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Content goals:

* Differentiate types of radiation ( o, p.y. EM) by properties
* Quantized character of particle emission
* Define half-1life operationally (macroscopic view)

* Understand decline of radiation and half-lives using a microscopic. model,

+ Apply radiation and half life ideas to questions on nuclear waste,
« others . . .

Ideas brought into class:

is waves.
ovens produce radiation
contaminates other objects, making them radiocactive.

* Radiation
* Microwave
* Radiation
* Radiation harms people through contamination.

* Radiation is continuous rather than intermifttent.

* A radicactive object never gets weaker.:

* Radiation decreases but it never goes away complefely.
* Radiation treatment = chemotherapy.

* Half-1ife tells you when an object is no longer dangerous.
* Half-1ife is a wvideo game.

Some activities:

Identify & count background radiation

Find natural & man made radioactive sources

Test the contamination theory

Distinguish ionizing from electromagnetic radiation
Distinguish «,B,y by penetrating power
Distinguish «,B,y by cloud chamber tracks

Measure declining radioactivity from Bal37, develop
operational definition of half-1life using a graph.

Develop a microscopic theory fto explain the half-1life

Charlotte Walling and Andy Johnson

"Physics Survey" course at BHSU

ITdeas about half-lives at end:

Repeated division (goal)

The amount of time it takes for the number of
radiocactive atoms to decrease by 1/2. The next
time interval, the current number will decrease
by half again.

Subtraction

The amount of time it takes for the number of
radioactive atoms/ to decrease by half. The next
time interval, the other half will go.

(Implies that atoms have whole-lives).

Variation: The entire amount is gone in one half-
life.

Radiation (and atoms) are continuous
Half-1life is the amount of time it takes for a

single radioactive atom to release half of its
radiation,

Confounding rate of radiation with time
Half-1life is the amount of atoms emitted in a

certain period of time.

Accomplishments!

events relating to radiation.

* Most reached

<<

« All students were more able to assess news and current

* Students clearly distinguished EM from a,B, v

"repeated division"

ideas about half-lives in an inquiry unit on radioactivity
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Exam question:

3. A person {ills up her gos ik at the st of a long

trip. Afier driving for two
tank is half full. After four hours, she pulls in

station with the tank almost empey. Sketch a graph ol
the amount of gas in the tank:

b Does the gas in the mnk have a half=life of twio hours? Briefly cxplain your answer
Student B

Yes, because for half of the tank to be gone took 2 hours. Thew the
sther half was gowe after ansther two hours.

“if it has & half Life at first owly half of the atom is enitted into
radioactivity and the other half is left watil half of that is emitted awnd so
on wnkil nothing is left.”

*I Learned aw easier definition of half Life thaw what | found ow the
intermet, it sbmply) means that the atom decrenses by 1/2 each time.

“From what | understand, a half-Life is the anount of time it takes for the
waumber of atoms Left in play to decrease by half. | think it's the Amount
of radiation that gets emitted from the atoms every winute. I'm ot
exactly) sure | guess.”

“Wwhat shocked nee was how Low the radiation
count was fron the misrowave. You're always
told dow't stand too close to the soreen when the
microwave is ow because of the radiation.”
idea of half-life, “We used . . dice games to test the half-life
theory. | was suspicious of this theory at first

graph via the Dice Game (see below)

.

* Some students could explain half-life behavior in terms
of rules applied to nuclear processes.

because it didw't seene ramdom enowgh. However,
by rolling the dice, recording the data, and
Listemwing to Prof. Johmson, we fownd out that

* All students saw that a large number of random events half-lves do exist. , .-

can produce a predictable pattern in the aggregate. “I'me personally excited to wnderstand that
: : > . randonly discharged radiation can result bn
* Students distinguished between radiation damage and pattern of the half-life.”

contamination.

1500 ¢ The Dice Game rules: - - . . .
. (a4e. 14000) | 1. The dice are random * Students appreciated learning this topic }tﬂ%tﬁmsz“mgwt;fwizaw?
B N ' . v Just anazing how Long some ese differen
BA-137 data with two half-times " R 2 5 radioactive materials take to get rid of their
for deyeloping operational definition 2, Each die has a 1/6 chance per roll of landing on 1. radiation. It is aluost enough to wake a guy
3, When a die lands on 1, it "emifs" and is out of fthe game. e i 8ot WHAE We 60 ITh BE ob ool e
. = = = waste and how it affects us..
4, With a lar g '
ge number of dice, random variations average ouf leflcu1+1es . N . o
“I abways thought radiation was stmilar to Light L
1000 that it went b all directions from its sowrce bn an
* The word "decay" implies gradual disappearance orderly and predictable fashion. So i wondered why
j rather fhon discrete events. If impedes a :gxxﬁ;xx::ﬁ;;:&xﬁ:ﬁxﬁxﬁmw
(1865, 7000t) Class data from 1275 dice microscopic view. randow.”
i “I thi 2h wieleus s L Evi
300 - « Students fthought atoms disappear when they decay. ;3;&23;;wm:ﬂ£ﬁagﬁ;ii:xi
5 - Qoes Away.”
| * Students still say radiation is "waves" without ) L
1 _ ; = | have Learned radiation is all arownd us. So far
\ e I = saying what this means. Use of Geiger counters and it seews as if it comes in waves. There are rays
| S cloud chamber does not spontaneously eliminate the of vadiation that come bn waves and
! ) Sy I "continuous" and "waves" ideas. freauanaies.
\ > 200 (1 roll, 200 dice) O W
el e - " P L * Chemistry difficulfties: Students have poorly — it A
> 540 | i - @ . "l suel at chenuistry a W's rea & M.l‘\-a,f
9 =5 = % developed models of atoms, do not connect electrons dm%mﬂaﬂwﬂw%bﬁmammﬁubbmw
tie 12} w 150 with bonding, do not distinguish between electronic off or what we are supposed to get. So in
Inferable Atom Rules (Target ideas): S > and nuclear effects. Therefore, emission processes :32ff::2:$;ﬁ“wm“WMMmﬂ
1. Each atom has a random chance of emitting é N\ (4.9 roll, 100 dice) are hard to teach & not useful to most students.
radiation. 3 100
L
2, Each atom has a fixed probability of emitting (2.2 voll, 50 dise) y = 239 e—0.1?9x FOI" 1-he fu-l-u re.
0 @ cerpaln Fime lnyervals 50 < foven b fome B0 « Identify the origin & utility of the "waves" idea.
3. Once an atom emifs it is out of fthe game. — *» Reduce to content that can be addressed by inquiry.
3.9 rolls | 43,9 rollsp) ST
4, With a large number of atoms, random ) ; = = | * May need to teach modeling to connect dice game to Ba-137 data.
variations average out. 20 25 30 « Inquiry format is possible in radiation, but development and new

1@H&HHIEH!!hL 0 5 10 15
Number of rolls (x)

tools (simulations?) are needed,



