;y. Two runners start a race at the same time and finish in a tie.
Prove that at some time during the race they have the same
speed. [Hint: Consider f(t) = g(1) — h(t), where g and h are
the position functions of the two runners.]

Rummsrs vum m e mverval (o)b)

fw): 9 ) ~h(t) f "(t) = 9'tt)- h&)

f({—) s continmous m vhe mpervak [0,6]
/umﬁm m e mtervalk (a,b)

From +he quwwaﬁm gwen,

fm) = f¢ b)

Py? Lolles Jhaorem, vhue ed)st o mumhet c

m wtervod (a)b) . ond f’fa) =0

N 1= -h)=0.

)

Oa ’((/): h’Cc)
Hence ” e mel IS Sl ot somd Finl oéw\hg the raul.



2. fm) = K>-3x+2, [2,2]

Q= 2/ b=2

f‘m =3x=3

]”(o) =305 3
39 e Mean Voalwe [hossem,
Hut edirt o wamher ¢ & (2/2)

- a{ _
= $-6+2-|(8+6+2)

4

=

4. foo= %, [3)

6\/—‘-1/ 10=3
( _ __,J_
flx)' X

o

.
(c)= —

by e Deni | G0
Hut eVirt o wamher ¢ € (i)3)

f/“): #(b)—'folm
- :fcz)-fé‘)

=l
= _é_’l :,—i‘
2

oL L
(\’01.3—5

e G = j:J;




N
4.2 hxeveases
9/Lct f(x) =1 — x**. Show that f(—1) = f(1) but there is
no number ¢ in (—1, 1) such that f'(¢) = 0. Why does this
not contradict Rolle’s Theorem?

z S =)
f (0= |- ()3 = |07 =0
W= 1-U)s=o0
o L)z fap=0
’(x)f: :’“_f R
f -TXT T
{09 7 wet clefined o w0
1) degs wot ewist.

which T3 one 9‘/ conoli tioms 7’797 the Rolle's Jheorewm T
ée e/rfw/vl?f/wo(}.

Henee) Jis et  contradict folles Jheorem.

11-14 Verify that the function satisfies the hypotheses of the

Mean Valne Theatem on the given interval. Then find all num-
bers c that satisfy the conclusion of the Mean Value Theorem. ', 4¢ -3 = }
W f(x)=2x*—-3x+1, [0,2] C = I
=0 h =2
[ ¢ [ & (0 @)
f (9= 423
Do f/(c):4c——} s (-/:)

129 the Mean Undog Theosom,

e evist a numbper C € (9,2

]cr((_) - f(z)—g( 0)
}—

pra

\\



47-62 Find the absolyfe maximum and absolute minimum
values of f on the given interval.

497 f(x) = 2xt—=3x* = 12x+ 1, [=2,3]
]U({): 6902~6W’/£
= é[‘x*l)('ﬁ’z)

2 @ m ke mteevad [2/3]
Swbostitwlt, %= m fi)
o fe)=2 -3+t = 4
Subhstitute 6=2 Jn fo0)
A fw)= sb-12-244) = 19,
Menie, the ahsolute mmznum value 1S fwr/ Z
the ok solte meminwm yodve isJf)=



4.| Txaeypen sos

7-10 Sketch the gra 1h of a function f that is continuous on [1, 5]
cs

P Sy S ]
O ¢« 2z 3 4 5

29-44 Find the critical numbers of the function.
30, fox)= X+ bx*—15%
x)=3x% 12X — IS
Let [ =0
N EBxTtRX—(3z0
X+4x-¢=0
K-)(xt5)=0
2 X =lpX==}
Hence the cuatical numbers
wt | ond -5

(6)=40 ~ tand)
"18)= 4— sec”B
¢
Lot g(ﬁ)
! -s5ec’9=0
4= s0c’0
Juoewyf = .t'}.L
AR 9:1’.’%( *Zkﬂ// ké‘z
or
G =sdni2ke, he2
W e coiticad Mmf ol
£ B takn ko) ondd ¢ sbaife?)

35, g(g): gz:g + )

I q+l (g) oy-) _ _—4 =29
g ghs rgd)= T (y=g+*
et 914)=0

24 —g‘ng‘«()
g _34-2);0
9 0 or Y=2
M,ww& e citical mwhhors e
0 2.

= ke
f’m) 25. &+ w0t Y
o (357 2%)

25,

w /0
—Ix*t2x =0
0 (4% +2)=0
2.
CL=0 or N= 5 -

Lk

2

Hewer b coitical, mumbers mﬂbwﬂ/’%‘



46. When blood flows along a blood vessel, the flux F (the - _
'\«olume 01.' blood per u.nil time that ﬂ(?ws past a giveq point) fm 7"/\& m{d’}’mm W@ﬂ/
is proportional to the fourth power of the radius R of the F = kkq,

blood vessel:
= ir' L dF =4k AR

(This is known as Poiseuille’s Law; we will show why it

is true in Section 8.4.) A partially clogged artery can be . The fuow‘wc (] F /5
expanded by an operation called angioplasty, in which a OIF 4_é2 %‘k . ! g
balloon-tipped catheter is inflated inside the artery in order ‘_F_' = W = V2

to widen it and restore the normal blood flow.

Show that the relative change in F is about four times the /\.{/W& e redatit M& mF

relative change in R, How will a 5% increase in the radius  ~ ~ He . boti
affect the flow of blood? S s M m T74ed L

C,Aamyg 7 :
From +le ovimodA g g TN, ”
AL - sh e 4dE o),

Henwe o 5 moresse in he radins widh comse o 29]» morease
w he fio of bl



15-18 (a) Find the differential dy and (b) evaluate& for the

given values of x and dx.
x+ 1

157y =¢"" x=0, dx=0.1 19y =" x=2 dv=005
* _L d (fx«I)— (x+) =
(o) = @" iz 4 ﬂ%‘ &= = (x)*
g‘/y: 70 L « .)\Ag: (-.;_,)*dﬂ

. Cihoboieds w0 AR

Ol/‘j— /0'@"0"- 0.0) () Swpstitute %=2 dx=0.08

—2
u‘\d/ :————"’X04a\g:- "0\,
>
19-22 Compute Ay and dy for the given values of x and

dx = Ax. Then sketch a diagram like Figure 5 showing the line
segments with lengths dx, dy, and Ay.
e 2dL & e )

?{. y=e%, x=0, Ax=2035

7‘10) =g’=|
f(xmc) f(x)
f{o ;)— (1)

i g2=| ~oé$’
= {10 dx

j:fe“aloc

= e'x0f =

23-28 Use a linear approximation (or differentials) to estimate
the given number.

(1999 % Lix)=227— €8
Lot the fuactiom be f(m) xt Suhstitute  x=1.999
First ]’ww( the Uindosizatl m [ () ot a=2.| 0 L1919)= 32109558
f{a)_]ﬂm: ok =i = /5. 964 )
T = 4n° Hent ¢a o5t madvom
;’m)= f[(z)> $x2%232 1699% Ts 15 7&&
Lix)= fto)+ f @ (x-0)

Nl = b4 J2(x2)

f



3.10 Exeruses

1-4 Find the linearization L(x) of the function at a.

~ %
)=s510% , =4

)C(m) wsW _
fw)~ 7 1)1 %)%
L= fm)+ m)(m-og

HL@), =+ 4 J—‘—(% z’)

Lm)-ﬁoo— s

7 ffm)]?c a4

fn() B |
0 M= f@=2 ffa):f’w):
Lod = fw)+ o) (-
Lo = 2+ 4 (x-4)
L) = Fa+|

7-10 Verify the given linear approximation at @ = 0. Then
determine the values of x for which the linear approximation is

accurate to within 0.1.
St

W. efcosx =1 +x

10.lot f0d= e os .
) = L (oA - smn)
(0)= 2’30 = |
)= e (co30-s00)= |
L= fo)+ f@) (x-a)
& L= |+ 1x-0)= |+%
Mo, the Linear a//w%'lmaﬁ?n
o VW]’?%Z

11-14 Find the differential of each function.

gm]%

%; Seczﬁ ',,7%.'"

Sec v VT
otg = E dt

I&"wwa‘UWC)I‘D.I
—0.|< ef W - (14+X) < 0.)
72 7< 02 cosd—% <

M,m CAS, the m lon s
satis fi al/;w ~0763< %< 9.60]
lineor Wm modvon

& otcurate . withen 0.
m the mtawod (0763 0.657).

VZ

i g= 'Fru/
,%_2_: -20-(140?) = 20- (V%)

Q+v)‘
7'4—_ (H u’)"
SETE

_4U

U{'u)



/0/ A kite 100 £ above the ground moves_horizontally at a speed
of & ft/s. At what rate is th between the strmg and the

horizontad decreasing when 200 ft of string has been let out?
¢ :
T ﬁam m s matbien given, pawd & pioond |
I, o /

f fw- ——

9:
J ke Af,ww Mxmz’—mx-'wﬂfft
h i e let s = Wmvml duiz:,uu
A
s Sft/g.

/n

Pﬁfmmwe/ both side,

wo,s

sec «9%»*

L\/é) ’%- (/98\/))"( $

,5'17 ral /s
Hence, fﬁyaag(aéhaeuwyw a mﬂéf‘;‘—%rae/(;



Z}/Gravel is being dumped from a conveyor belt at a rate of

——
306 /min. and its coarseness is such that it forms a pile in
the shape of a cone whose base diameter and height are

always equal. How fast is the height of the pile increasing
when the pile is 10 ft high?

Lot V'vo/umd h= bt ) PPAT s
?AWW r= ),%j—;vﬁ/ww

Ve @ - 7" e

l/» W
Dﬁmm both side wivh m/m 't/

v 20“\
e A3

20-= %7‘/027‘%—’
= oUn o "‘fu /‘b’/m/w
me "’“‘9”‘ Foreates with vhe rete of S fof win,



2/6./ A t%ﬁgh is 10 ft long and its ends have the shape of isos- ¥

celes triangles that are 3 ft across at the top.and have a height
of Lft-If the trough is being filled with water at a rate of

12 ft*/min, how fast is the water level rising when the water

is 6 inches deep?

/:}om vhe »;T’:m:/uﬁm y en,
a f?&?fwe.

Ji Let h = mﬂh of water
[ V= Vo lume 97‘ welliy
Sz hghelo )
A= e5h” = Jeh® b mohes = D‘Sﬁ-

Veffuentinte Lovh side wiik rospet ¢!

v 1= /T XD X 0'5 X%’

=% felbin

Hont, the witor lwd & wsw M#@fmd’g&'/@ih
whon  +he wates L 5%0‘45%7



}«7( Two cars start moving from the same point. One travels south
at 60 mi/h and the other travels west at 25 mi/h. At what rate
is the distance between the cars increasing two hours later?

I?. 25 wi/h ﬁmn ThL hvfawnaﬁm fwgﬂ/

- draw o WA"
éﬂm"/hd
%E_Z— = éﬂm‘///» #: %‘m?/k
Zwo houss /a?ff/f)

Nz boX 722020 mi
g: 25x2-7 50 w,

nZ2 ey = 150 mi

z‘Z; KL'(91' N
?;ﬁmm both side wrik M/&d Dt

22 R‘j— = 2%'—% - }g%

I S Ak
%lje— > xwx{i*a;@% = b5 mifk
/
Henw, 7he car s mntasmy) 2 houts (atwr at The




y./ If a snowball melts so that its surface area decreases at a rate of
1 cm?/min, find the rate at which the diameter decreases when

the diameter is 10 cm. Let e time he T

Lot mnwfu& mé& M&{tﬁz diameter b2 P
m/mmotw ”awen, 7— [ cor/min
S 470(3.) 4’” ﬁP’ S =207
D%Wa ér% st wh W e o
ds ds b
Tol%’ =MD dE

T 220 ,%‘
; = 2Ax(0 "—%_—
.4 )

A S Sow cm | win.
/ =
Mma/ﬁ» digmiter MM;&S art a,mfoaf%w/wn
157 A street light is mounted at the top of a 13-ft-tall pole. A man

6 ft tall walks away from the pole with a speed of 5 ft/s along a
straight path. How fast is the tip of his shadow moving when he
is AD_ﬂ from the pole?

@4-
The mx/e,rrT Ma QfTMWFaTJ/uWZowZJ JTLEM

d(+9) et — 'a‘oloa /

772:—}7"” S "
Jhe ol e o the +p o] thadow ’\\f)— /5
~ s e s

ki e s 4



g? EWW&’:S@S b t)iaA)

y(a) If A is the area of a circle with radius » and the circle
expands as time passes, find dA /drin terms of dr/d1.
(b) Suppose oil spills from a ruptured tanker and spreads in
a circular pattern. If the radius of the oil spill increases at
a constant rate of 1 m/s, how fast is the area of the spill
increasing when the radius is 30 m?
z2.(0) From vhe MWM Jren
A= ir®
dh _ . dA_ dr
3 ar At

) Frome the }anmwéﬁh fwm,

j‘%= [m/s. — FP=3om.

- Jhe e of change m frea
M;z%x}m}:éom m’/s

v
Hence e arca ?fvﬁz crcle i mwamy with ¢he ratte boa ws.

W Ifx*> + vy + 22 = 9,dx/dt = 5, and dy/dt = 4, find dz/dt
when (x, y,z) = (2,2, 1).

(. @,ﬁm‘mﬁe W]‘mwﬁm with /M//zeot w t
%'2%*%-737‘%4%%.
%-kqo +%(‘97+%1270
AL ‘}’x2+4—x24—%o</;0

‘)‘%; =



