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"‘ ' 4.1 INTERPRETING T
R 3 THE DERIVATIVE

e The derivative of a function is just the rate of change
ot that point
e The unit for £(x), or the rate of change of f(x), is just
the unit of f(x) divided by the unit for x.
o For example, if we have f(x) in §rams and x in seconds
the unit for rate of change £'(x) would be
®yams/second,




INTERPRETING THE
THE DERIVATIVE

fP;ug:;ZSdfhe population of a town ¢ years after it was P i‘> ]h Uni ls 0" F E - T}m &en\’ 0 J'l'\le 4 P w‘i”

What is the best interpretation for the following 8' Ve Pm— or Peope, mr \l ear / SINCS ﬂ— “0“3
statement? Ye(lr |

The slope of the line tangent to the graph of P att = 2 is q_h 3 Y‘Q} o UQ‘ cy‘ony O{s‘m¢b m *'he ‘-ewh mr ywr

equal to —=10.

Choose 1 answer: (Uﬂ;" an n l"he pmb1 QM) . S ‘OP 0‘ ++\Q b i.
@ After 2 years, the rate of change of the population , int \S "—he Sarne a'% I'm demo h\ﬂ, Or rq k
decreased at a rate of 10 people per year per year. Q. hanse UA_ H\o" min ‘.‘; So Qp ‘_er 2 y@rs (Q" .‘—_-_, 2)
il e the Fole of the toun papuladion’ > decreasin
@ Over the first two years, the town's population (S.Ince 5 lem ;3 maq}l \,e) Q“& m*e oc o‘ ‘ 0 e
decreased by 10 people per year. pe’r \(eﬂr«

@ After 2 years, the town's population decreased at a
rate of 10) peonle.




(4.2 STRAIGHT LINE MOTION:

¥

POSITION, VELOCITY, ACCELERATION

e Velocity is the derivative of position

Acceleration is the derivative of velocity

If velocity and acceleration have the same sign, the
particle is speeding up

If velocity and acceleration have different signs, the
particle is slowing down.

If velocity is negative, the particle is moving left. If
velocity is positive, it is moving to the right. If

velocity is O the particle is not moving.
-auS s
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TRAIGHT LINE MOTION:

An object is moving along a line. The following graph gives (The C’b]ed’ S mavins pOTuJOrd i‘- VelQCt" (C‘QYNOA\'NC 0;

the object's position, relative to its starting point, over
time.

For each point on the graph, is the object moving
forward, backward, or neither?

Tap each dot on the image to select an answer.

position (m)

Velocifp is +. Mowhg backward i ve by is ncjn.Hva

Sinee velocily is the denvodtive o{ Position, we look al the
dongent line at each pont ‘o del®mine it i\

t or -

Yov canalsg pretwe bhis as the ohject Mouing
terward or backword te y=0.




(4.2 STRAIGHT LINE MOTION:
POSITION, VELOCITY, ACCELERATION

A particle moves along the z-axis. The function :.'::(t) gives

the particle's position at any time ¢ > 0 Since racw[eﬂ#p 1‘5 .]-he mhd Jen\fﬁhw af POSIHOV!.-
a(P=v'(H)=x"(H

al)= (F>-3F 5 H-0"= (312 64+ D= 616
What is the particle's acceleration a(t) att = 3? QLB) " 6( 3) _ 6 :
o®)= |

z(t) =t —-3t2+Tt—6
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4.3)RATES OF CHANGE IN
>OTH ER CONTEXTS ,Q

* If somethin§ is increasing, its derivative (rate of change) is positive.

e )f something is decreasing, its derivative (rate of change) is nefative.

e Findin§ derivatives on Your calculator is helpful

e Be careful of functions that are already rates of change. You don't need
to take the derivative of those since they already told you the derivative.

* The second derivative of o function is just the rate ot which the rate of
change IS increasSing

o Represented by (units of £(x))/(units of x)"2
o For example, §rams/(sec”2)




4) RATES OF CHANGE IN
~ OTHER CONTEXTS

Carbon-14 is an element which loses half of its mass every i
5730 years. The following function gives the mass, in T—-Y\Shhl’ aneouvs rale o‘ Chﬁﬂ? 1S H (+)
grams, of a sample of carbon-14 after ¢ years:

M’ (H) =66 (-0.00012) e~ 00013

M(t) — 65 - ¢ 0-00012¢ 3 -0 OO?SQ_O.OOOVLT

M'(1)=- 0.0078 C-O.OOOl’).
What is the instantaneous rate of change of - - o OO 78 rqms

sample's mass after 1 year?

YEar




: %“ 4.4 INTRODUC TO RELATED

e s

* | variables are related to each other in an equation. we can find

an equotion that relates the rate of change of the variables.

o Done through implicit differentiation
e We want to find the rate ot which one variable is changing by
reloting it to other variables whose rates of change are Known.




4.4 INTRODUCTION TO RELATED RATES

Consider the following problem: @ thal-’ we. 30 l—hfwz: w pmue'n qnol hﬁ\‘ whgl MY 3@(@05—
Iﬁ

The radius r(t) of the base of a cylinder is decreasing at dee.l"e <0 M qh\e
a rate of 9 millimeters per hour and the height h(t) of Y_ ] ( \-’) 2 | 8

the cylinder is increasing at a rate of 2 millimeters per T
,-1

hour. At a certain instant ¢, the base radius is 8

/ ;
millimeters and the height is 3 millimeters. What is the r r( H Si nee ||‘ Si vesS VS

rate of change of the surface area S(t) of the cylinder

at that instant? -"he ral.e 4 thse'
Match each expression with its given value. n'o+ H\e MW&\ MJ‘J

L ¢ \ncreasing,;so *
9 2 3 8 h'(,)f’) = 2

- h' (N since it gives rode of W9e
r( \-o) - h(h;) s 3

Pk 8 Nes s actval rodivs &
se ot b

S(to)

h'(t) [ ]

@ ﬂelexenuna ovy lit of voles obove, Uy 5 not gyen.

r'lt) is given since y'(N=-9  which means thot “al any time t the rete of
chonge 15 -9, incwding at ¥,.

h'(H s gven as W(H=2




2 4.4 INTRODUCTION TO RELATED RATES

7
® G-+ aﬂ m@a

The side b(t) of the base of a square prism is b (+) h’ ‘J') = 10

decreasing at a rate of 7 kilometers per minute and the

height h(t) of the prism is increasing at a rate of 10 b (’{‘o) - '-) h C\. ').._.._ q
o

kilometers per minute. At a certain instant ¢y, the base's / H
side is 4 kilometers and the height is 9 kilometers. 8 ( -

What is the rate of change of the surface area S(t) of @ wg mn-l' Sti-) Lel‘ S "hﬂ\k O‘f' an Q%UQHM Msw
Surtace area of O Sgrare prism:

the prism at that instant?

Which equation should Urpi use to solve the

problem? 3 C*) 2L bU'))l r L'qb u’) h( {')




A 4.4 INTRODUCTION TO RELATED RATES
\ Q/Thediﬁerenriablefunctionsa:andyare related by the (§) We can M,mﬁa,‘lp Wl MP&Q“ bo T

\ > following equation:
/3:::2wy '%—‘.3)&1) - %’(XYJ
0 X %,"% = % Y+ X %¥

@ PLv n  x=-6, =3 anol Solve o a 0 wouyld
&W‘/s \Iom“ml:>le.0ézé 0 dF 25 ¥°

know what yis &, Don't womy
we Can Use the 0.9 epualion o x=-6 o figwe!t

ovt.

B(6) =6y  B3)=-6y -3(6)=y =18

Now Fatl we hove y:-lB, salvet
GL-G)%-;%L-H)-GC'Q




4.5 SOLVING RELATED RATES
PROBLEMS

To solve a related rates problem, we first have to
make an equation that relates the variables. (e.g.
pythagorean theorem to relate sides of a right
triangle). We then take the derivative to find the
rates of change. Next, substitute for what you

know and you’ re done! You might have to look at

3

the o.g. equation and plug in variables (e.g. plug

\ in x to find y) to get all the numbers you need
‘ to be able to solve.




4.5 SOLVING RELATED RATES PROBLEMS

The base of a triangle is decreasing at a rate of 13 @ G'e "’ \l ovry \rafl Q bl esS

b'tH=-13  W(H=6 ot)-5 h(t,)=1

millimeters per minute and the height of the triangle is
increasing at a rate of 6 millimeters per minute.

At a certain instant, the base is 5 millimeters and the
height is 1 millimeter.

What is the rate of change of the area of the @ FOTm Ul o COY‘ ore O af l'fi 011"\31 e
<0

triangle at that instant (in square millimeters per H Yyea- “libﬁﬁe hpiah i“’

minute)? ﬁ—U-) :!ib('}) . hu.)

@ D""”erenl‘iale A (H) to tind vale O'f chon P
A =b' MM * bl (1) -4 ‘ orge of

A'Cho) (b ChynLE) bk k) ab nshant —by——

= (N > LS)e) %;--@17)--‘,-,:«‘3.5 mm.




4.5 SOLVING RELATED RATES PROBLEMS ~

A person stands 12 meters east of an intersection and @ DTou) aQ dﬁ%mm ‘l‘O maLQ ense # H( X h,q Fon: :

watches a car driving away from the intersection to the

north at 4 meters per second. ; .
WY @ We cansee ynot Yhis s o
::tt zr:;tt?::l instant, the car is 9 meters from the c'u.')c?_ il da») Y ‘9?\‘" }ﬁ an 9]2.. C f(k) w\-‘ Ye pf?&e”‘is
| persect® the rate at-which the distance
What is the rate of change of the distance between N - e Nnere %es m di&\-qﬂco a-t
the car and the person at that instant (in meters per ll N ‘-he cexh\ N “lme {'d =C C'-o)-:- "’
second)?

d(t) is the cUstance bekueen Yhe person anol aar
@ Vse Ye pythagoean treorem to relale OUD ‘o whal we Lpgw. Findk dlts)

(A= [e(NPr 12 (U =[ett)'qd - [d(tad™ §1¥1492225900,)-15

‘ ® Toke Yne oenvatve to Linol of'(H)
# 2400« d'(F) = 2 - el
R

® Find rhedervalve at 124, 2dU)d (k) =2clt) e’ (t)  opdt subshiv'e,
209 (d'CtnN=2(N(Y)

09 (d'(t)= (A)4)

"L
d'('}‘o‘) > %‘%T— -""5""
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4.6 APPROXIMATING VALUES OF o )
A FUNCTION USING LOCAL
LINEARITY AND LINEARIZATION

e We can use the tangent line of a function at a point to approximate values

) 3

of the function at other points (use point slope form with £'(x) = slope)

* Tangent line approximation is an overestimate if the curve is concave down
e Underestimate if concave up

* Green lines below are tangent line approximations!

Y




E 4.6 APPROXIMATING VALUES OF

A FUNCTION USING LOCAL
LINEARITY AND LINEARIZATION
Let g be a differentiable function with g(—1) = 5 and @ Dele’m"\e \.,he eébuﬂl’i"” d,‘ ‘he \'Omtaerﬁ liﬂe Ql’ .'-:,.1

g(-1)=2. . ,

Usma point - s form, we hore point (=1,5) ool
What is the value of the approximation of g(—0.9 .
usingt th:.- function's I:H:al I?:ear apphroximag:(:m at ) 5\0‘) e (l a\_ Q“ P Ol n */ 50

YV =R Y5220 y~5-20xh1)

p\ucslfn
@ Ppproxi mate %L"O,Q) using Fhe \-Om$n’f \ine .
V's: Q.L'Oq H) =) y —5 :')_Lol) = Y =0.? '—S




&, 4.7 USING L'HOPITAL'S RULE FOR
w DETERMINING LIMITS OF INDETERMINATE
FORMS

* Indeterminate form is when the ratio of two functions
tends to 0/0 or infinity/infinity in the limit

* You can use L Hopital's on Limits of indeterminate forms
0/0 or infinity/infinity!

L'Hopital's Rule i cuemath

THE MATH EXPERT

If lim SO0 =

iIndeterminate form
x—sa 9(x

then:

lim £ _ jim £
X—a g(x) xoa 9'(x)




& 4.7 USING L'HOPITAL'S RULE FOR
w DETERMINING LIMITS OF INDETERMINATE

FORMS
let Yonl  _ €60 Since lim CH) = im tan ) = tan(0)-0
Find lim - 22() Bariont) g . R A e
r—0 31 -+ tan(ag) ' C’AY‘d \X“*;?) 3(,}&): 7\&[;2 (dxrtan (ﬁ)) '-""0, \'he l\YﬂH
lim Yan(X 5w wdeterminale Lorm. Thevelere,
L van(x)

L 'Hopital's e may Pe vsed. \im ‘anle) _\m £ Gon()
0 Wriahly) *0 4 (3x+¥omlx))

_him S’ [y
W0 3y secil) | Y
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THANK YOU &

N | hope You can §et helpful Knowledge &
from this presentation. Good luck!
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