Chapter 10: Debris and the Formation of the Solar System

Radioactive elements decay with a characteristic :
the time it takes for half of a sample to decay.

alpha decay produces an alpha particle (essentially a
beta decay involves
B- decay is the conversion of a into a
B+ decay involves positron emission or electron

To age date a meteorite, you would preferably use a radioactive
isotope that has a very long half-life, e.g.,

40K decays into 49Ar with a half-life of 1.3 Gyr
238l decays into 296Pb with a half-life of 4.5 Gyr
87Rb decays into 87Sr with a half-life of 49.7 Gyr



Periodic Table of Elements
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We typically encounter the 39K and 4%Ar isotopes for potassium
and argon, or 19p+20n and 18p+22n, respectively.

How many protons and neutrons are in 40K?

What is necessary for 49K to decay into 40Ar?

We typically encounter the 85Rb and 83Sr isotopes for rubidium
and strontium, or 37p+48n and 38p+50n, respectively.

How many protons and neutrons are in 87Rb?

How many protons and neutrons are in 87Sr?

What is necessary for 87Rb to decay into 87Sr?



0.16% B

——— BPa—

(3} ﬂ 19
238 231 . 234m 1.17 min B7h (234 2
E— — : —
02U o0 Th o1 ’a 99.84% 7 02U
4,468x10° y 24.1 d a 2.445%10% y
1.17 min

o o i
2§§Rn s 2;3130 . 214Pb 214Bl s 214PO s 210Pb s 210Bl ; 210P0 ; 206Pb
3.8235 d 3.05 min 26.8 min 19.0 min 164.3 ps 22.26 v 5,013 d 135.38d

- J -~ e | . et et et
~p=-Vanilinloetlanl~Jeot do]o -/ 1 B 'Y €38 N L) j’ﬁ,““/“'"r\-/:_ or~tef A 'Y ) (=28 S S
T CIfTIINE Sy \-4-"-}\./\-4-&- N./Vd--\-v IfAG -\-J-/-\JJ - " -‘\:“\d-"'\/\:u\a\—-/‘ @ W Wl ) Wl W - o o
- e s vy ") [ ] .ﬂ“‘/-,— -
- - ™ o - - g L - ham ¢ ’
A -/ﬂ _/__ﬂ o IR CY I N AXST SIT&EX ‘ _/f‘ YY) £J0 (Y= ~ S () S&=IDT 'y £
e - . - N WN WA E &R N W i o et S AN NN N [ et -/ L AL L - Wi - = A o @ L L



The equation for the number of particles as a function of time is
n(t) — n(t=0) 2-t/t_half

or

t=t half 3.322 log1o[n(t=0)/n(t)].

Q: Suppose that in the Trappist-1
planetary system you encounter
an alien race that stupidly has decided to use third-lives instead
of half-lives for expressing radioactive decay rates. What would
be the equivalent mathematical expressions?

n(t) =

t=




Review Examples 1 & 2 on Pages 3 & 4

Q: Suppose we have rock that initially had no 4°Ar but now has
40% as much 49Ar as 4°K. How old is the rock?

You gotta love small-town local news: meteorite hits Wethersfield
home in 1982.

In-class group work on radioactivity (see Chapter 10 Tutorials
link)


https://www.youtube.com/watch?v=Mffm2ZDGAZo

