Sewart Calculus 5e 053439339X;2. Limits and Rates of Change; 2.6 Tangents, Velocities, and Other Rates of Change

Ay _f()-f3
1. (a) Thisisjust the slope of the line through two points: mPQ Ax- x3 :
fFX)-f(3)

(b) Thisisthe limit of the slope of the secant line PQ asQ approaches P : m=lim 3

X— 3

3. Thedopeat D isthe largest positive slope, followed by the positive slope at E. The lope at C is
zero. The slope at B is steeper than at A (both are negative). In decreasing order, we have the slopes
a:D,E,C,A,andB.

5. (a)
(i) Using Definition 1,

m =lim f(x)-f(a) lim FX)-F(=3) !x +2X! —(3) (x+3)(x-1)

X—a X-a X—-3 _( 3) _X—> -3 _( 3) _X—> -3 X+3
=lim (x-1)=4
X— -3

(i) Using Equation 2,
f(ath)-f(a) im f(-3+h)-f(-3) im [(—3+h)2+2(—3+h)]—(3)

M =lim
h—0 h h—0 h h—0 h
2
h+h™—6+2h- h(h-4
Jjim 2Omh 6+2h 3, h(hvd) m (h-4)=4
h-0 h h-0 h h—>O

(b) Using the point-slope form of the equation of aline, an equation of the tangent lineis
y-3=-4(x+3). Solving for y gives us y=-4x-9 , which is the slope-intercept form of the equation of
the tangent line.

y=x>+2x

4 y=x*+2x 4
Xﬁ
—4 —4

(C) y=—4x—9 -2 y=—4x—9 0

-4

9. Using (1) with f(x)= i—; and P(3, 2),

x1 5 Xx-1-2(x-2)
. f()-f(a) .. X2 _ X-2 3-x
melim ——— =lim ——— =lim ———— =lim —(———=
X—a a X— 3 X_3 X— 3 X_3 X—3 (X 2)(X_3)
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Tangent line; y-2=—-1(x-3)& y-2=-x+3< y=x+5

13. (a) Using (1),
(2 ax+1) (2> 4at1) i (2 a%)-4(x-a)

M= |im

X—a X-a X—a X-a
(x-a) (x2+ax+a2) 4(x-a) 2 2 2
= lim =lim (x +ax+a —4):3a 4
X—a X-a X—a

(b) At (1,-2) : m:3(1)2—4:—1 , SO an equation of the tangent lineis y-(-2)=—-1(x-1)< y=—x-1. At
(2,1) : m=3(2)274:8 , SO an equation of the tangent lineis y-1=8(x-2)« y=8x-15 .
8

/)

T

(C) —4

15. (a) Since the slope of the tangent at t=0is 0, the car'sinitial velocity was 0.

(b) The slope of the tangent is greater at C than at B , so the car was going faster at C .

(c) Near A, the tangent lines are becoming steeper as x increases, so the velocity was increasing, so
the car was speeding up. Near B , the tangent lines are becoming less steep, so the car was slowing
down. The steepest tangent near C istheone at C , so at C the car had just finished speeding up, and
was about to start slowing down.

(d) Between D and E , the slope of the tangent is 0 , so the car did not move during that time.

17. Let S(t)=40t-16t".

2 2
. t)-s(2) .. 40t-16t )-16 . -16t +40t-16 ..  -8(2t -5t+2
V@) = fim XDy, (A0 10) 16 ) i X HAle 8@ S+d)
t—2 t-2 -2 t-2 t—2 t-2 t—2 t-2
-8(t-2)(2t-1
_gim 2&D _ i (2-1)=-8(3)=-24
{2 -2 t>2

Thus, the instantaneous velocity whent=2 is-24 ft/ s.
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20. (a) The average velocity between timest andt+h is

s{t+h)-s(t) _ (t+h)2—8(t+h)+1&(t2—8t+18)

(t+h)-t h
2 2 2 2
t +2th+h -8t-8h+18-t +8t-18 2th+h -8h
h - h
= (2t+h-8) mi/s

()[3,4] :t=3, h=4-3=1, sothe average velocity is  (iii)[4,5] : t=4 , h=1, so the average vel ocity
2(3)+1-8=-1m/s. iIs2(4)+1-8=1m/s.

(iv)[4,4.5] :t=4 , h=0.5, so the average
velocity is

2(4)+0.5-8=0.5m/s.

(i)[3.54] : t=3.5, h=0.5, so the average velocity
is2(3.5)+0.5-8=—0.5m/s.

® vio=lim 2 cjim (24 -g)=21-8 , s0v(4)=0.
h—0 h—0
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