Rpplications of Exponential and Logarithmic Functions
Exponential Growth and Decay

P quantity \ is said to grow or decay exponentially if e vate of change
of y is proportional Yo ?ne quantity of - In other words, ylt) satisfies
We differential funchion: 4

- ( °
Some real life examples: i
tiy exponential growth: bacteria culture, compound intrest, vival spread, efc.
(i) exponential decoy: vadioactive deco, drug concentration, depreciation of assels, ...

We call K the vate of growth.
b if r20 then we say fhat § is growing exponentially
L if <0 fhen we say Hot \ is decoNing exponentially

Wecon also solve the differential equation such Hat y=C-€* where C
is the initial value.

Doub\ing'ﬁme and Half Life

IF yit) is exponentially growing, then the fime it Yakes for the initial amount
Yo double is called e doubling time, ie. tre kme t such ¥at 2¢:zc e

IE 416 is exponenhally deca\\'ms,*hen e fime it Yakes for the inikal amount +o
‘e cut in half is called e half life ,ie. the fime ¢ such thot 3C=C.e"*

Examples
1. Recent experiments on viability of the coronavirus indicates that it reduces exponentially on various
surfaces. The half life of the coronavirus on glass is estimated to be about 14 hours. (a) Starting with
100% initially, find a formula in the form A - e™ for the percentage of the virus on glass after ¢ hours.
(b) If we consider the virus no longer infectious (or viable) after it is reduced to 1% or less, estimate

how long will the virus remain infectious on glass. A =100,r = - In2)
Reference

Aerosol and Surface Stability of SARS-CoV-2 as Compared with SARS-CoV-1, N Engl J Med April 2020

Stability of SARS-CoV-2 in different environmental conditions, Lancet April 2020.

oy given: half life =14 hrs, inikal 1007 ie. (0,400) £(14,50)
asked for: B =A-e*

y\0)=A-e"°
100= A-1

) =100
50 = 100e™"



e | |l always becomes %
Inl%) = nle"") hence half:life

nlzZ")= 14y - Inle)

-5 nl2)= v

yiH=100e ™ A T e e nepptive/ vate = decoy

() given’ no longer infectious €17 ie. yl<4
asked for: fime wheve it is no longer infectious
solve [for ! yly=1

1= \ooéﬁl“\l‘l)'t
|j_.°._. e:.-hlnlz)-‘i:
n(85)= Inle ™)
nl100™) = - W Inl2) - ¢

“Inlioo) = - Inl2)- Yhis does not simplify
14 1BES° - ¢ namotter how much
=3.88 days you wank it [+o

2. A cypress beam found in the tomb of Sneferu in Egypt contained 55% of the amount of Carbon-14
found in living cypress wood. Estimate the age of the tomb given that Carbon-14 has a half-life of 5730
years.

gien: fomb wood is at 657 , cypress half life is 5730
asked for: age of tomb wood ie. T such that \(M=55
First,| we need al formulal yty=/Aer®
L 2 gy 5730
Inl4)=In (%)
Inl2")=6%30r
\
-5%30 In(D=r

)= \OOe'ﬁdnm*

Solve for T3 |\Uny=55
55= ‘00 e-gﬁ nl2)T
55 _mminlT
100- &

- e
In\E)- InleF2 T
WnlE5)=-5F0 In)- T

[ b\~
-6730 iz = ©:(3)
-9%130: *Nn : =

5730y —= T
= 4442, 105 yrs



