the drum by simply using the 
area source equation.



Now we can slice the drum into 
many stacked area sources (a stack 
of pizzas).  

A Drum is a Volume Source

We can calculate the dose from each 
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level using the area source equation.  
The only difference is that the 
photons emitted from all the levels 
except the top one have to penetrate 
the slices above them.  This results in 
a correction factor that includes the 
exponential attenuation equation. 



T is the height of the drum, h is the distance from the 

CV = 
A

B R2 T
BDrate = '

:
R2 + h2

h2
CV (1 - e- T) ln:

Integration or Adding Up
Point Source Contributions
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[ units of : (cm-1) & T (cm) cancel ]

g ,
top of the drum to the point of interest & R is the radius 
of the drum

Drate = '
: R2 T

R2 + h2

h2
A      (1 - e- T) ln:



If :T is small such as for a 
very thin drum then: e- :T . 1 - : T  

Drate = '
: R2 T

R2 + h2

h2
A      (1 - [1 - :T]) ln

Integration or Adding Up
Point Source Contributions
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This is just the
area source equation.

:

Drate = '
: R2 T

R2 + h2

h2
A      (:T) ln

Drate = '
R2

R2 + h2

h2
A  ln



END OF
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VOLUME SOURCE



END OF
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CHAPTER 5
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