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3.7 | Rates of Change in the Natural and Social Sciences
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EXAMPLE 1 The position of a particle is given by the equation
_ i \J L—\\ i / <
s =f({) =1 — 61"+ 9t

where 7 1s measured 1n seconds and s 1n meters.

;
(a) Find the velocity at time 7. \/é\-\ 4 ( “r\ 3’\ _ 95\‘ +,O,c?
(b) What s the velocity after 2 s? After 4 s7 \§ (2= -7 \)CW\ =
(c) When 1s the particle at rest?

(d) When 1s the particle moving forward (that 1s, 1n the positive direction)?
(f) Find the total dlstance traveled by the particle during the first five seconds.

CBO a PR + = Bsec

O=3G'9"L\+* 3> + = lgec
O =3 (-3 (+-1)
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EXAMPLE 1 The position of a particle is given by the equation
s=f()=1 — 61"+ 9t

where 7 1s measured 1n seconds and s 1n meters.

t=3y g(%}‘-go
s =0 Foc
S =20
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EXAMPLE T The position of a particle is given by the equation

a
s=f(t)=1 —61t"+ 9t \1(4'\:33" ”9‘++OI
where 1 1s measured 1n seconds and s 1n meters. & C _\,\ — 6"’ - \é»l

(g) Find the acceleration at time f and after 4 s. OL( ‘—I\ - \k medel

(2, (O, 9—\.

(1) When 1s the particle speeding up? When 1s 1t slowing down’
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Answer the following questions to describe the motion of the particle at time 7 = 6 seconds.

Where is the particle located at r = 6 seconds?

(O at the origin Q(GB — "33'%

/X to the left of the origin
O to the right of the origin

In which direction is the particle traveling at 7 = 6 seconds?

O to the left \,C%:(bi
R to the right
INn neither direction (it is at rest)

How is the speed of the particle changing at 7 = 6 seconds?

& speeding up &(QD =

) slowing down
O not changing
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e =

e = e e

y(f)=_5r3+18f2—30f+3 fort=0 (ﬁ(‘\_\ - ___S_\:}__‘ \8*9'__’5()_\‘_\_?) o shore knovieds

Complete the parts below.

(a) Find v (7), the velocity (in units per second) of the particle at time 7.
vi) =0 \J L“'\:— \S _\_g Y36+ -3 0

(b) Find a(7), the acceleration (in units per second per second) of the particle at time .

a(r) =[] O\_Q—\'B = —30“' - ’5 &

(c) List all times 7 when the velocity of the particle is decreasing at a rate of 9 units per second per
second.

If there is more than one value, separate them with commas. Click on "None" if applicable.

All  when velocity is decreasing 9 units per second per second: ¢ = | |

G- - -303130 = ~US =36F > 1.5=T
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3.8

[n general, if y(f) is the value of a quantity y at time ¢ and if the rate of change of y
with respect to ¢ is proportional to its size y(f) at any time, then

Exponential Growth and Decay

where k 15 a constant. Equation 1 1s sometimes called the law of natural growth (it
k > 0) or the law of natural decay (if k < 0). It is called a differential equation because
it involves an unknown function y and its derivative dy/dt.


https://bitpaper.io

eeeeeeeeeeeeeee

2| Theorem The only solutions of the differential equation dy/df = ky are the
exponential functions

\360\ S Siravimg Nalue


https://bitpaper.io

eeeeeeeeeeeeeee

EXAMPLE 1 Use the fact that the world population was 2560 million in 1950 and

3040 million | to model the population of the world 1n the second half of the
20th century. (Assume that the growth rate 1s proportional to the population size.) What

1s the relative growth rate? Use the model to estimate the world population 1n 1993 and
to predict the population in the year 2025. 4 VA5 0
?COB - 55 b0 o ( )

P(f) — P(O)ekt \& = Qc’\ ar\VC j(b\,ﬁ'\n (ate
?G\: & S6D e_KJr lnw \lgs = 1o\
10\ | O | O

’gotlo:.gs‘boe
\t\% Il S = &

1O ¥ 0.0171850 = X
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EXAMPLE 1 Use the fact that the world population was 2560 million in 1950 and

3040 million 1 to model the population of the world 1n the second halt of the
20th century. (Assume that the growth rate 1s proportional to the population size.) What

1s the relative growth rate? Use the model to estimate the world population 1n 1993 and

to predict the population in the year 2025. OINNE S
- PN = 9560 e N
P(ux)= 5360
‘\)(753:(393(07 lnw VL lgs = lQ\L
»

| D

0.0171850 = X
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Suppose that the velocity v () (in m/s) of a sky diver falling near the Earth's surface is given by the follc
measured in seconds.

o() =49(1 =~ 0211)

Find the velocity of the sky diver after 3 seconds and after ) seconds.
Round your answers to the nearest whole number as necessary.
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An amount of $35,000 is borrowed for 14 years at 6.25% interest, compounded annually. Assuming that no payments are made, find the
amount owed after 14 years. e

Use the calculator provided and round your answer to the nearest dollar.

CbM@o\meQ A=’\D< )
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The rate of change of y is proportional to y. Fhe curve y = f (x) passes through (0, 40) and (1, 100). Find y(2).

Write your answer without exponents or logarithms. Use exact values in your answer (not decimal approximations).

8(X\:$(®6Kx (D - L‘Dwo
VX k= (O50)
g = be M (22} %

o

|00 = YL €
(00 e y 3 - F5 0

p\'ﬁ
\n(‘oo/b\th = A
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(a) Fill in the blank rite an initial-value problem that models the spread of the rumor. In the differential equation, write y rather than y (7).

0 055(510 -4 <

(b) Find the particular solution to the differential equation that satisfies the initial condition. Write your answer in the form y = f(7), where all the terms
iInvolving 7 are on the right-hand side. Use exact values in your answer (not decimal approximations).

(,j(,-ﬂ - 51D —5ope” 0" *
-

(c) How many students have heard the rumor 18 minutes after it begins to spread? Round your answer to the nearest whole number.

2 ?/(,l students

What is the rate of change of the number of students who have heard the rumor at the moment when 254 students have

heard the rumor? Do not round your answer. ® O 5f<§ (D -35Y¢ S

p Share Know

ledge
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