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2. (a) Slope = 298=2030 _ 48 ~, 69 67 (b) Slope = 22482661 _ 287 — 71 75
(c) Slope — 2248=2806 _ 142 _ 7 (d) Slope = #E="1% = 13 = 66

From the data, we see that the patient’s heart rate is decreasing from 71 to 66 heartbeats/minute after 42 minutes.
After being stable for a while, the patient’s heart rate is dropping.

6. (a) y = y(t) = 10t — 1.86¢°. Att =1 y = 10(1) — 1.86(1)® = 8.14. The average velocity between times 1 and 1 + h is

_y(1+h)—y(1)  [10(1+ k) —1.86(1+h)°] —8.14 628k — 1.86k°

Ve = AT - = - = 6.28 — 1.86h, if h # 0.
@D [1,2]: A= 1, vave =4.42m/s (1) [1,1.5]: A = 0.5, vave = 5.35 m/s
(iii) [1,1.1]: A =01, vaye = 6.094 m/s (iv) [1,1.01): h = 0.01, vay. = 6.2614 m/s

() [1,1.001]: & = 0.001, vaye = 6.27814 m/s
(b) The instantaneous velocity when ¢ = 1 (h approaches 0) is 6.28 m/s.

8. (a) (i) s = s(£) = 2sinwt + 3 cos wt. On the interval [1, 2], vaye = s@) —s() _3-(3) _¢ cm/s.

21 1

(i) On the interval [1, 1.1], vave = s(Lh) —s() 3471 (=3 o) cm/s.
111 01

_ _ s(1.01) —s(1)  —3.0613—(-3)

(i1i) On the interval [1, 1.01], vaye = o1 001 = —6.13 em/s.

(iv) On the interval [1, 1.001], vaye = s(1.001) — (1) | —300627 — (=3) _ ¢ o7 cm/s.

1.001 -1 1.001 -1
(b) The instantaneous velocity of the particle when ¢ = 1 appears to be about —6.3 cm/s.

4. (a) As z approaches 2 from the left, the values of f(z) approach 3, so lim f(z)=3.
o—2—
(b) As x approaches 2 from the right, the values of f(x) approach 1, so lim flz) =1
xz—2
(c) lin; f(z) does not exist since the left-hand limit does not equal the right-hand limit.

(d) Whenz = 2,y = 3, s0 f(2) = 3.
(e) As z approaches 4, the values of f(x) approach 4, so lim f (z) =4

(f) There is no value of f(x) when x = 4, so f(4) does not exist.
8. (a) a]:l_l’slz R(z) = —oco (b) igns R(z) = oo
(© z_].j.t_x;_ R(z) = —co (d) =liﬂ-+ R(z) =0

(e) The equations of the vertical asymptotes are x = —3, x = 2, and x = 5.
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12. From the graph of

14+sinx if z <0
flz) = cosx fo<z<m,

sin if z>m
we see that lim f(x) exists for all a except @ = w. Notice that the

right and left limits are different ata = .
16. lim f(z) =1, lim f(z)=-2, lim f(z)=2,
x=—0 a3 z—2t

f(0)=—-1,f(3)=1

¥
21 ~—
SN
e 0 3 X
-]
_2..
2 —_—
20. For f(z) = ———2%_.
xét—xr—2
x f(=z) z f(=z)
0 0 —2 2
—0.5 —1 —1.5 3
—09 —9 —1.1 11
—0.95 —19 —1.01 101
—099 —99 —1.001 | 1001
—0999 | —999
z? — 2z

It appears that lim

does not exist sice
z——1x2 — 3 —2

f(z) »occasz — —1" and f(z) — —occasz — —1.

N
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22 For f(h) = 2FH) =32,
h
h f(R) h f(h)

0.5 131.312500 —0.5 48.812500

0.1 88.410100 —0.1 72.390100

0.01 80.804010 —0.01 79.203990

0.001 80.080040 —0.001 79.920040

0.0001 80.008000 —0.0001 | 79.992000

. (2+A)°—32
It appears that j{l_r{%] B = 80.
z? — 2z x(x —2) - - . -

3. lim ————— = lim —/——— = lim = —oo simnce the numerator 1s positive and the denominator

o—s2 572 — 4z +4 o x—2 (:T —2)2 z—2— x— 2

approaches 0 through negative values as x — 27
2. (@ lim [f(=) + g(=)] = lim f(z) + lim g(z) =2+0 =2
(b) ll_l’fll g(z) does not exist since its left- and right-hand limits are not equal, so the given limit does not exist.
() lim [f(2)g(=)] = lim f(z) - lim g(z) =0-13 =0

(d) Since lim1 g(z) = 0 and g 1s in the denominator, but lim1 f(z) = —1 #£ 0, the given limit does not exist.

(¢) lim 2% f(x) = Lli_% .r:"] [iLmz f(:r)} —23.2-16

(f) lim V3+ f(z) = x/3+ii_‘mif(x)=\,f3+l=2

6. Jim VaTF3uT 6= [Tm (w7 +3u+6) [11]
= lim2u4+3 limzu—l— 1im26 [1,2, and 3]
= /(2 +3(-2) +6 [9, 8, and 7]
—VIE—616=116=1
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9

2 2
. t? -2 2 —2 L
8 ‘E(m) = \imEe 3,s+5) (Lt Law 6]
lim ( 2) 2
= == [5]
llrré(tg —3t+35)
gt —fim2 '
= = — 1,2, and 3
!m%tg 3hmt+11m5 [1,2, and 3]
2
= 9,7, and 8
(s 32)+5) 5.7, ]
2 p—
=) =
2
x° —dx z(z —4) T 4 4
12 lim —— = —lim —— " fm -~ _ 2
eoiz? —3z—4 ooi(x—d)(x+1) =—tz+1l 4+1 5
(2+h)?—8 . (8+12h+6R*+A°)—8 12n+6n*+ A1
18. lim ~———L — = — lim =lim ——— T =
h—0 h h—0 h h—0 h
=Ain}l(l2+6h+h2)=12+(}+l]=12
2 2 2
" z" t2x+1 im (x+1) — lim (z+1)
z—-1 g*—1 a——1 (22 +1)(z2 —1) =—=—1(22+1)(z+1)(z—1)
— 5 z+1 0 —0
TN @ D=1 2(-2)
1 1
(3+hR)'—-3'  3yn 3 3—(8+h) _ . —h
P h Ao h R0 R(3+h)3  Ao0h(3+R)3
. 1 1 1
=11m — e = — —
h—0 | 3(3+R) j{lnﬁ[3{3+h)] 3(3+0)
" 2Z2+1 fz<l

- (@) f(=) ={

(z—2) fz>1

lim f(z)= lim (z® +1)=12+1=2, lim f(z)= 1h{1+(..": —2)2 =
z—l1— z—l1—

z—1T

(b) Since the nght-hand and left-hand limits of fatz =1 (c)
are not equal, lim f (z) does not exist.

(-1)*=1
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84. Selution 1: First, we find the coordinates of P and ¢ as functions of . Then we can find the equation of the line determined
by these two points, and thus find the z-intercept (the point R), and take the limit as » — 0. The coordinates of P are (0, r).

The point @ is the point of intersection of the two circles z* + y*> = r* and (z — 1)? + y* = 1. Eliminating y from these

equations, wegetr’ —2° =1—(z—1)? & P’ =1422—-1 & =z= %rg. Substituting back into the equation of the

shrinking circle to find the y-coordinate, we get (%1"2]2 +yi=r" & P=r~1-3%) & y=r/1-3r

(the positive y-value). So the coordinates of @ are (%rz, ry/1— %{r” ) The equation of the line joining P and @ is thus

—r
(z — 0). We set y = 0 in order to find the z-intercept, and get

1

1,2 —1, (‘fl—%r2+l)
z - =2(,/1—§r2+1)

T =-r = T3
'r( 1—%1"2—1) 1_Zr_l

Now we fake the limit as r — 0% lim 2= lim 2((/1—r2+1)= lim 2(vI+1) =4

r—0+ r—0+ r—0+

So the limiting position of R is the point (4, 0).

e

Selution 2: We add a few lines to the diagram, as shown. Note that
ZPQS = 90° (subtended by diameter PS). So ZSQR = 90° = LOQT

(subtended by diameter OT). It follows that /OQS = LTQR. Also

ZPSQ =90° — Z5PQ = ZORP. Smce AQOS 1s isosceles, so 1s T R x
AQTR, implying that QT = T'R. As the circle C shrinks, the point @

plainty approaches the origin, so the point R must approach a point twice

as far from the origin as 7', that is, the point (4, 0), as above.
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