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This section covers the £: We can use the Calculating to measure the exponential growth and Decay using equaA§Apes differentials and Separation £ the variAjveis. Note that we studied here and Exponential Functions EquaA§Apes Differential here sections.Introduction previously to the exponential growth and DecayRemember the exponential
growth or Decay means somethmg estAj increasing or decreasing an exponential rate (more than Fast if linear). We will see normally and exponential growth decadA2ncia problems concerning populaA§Anes s, Bacta © holiday, temperature, and so on, usually in the funASA £ time.Solving _problems exponential growth using Differential EquationsIt
turns out that, if a funA§ A £ & © exponentially as the many applications £ sA the mudanAS§a Variable rate of a value proportional to A © than variable.So, we have: \ (\ displaystyle \ frac {dy} { {} {}} dt =ky\) or\ (y = {} A ¢ ky\). This A © where the Calculating goes: we can use a equaA§A £ differential for the following: AAAAAAAAAAAAaa
aaaaaaaaaaaaaaaaayyyy an exponential increase and Decay FormulaA For funA§ the A £ \ (y> 0) that funASA © £ diferenciAjvel of the\ (T\) and\ (y = {} A¢ ky\):\ (Y = {C} and { ~ kt {{}}} )\ (C\) A © initial value \ (Y \) \ (k) is the proportionality constant.For \ (k> 0 \), we will have exponential growth , and \ (k 0 \).) \ (\ DisplayStyle \
begin {align} \ frac {dy} {} {}} & {dt = ky = ky \ & dy \ \\\ frac {dt cdot dy} {} {} &y = K\, {{int dt\\\ frac {1}} {y\, & dy}} =\int {} {} kdt In \\\ left (y \ right) & KT = {+} _{C} \\ {1}} and {{{{" \In\left (y \right)}}} & {e} = {{{" kt + {C{_{1}}}}}} \ &y = {{{{a} " kt}}}\cdot {~} and {{{{{C} _{1}}}}} ={{ekt ™ {} {}}}\
cdot C = {C} and {~ kt {{}}} \} end {align \) before entering the exponential growth problems, Latvian ¢ s problems make equaA§Apnes few differentials practice using the Separation £ variAjveis. Remember that can be cross-multiplied to comeAS$ar: Differential EquaA§Apes ProblemSolutionSolve the differential equaA§A £: \ (\ displaystyle {y} a ¢ =
\ frac {{\ sart {x} {} {} 2a}} )\ (\ displaystyle \ frac {{dy}} {{dx}} =\frac {{\sart {x}}} {{2y}1: VL, L L\ \L\,\ 2y\dy = {{x} = {{\ frac {1} {2}}}}\dx;\, \,\, \, \, \int {{2y\dy}} =\int {{{{x} ~ {{\frac {1} {2}}}} \dx}} )\ (\ displaystyle {{y} ©~ {2}} =\frac {2} { 3} {{x} ~ {{\frac {3} {2}}}} + C;\,\, L\ \, \,\, y =\ h\sart {{\ frac {2} {3
{} {3 x~ {{\frac {2} {3}}}}}} + C)) to variation of the rate of £ \ (Q \) with respect to \ (T'\) A © conversely proportional to the cube of the \ (T'\). \ (\ Begin {align} \ frac {{dQ}} {{t}} & =\frac {k} {{{{T} ~ {3}}}h\\, dg=k{{T-3 "~ {} {}}}\ dt\Wint {} {} &dQ =\ {{{intk {t} ~ {{-3}}} \}} dt = Q & \\ -\ frac {k} {{{{2} t ~ {2}}}} +C
terminus \ {align} \) Now, Latvian ¢ s use this same tA © conical to solve a problem of exponential growth: rate equaA§Apes differential mudanA§a of ProblemSolutionThe \ (r \) with respect to \ (t\) A © proportional to the value \ (r\), when\ (t = 0, \,\, R = 300 \) and when \ (t = 1, \, \, 500 R = \). Write and solve the differential equaA§A £ what
patterns this situaA§A £ o. \ (\ Begin {align} \ {frac} {dRdt} {} {} = kR & & \\dR = kR, dt dR\\\ frac {} {} {R} and k =\, dt \\\ {{int\ frac {} {} {dRR = &}}} \ {{intk\, dt}} In\\\left (R\right) = KT + & C} {{{R1\W}} & {e} = {{{"kt+ {C} {{1}}}}13}={{e ~kt {{}}}\cdot {{{a} ~ { {{C} {1}}}}}=C {{a} ™ {{kt}}}\end
{align} \) pa \ (\ begin {array} {c} \ text {For dot} \ left ({0300} \ right): C = {\\ {300} and {~ {k\cdot 0}}3};\,\,\,\,\C\cdot 1 = 300; \,\,\, \, c = 300 \\\ text {to the point} \ left ({1500} \ right): \\r = 300 {{{and} ~ {{kt}}};\,\,\,\,\, 500 = 300 {{e} ™~ {{k\cdot 1}}}\ {{{} ~ K} {} =} {{300}} };\, L, L, \,\,\, k =\len\left ({\ frac {500} }
{{{300}}} \right) \ Approx 0.511 \\\ text {equation: } R = 300 {{{e} ™ {{511T}}}} \ final {matrix} \) exponential growth word Problemsnow Latvia ¢ Make some exponential growth and decay calculation Problems: Exponential growth ProblemSolutionIn a room of 60 ° F, a glass of liquid cools from 100 ° F to 80 ° F in 10 minutes. The longer it will
take to cool until the temperature of 70 ° F? The use of the differential equation \ (\ displaystyle \ frac {{dt}} {{dt}} = k\ left ({T-60} \ right) \), \), \ (T \) A © in minutes, first solving this differential equaA§A £ including £ determinaA8A the value for \ (k \). (Note that this problem © an example of the cooling Newtona ¢ s Law, which states that the
rate mudanAS§a the temperature of the object © proportional to the temperature difference and the temperature of its surroundings.) \ (\ displaystyle \ frac {{dT}} {{t}} = k\left ({T-60} \ right); \, \, \, \, \, \ frac {{dT}} {{T-60}} =K\, dt,\, \, \, \, \, \, \int {{\ frac {} {} {dT T-60 {}}}} =\ {{int k\, dt}} \) \ (\ begin {array} {c} \In\left | {T-60} \
right | =kt + C;\,\,\,\, {{a} ~ {{\In\left | {T-60} \right |}}} = {{a} ~ {{kt + C}}};\,\, L, \,\, \, \left | {T-60} \right | = {C} and {~ kt {{}}} T=\{C}and {~ {} {}} kt + 60\, \,\,\,\,\, \ text {(can removing} \ left | {\, \,} \ right | \ text {70} from \le \ text {T} \le 100) \ {end array} \) \ (\ {text} the initial £ CondiA§A \ left ({0100} \ right): \
{text} C = {{100} and {™ {k\}}} cdot060\,;\,\,\,\,\,C=40;\,\,\,\,t=40 " {} and {{{}}} kt + 60\) Find \ (k\), was then d and 10 minutes, the temperature © 80: \ (\ displaystyle 80 = {{40} and {~ {k\left ({10} \ right) + 60}}}; \, \, \, \, \, {{E} ~ {} {}} =10k 5;.\, \,\,\,\, 10k =\1In\left ({0,5} \ right); \, \, \, \, \, K=\ frac {{\ In\ left
({0,5} \ right)} {{10}}} \ approx -.0693147 \) Now, find the time it takes to cool to 70: \ (\ displaystyle 70 = 40 {{a} ™ {{- 0693147t}}.} + 60;\,\,\, {{a} ~ {{- 0693147t}}.} =\frac {1} {4};\, \,\, - 0693147t = \In\ left ({0.25} \ right) \) \ (\ displaystyle t =\ frac {{\ In \ left ({0.25 } \ right) {} {} -.. 0693147} } \ approximately 20\, \, \ minutes
{text} \) exponential growth © used to model Number of bacta © a holiday experiment.If 200 are bacta © holiday after 2 hours and 800 bacta © holiday aft five hours, as many bacta © holiday were initially present? After many hours serAj the Bacta © would be 50,000? Use equaASA the £\ (Y = {C} and {~ kt {{}}}\), where \ (C\) A © the initial
amount, and \ (k \) A © proportionality constant . We have two incA3gnitas (\ (C\) and \ (k \)) and two \ (\ left ({t, y} \ right) \) data points: \ (\ left ({2200} \ right) \) and \ (\ left ({5800} \ right) \) of the plug points and solving for \ (C\) :.\ (\ Y displaystyle = C {{a} ™ {{kt}}};\, \, \, \,\,\,\,\, 200 = C {{a} ~ {{2k}}};\,\, C =\ frac {{200}} {{{{a} "
{{2k3IIF L0 WL L L L\ )\, 800 =C {{a} ~ {{5k}}};\,\, C =\frac {{800}} {{{{a} ™~ {{5k}}}}}\) Set\(C\)A ¢ s together and cross multiplied to solve \ (k \): \ (\ displaystyle \ frac {{200}} {{{{a} ~ {{2k}}}}} =\frac {{800}} {{{{a} ~ {{BKk}}}}}: \ L\, \ 200 {{a} ~ {{5k}}} =800 {{a} ~ {{2k}}}; L\, \,\ {{a} ~ {{5k}}} =4 {{a} "
{{2k}3}; 0\ 0\ L \In )\ left ({{{a} ~ {{5k}}}} \right) = \In\left ({4- {{a} ~ {{2k}}}} \right) \) \ (\ demand {cancel} \ displaystyle \, \ cancel {{ \}} In\left ({{{{\} and {clear}} ~ {} {}}} 5k \right) =\1n 4+ \ cancel {{\}} In\ left ({{{{\ cancel {e}}} ~ {{2k}}}} \right),\,\, 5k =\1n 4 + 2k; \,\,\, 3k =\1n 4\, \) \ (\ displaystyle k = \ frac {{\In 4}}
{3} \ approximately 0.462 \) Get \ (C \): \ (\ displaystyle C = \ frac {{200}} {{{{a} ™ {{2k}} }}} =\frac {{{} {} 200 {} {e ~ 2 {{\left ({\ frac {{\In {3 4}}}} \right)}}}}} \ approx 79.37 \) (Bacta © holiday initially). Thus, \ (y = {79,37} and {~ {{.}}} 462t \). (Note that m © tamba you can put \ equaA§Apes (C = {{200} and {2k ~ {}}}\) and \
(C = {{800} and {5k ™ {}}} \) Graphical calculator for the \ (\ displaystyle {{Y} {1}}\, \, (=\frac {{{} {} 200 {} and {x2} ~ {{}}} 1)V and \ (\ displaystyle {{Y} {2}}\,\, (=\frac {{800}} {{{{a} ™ {{5x}}}}})\) and use Calc Intercept for solve the system \ (C\) and \ (t\)) to obtain the Number of hours it takes for bacta © holiday to be 50,000
.\ (\ Displaystyle = 79.37 50000 ~ {{462T}}.};.\, \, \, \, \ frac {{50000}} {{79,37}} = {{and} {462T}}};.\,\, \, \, \ In\ left ({\ frac {{50000}} {{79.37}}} \ right) = 462T \) \ (\ Displaystyle t} approximately 13.95\, \ \ text {hours} \) Here are some more problems Exponential growth: Exponential growth city Problemsolutiona had a population of 2
million people in 2000, and a population of 2.5 million In 2010.Find the exponential growth model \ (y = C {{{{{{{{}}} {{kt}} \), for the growth of the population of this city, and use this model to predict its population In the year 2030.For the equation \ (y = ¢ {{{{} ~ {{kt}}} \), we have \ (y = 2 {{and {{{{kt }}} \) (in Millions), since we can begin
the count in the year 2000 (make \ (t = 0\)); This \ (\ Left ({T, Y \ Right) \) \ (\ Left ({0.2} \ Right) \). Use the Other \ (\ Left ({T, Y\ \ Right) \) \) point \ (\ left ({10.2.5} \ right) \) To resolve \ (K\) (the population growth rate, or proportionally constant): \ (\ and DisplayStyle = 2 {{} ~ {{kt }}}}:: L, L\ \ \, 2.5 =2 {{and} {{10k}}};\, L, L\ \\, 1,25 ={1}
~{{10K}}IIE LML\ k=\frac {{\In\left ({1,25} \ right)}} {{10}} \ approximately 0.0223 \) Thus, the exponential growth model for the population is \ (y = 2 {{{{{{{0223t}}} ). Find the population in the year 2030 (when \ (t = 30 \)): \ (y = 2 {{{{0223 \ cdot 30}}.} \ Approx 3.9\, \ TEXT {MILLION} \). The decomposition rate of a certain
substance is directly proportional to the remaining amount. The half-life of this substance is 150 days. After how many days will the sample disintegrated 90%? If the sample initially weighs 30 grams, what is the rate of decay of the change in this new sample in your 100th day? Use the equation \ (y = C {{{{{{{} ~ {{kt}}\), and remember how we
can get the decay rate of a half-life problem: \ (\ Text {ending } = \ text {initium} {{{} ~ {{kt}}} \). Since we will end half of the substance after 150 days, we have: \ (\ Displaystyle 0.5 = 1 {{e} ~ {{k\Cdot 150}}};\,\, \, \, \, \In\ Left ({0.5} \ right) = 150K; \, \, \, \, \, k =\ frac {{\ In \ left ({0.5}}}}} 150} } \ approx -.00462 \) Thus, \ (y = ¢ {{and}
{{--00462T}} \). Since we want the number of days until the sample has disintegrated 90%, finding the number of days that has 10% remaining: \ (\ Displaystyle .1 =1 {. {E} ~ {{00462\CDOT T }}}}; \,\, \, \, \, \len\ left ({0.1} \ right) = - 00462T ;.\, \, \, \, \, \, t =\ frac {\In\ Left ({.1} \RIGHT)}} {{-\ 00462} } \ Approx 498\, \, \ text {days} \) the
last question is complicated.; Once you want a change decomposition rate, you take the derivative of the decay function (using initial condition \ (\ left ({0.30} \ right) \)), and then use \ (t = 100 \) to, then having this derivative: \ (\ and displaystyle = 30 {{{} ™ {{- 00462T}}.};,\ \, {y} ~ = 30\ Cdot -.00462 \ Cdot {{e} ~ {{{}}.}.\, L\, \\ {y} A¢=
-1,386 {.} And {~ {~ {{--00462\ Cdot 100} }} \ Approx -.08732\) Learn these rules and practical, practical, practical! On the derivatives and integral Inverse TRIG FUNCTIONSA, A ¢ you are ready! If you are seeing this message, this means that we are having trouble loading external resources on our website. If you are behind a Web filter, make
sure that the domains * .kastatic.org and * .kasandbox.org are unlocked. unlocked.
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