Leoarnina Goals
<
Learning Goal Homework Problems
2.1.1 Compute the average rate of change of a function over an 1-6.
interval.
2.1.2 Use the secant lines of a curve to find the line tangent to that 7-18.

curve at a point.

2.1.3 Solve applications involving rates of change.
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Mok vation - average velocity ve Ingfantaneous velou"g

SuFPose, gou are dr'-v%r\d on o sk‘o.lsh% road.,

} Q’ S S(E) = Pos'l'l:;ol\ ot the Hmne 4
0 f(t)

v(£) = instantaneous wveloaiby

(whod- v ead on s?ee.dom\d-er)

How to calewlatre the iagrantaneous vo.locit's?

let' ¢ do i  with the axample s(t) =" ot b=,

=> Stack with  the avemge velodty on o samall interval

around £t -1 .

Awrage veloaty /rafe of change on [ths]:

oV = AS =) SH’,_)"S((:,)

M-y

st+h) - s(4) gt s bth
h

be our Qxa.m\‘ble. s(t) = e

con [i,1] : s 00+ _ [16.7 |e—
(h= o.1) A [-1-1 o.PProx;m\aHonJ'
v()
° on [O.C\, |] . Ag - 3 1%- :l"(o-q)z = [132.3 | Q-F
1-0.9

(h‘z-O.l) At
Over smaller and swoaller  intecvale, we g o beller eskimate

o,(! \I(,\),



=> Then, find what value +he average veloc:ﬂ;tj tends %o
0 the |¢n3+h of the interval At = b approachet ©.

Call ov(h) the averoge velocity beween t=1 and
t:= I1th. Exf“dﬂdl

av(h) = AA_i " SCl-l»hh} -s(y =|-0+:)°-_;l_ .

Above , we  computed av(oa) = 1=F and oev(-o04) = B.3.
Let ‘s  look of o table of values to find the ten dengy
of av(h) os h gek coser to O.

h av(h) Ac h  gets chser to O,
0.1 [P av(h) geks clser to Ik .
o.ol 4. 0%
0. ool 4. 00%F v) = lim ov(h) = 14
-o.l 13.3 —
- 0.0l 13.43
-0.09I( 13.943

How can we make o formol caleulation withour  us ng
o +table of values .
L We stavt by snm\fill{lg'mg the oavemge rate of change
av(h) Jor h4¢ O, and then +ake the A 1AY) A
h opproaches o.

cannot  take h = O
SC+n) - () :I-(I-I-h')t- 3 1n ths  exprestion:
h - h Sim\Pl;.Fd odge,bmjca,lg
—Frs’c

ov(h)




h h

_ A0+ nt) -3 WAt | e an ¥ hizo.

Now we cen calewlote the hmmt as h— o *o ,(.-;nd v(1):

v(t) = liom SCHRY - sU) L fim (rFh )= le+3F0 |1k

h~o h hao

Formal defimktion of lem s :

lim  f£(x) = L | means that [f(x) gets owb’ﬁmr'ul\\j dese
X~ o
to L when x gets dose to a (bur x#a).

I

L\\'H\e, limit of f(x) as x goes ko a e L

Tanportant remocks:

olimm f£(x) does not depend on the value of

X~o

at a, or\\\\j on the hndenc\c] of L£(x) a1
X Seﬁ cdose 4o a..

In ol 3 cases, limm f£(x)= L even 'H\oush

X O

$Ca) e different each tme. Ta  Jack, f(a)
cdoes not even need to be defimed for hm [f(x)

X2 a
to  oxisk |



o Limnite mm\cj or m\o.\\) not  exist .

N| N] =L(x)
7,( \/ / ? %

Jump Vertical Aggrmptote Infinte  oscillahon

TIn all 3 cates , lim f(x) Dot Net Gt (DNE),

X= o0

Exo.mt\Eles-. t) Colewdate  lin Xi-x-2

X= 2 X-2
x+) R %42

x%x-2 _ (ee)(x-2)
undef if x=2

X-2 X-2

When  x 52, J._,3 S

, 2
lin X=X-1 _ 3

X~ 12 X-~2

Formal tomp uration :

. 2_x -~ SN ‘
limm X -X cannot  take x-2 , s1m?l\¥5 Jarck.
X~ a X -
= | g“.‘)(x-l)
X= 2 X~2
Xt
= limn  xl
X= 2

"
w




2) Estimate lim x-8 u..c;ns o) o doble of value,

X288 3[x -2
Ix b) o sru?h
o)

x- §
X 3 x-2 As X 8&"8 coser 8 ’
g1 12.04498%... x-3 Sds coses to 12
3.9 | 1.9498... Yx-2
3.999 [ 11.099¢... > | lim x-2% _ 12
§.c01| 12.0004 x28  x-2
+.93949 | 11.9499S...
§.00c01| 2. 00200 (...

124
N im x-8 .12
X8 3Wx - &
R/
: L} : i ] :
a & 6 R lo 12 X

3) Su.PFose, that  the Pos'ul:ion of on objed M\O\Iif\g on  an
YRR Y I by s(&) = 5-3 Fiaa .
0.x 1 grvenr by (&) s In
0) the overage vzlod’{ﬂ on [1,27.
b) +the instantaneous velouly at b= 2, v(2).

_ 8 .
a) ov = BS . ¢(2)- st) §(2) = §- =)
T Ao S0) -+ §- & a3
N SEO RN I

!



b) To ,Fmo\ V(i) we .f_'\rﬁ- {.'mo\ ond sim\PI;{nj The
average ve\odt&j av(h) behween t= A ond L= 2+h, and
then we +toke 4he it a8 h- o.

8
Q"(h) . o bs o Sbh) - s(2) (5-.7.04\) -
At h "
g -
4o @ L 4(eh) - 8 C sews w
" h h (d+h) h [2+n)

SO V(l) = |imr\ O.V(h) = \'\mr\ L"_ = 4 2
h-o h~ o 24h o+ o

#) Fina 4he inctantoneous ratre of change.  of
f0<) = vx-3 ot x=7%F.

Fietb, we find and  Simplipy dhe  owerage  mke of
change arc(h) between x=3F and  x= F+h.

4 M: 8 ‘H:H") “‘H’l') _ VHh-3 - V33 t.a'.nno{:. take h:o,
are (h) = T - = - Sonphifly  first.
_ Vi —a Janea mutbply by toipugate
h Vi, +2
(\/‘H'_h)z- ;{2 - b+h - 4 | K |

h(Vern + ) h(Varn +2.) | h(Viw+2)  Varh +2

Thea, we dake the Ik as W o 4o Liad the



instantaneovse rate of change. ot  x=F:
limmn  are (h) =  lim ! = ! - |
hoo h=o /mn +2 Ve +2 4
5 ) Fina  the  inctantonecus rare of. d\at\se,
() = ¢ ot x= X.
+ oy

of

Fict , we Hnd  and s\mPl'u\Zﬂ the owverage. rake of

change  are( h) between x=22 and  x=2+h,
6
seh) o BE L 30w o2 | - o
Ax h
_ 6-3(#+d)  _ 6-6-9% _ -9k - -9
h (2 2h) h(2+3h) h(a+3n) 2+ 3

Then, we dake +he ik o W o 4o
instantaneovse  ratre of change ot x=2:

lim  are(h) = lisn =9 Pk S L O
ho o h=o 2+3)\ 2+ 30 L

Liad the



