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Section 2.7:Tangents, velocities, and other rates of change.

Consider a curve with equation ¥y = f(z) and points P(a, f(a)) and Q(z, f(z)) on it. The slope of the

secant line P@) (also known as average rate or average velocity) is
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DEFINITION 1. The tangent line to the curve y = f(x) at the point P(a, f(a)) is the line through P

with slope
@)= "

T—ra Ir —da
provided that this limit exists,

The slope (1) of tangent line also known as instantaneous rate of change or instantaneous

velocity.



cn2_171_LN_2_7_S17.notebook February 23, 2017

EXAMPLE 2. (a) Find the slope of the tangent line to the graph of f(x) = 2? — 3z — 4 at (5,6).

a=5 _J. £0) "-F-(‘S\ 2
M= Lim _). x=3x=Y-¢
‘Q(QTX'@):G X>5 X—5 S.;T_; X-5-

= Bn x;—3::\5‘0 = L (Xffﬂjﬁ) = s‘u:[-lj

X33 xS xX-5

(b) Find the equation of the tangent line to the graph of f(x) at * = 5.(Recall that point-slope form for a line

through the point (z1,y1) with slope m is:,y —yi =mlr— 1)

m=3 -Q:'I(X"g) \
X1=5 \-VA
3,= $x0=6
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DEFINITION 3. If r(t) is a vector function then the tangent vector v at t = a is found by

1
v = limt [r(t) —r(a)]. P ﬁ
t—ral — I\ - r,
Staler VF"L,:;\.A

EXAMPLE 4. Given- Cug%?z@e <2t 10¢ V2\ "‘j_a*'\cl 0

(a) Find a vector tangent to the curve at fhe point (4, 10)

azd (Gecmne FTR)=<K4,16>)

P‘“& Triang\e Law

0\’ -\'PG_=- ‘OQ,

3 - -
-\7:&% ‘:—;o(a ——?(1\}: () +PQ =¥ (&)
-\c-:)a, \;—&; P W Fla)
_ e = [ty 06 -y, o gop o toa
IR L J° > 10t-t=16
Lo = {at-4, wE-+-\6) 2
- .‘.'-v;:_ a Y& =—(-t—|b'(:'l',6)

=(‘.' < a% %(t'8\> '—"'a:"ﬂ(-(-,—K)

-Qm <2, —(4-8)> =Lip<a,t-t>= <2, 8" a>ﬁ<a.e}

22



cn2_171_LN_2_7_S17.notebook February 23, 2017

(b) Find parametric equations of the tangent line to r(t) at t = 2.

V—‘-Ler;z{:
Fa

=+ 6t

(c) Find a Cartesian equation of this tangent line.

){;ﬁ;b{_\_& S\o?e w\:iz_”))

S || T =3()<~H\\

|
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Velocities. Denote by f(#) the position of an object at time £.
The Average Velocity of the object fromt =a tot =0 is

_f(b)—f(ﬂ)
v = b-—a

owe

The Instantaneous Velocity of the object at time t = a is

v(a) = Jim LT @) .. 86 - ¢(a)

h—0 h
X0 X=o.

(Compare this formula with (1) by substitution i = & — a.)

(g < B -
G‘x—a, = xX=0a+h — a
T __h=o
(e Lo RO ZEE Ty eehp@

h->0 X0, W
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EXAMPLE 5. The position (in meters) of an object mowing in a straight path is given by

s(t)y=t2 =2t + 8,
S(5)=15-0+8= 22

S(H)=le-8+8=1>

where t is measured in seconds.

(a) Find the average velocity over the time interval [4,5

[4,5]. A
_ ) -s( - \
Uy = 5(55_: Y) - 2.‘51|(a —"]7 n\/s /

>
(b) Find the instantaneous velocity at tame t = 4.

. ) -s(a) s (4th) =S¥
= QM"V S(Q*L\ = c.wu —
U(lb W10 h WD h

(Lm\)‘, 2 (4+h + 8 —_ff_
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Other Rates of Change:

The Average Rate of change of function f(z) fromr=atoz="b1is
f(b) = fla)
b—a
The Instantaneous Rate of Change of f(z) at z = a is

. fla+h) - f(a)
lim ,

h—0 h
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