MONTE CARLO COIN AREA EXERCISE
________________





________________________
Date 







Names

R. Dower     07/31/2025




rickdower@gmail.com
Obtain a page of coin images within a rectangle, carbon paper, and a small hard ball. 
Place the coin image page on the floor with the image side up. 
Place the carbon paper on the image page with the carbon side down.

Partner 1 stands about 1 m from the image page and tosses the ball underhand at the page from about 1 m above the floor. Partner 2 catches the ball after it hits the page and returns the ball to Partner 1. Repeat for about 100 throws. Partners exchange roles for another 100 throws.

Return the carbon paper, examine your coin image data page, and enter values below.

Nh = number of marks in the rectangle that hit the coin images         = _________
        COUNT A HIT ONLY IF THE CENTER OF THE MARK IS WITHIN A COIN IMAGE.

Nm = number of marks in the rectangle that missed the coin images = _________
        COUNT AS MISSES ALL MARKS THAT ARE NOT HITS.

NT = total number of marks in the rectangle on the paper                  = _________
Nc = number of coin images = _________      Ar = area of rectangle = _________ cm2
Devise a method to calculate the approximate area of a coin using your values. Since randomness is involved in the measurements, this is called a Monte Carlo method, named after the famous Casino in Monaco. By counting coin hits made by the center of the ball, we assume the ball projectile size is much smaller than the coin image size.
Use your Monte Carlo method to calculate the coin image area (Amc).
Combine your data with others who used images of the same coin type and calculate the coin area (Amcc) from the combined data with your Monte Carlo method.
Measure the diameter of the coin image on the page and use that measurement to calculate the coin’s geometric area (Ag). Compare your Ag and Amcc values.

   dc = measured diameter of coin image                     = _________ cm

Note: The process described above is analogous to measuring the interaction cross-section of a projectile particle and a target particle in particle physics experiments.
Additional Considerations

1. Why is important to count as hits only those marks whose center is within the coin image?

2. Describe one or more ways to improve the accuracy of the coin area value resulting from a Monte Carlo method experiment.

3. Coin images in this exercise are arranged symmetrically in a rectangle. Does that influence the result of the experiment? If so, explain how. If not, explain why not.

4. In his May 1932 paper, James Chadwick supposed that some neutrons incident on a target material would be scattered (or absorbed) by atomic nuclei in the material. If a nucleus has cross-section area = (r2, where r = the effective radius of the nucleus, the material has density of nuclei = n nuclei/m3 and thickness = t, then 
fraction of the incident neutrons scattered = 
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(a) Make arguments to derive Chadwick’s equation.
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( = scattering nucleus
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A = area of scattering material


n·(




      (

n = density of scattering nuclei
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t = thickness of scattering material
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Assume the scattering sites are small
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so that there is little chance of overlap.

Dots labeled “n” indicate incident neutrons.
  t

(b) The molar mass of lead (Pb) is MPb = 207 g. (A = 207) There are NA = 6.02 x 1023 atoms in one mole. The density of lead is (Pb = 11.3 g/cm3. Calculate nPb.

(c) When a lead block 1 inch (2.54 cm) thick was placed between his neutron source and his counter, Chadwick counted 166 neutrons per hour. Without the lead block in place, the counting rate was 190 neutrons per hour. Calculate scattering radius (R) of a lead nucleus. Compare this measured value to the standard calculation R = R0 A1/3, R0 = 1.2 fm.

[image: image2.jpg]




[image: image3.jpg]




[image: image4.jpg]i
y

b
i i
ripg y
: 10 Au\‘l}h’lﬂ.f ,'{

1““'

Neo J
N 9

L (i

WAL

R P00






[image: image5.jpg]\ y.}(; 1
NS
‘)\\} (;(y\\‘.\\"l"" ]

oA
7O u:(:s’[‘(’
AN/
PNl
= ")

O





_1309589173.unknown

