Math 121 - Final Exam ] June 18 2009

Question 1 [15 points]: Differentiate the following functions (you do dot have to simplify your
answers, however points will be deducted for improper use of notation): ’

3 1
(2) (3] y=3x4—§—% = 3x°’-7\ix7—-7~x

(b) {3] f(z) =tanzlnz

1
-Q(x): se,c}'z-\wx + tony - _%

() [8] g()= %

_ (+€) 7 3~ 3" (\+ex)

(x+e) ™

9\ (x)

(d) [3] f(ill) = &sc(@)

csc (X)

fin= e - [— csccx)aot(x)]

(e) 8] y=cos(vi-a?) = coS [(t-—xz")?']

5' = -slw}:(t—x")tj -1 (- XL).E ("2-">
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Question 2 [12 points]:

. (a) [4] If s(t) = t® — 3t + 1 represents the position of a particle in metres at time ¢ > 0 seconds,
N determine the acceleration of the particle when the velocity is 9 m/s.
shw = 3Et-3
( 2 R
NSHI=q D H-3=9 = = ﬁigi-_-.q
= t= 2 s
" _ ) .
SeR) =6t 5 s"(2)s () =12
<2
(b) [4] Compute ¢"(r/4) if g(z) =In(sinz) .
_ 3\ (’)C) = i . ( cos X) = cos ¥
SW\X S;mx
w Sinx ‘GS:.KX) — cos X+ <O) )64_ = —————(/
@ (x) = ¢ 2 S“V\ZX
S %
[ ! 5
(E I - - —
3T

T
(c) [4] Determine the point (z,y) on the graph of y = € at which the tangent line is horizontal.

T
X X

. Xe —¢€ “ (-

gl~ CL = C (3‘}

X
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Question 3 [12 points]: Evaluate the following limits (it may be useful to recall that ﬁl’% =7 1):
z—s T
. 24712
. (@) [3] lim & +z-1

s 22422 -8

o lim  (x-3)(xed)
o | (- (Cx+a)

= T
-6
= X
(4
, 5x7 + Tz° —:-7(,5’
(b) 3] ILm Tzb—z—1 -"79(')/
* 2
= LW —SX + F
g K= oo _ A -t
A T
- - 0O
() [8]  lim In(1++a)
oS 'X->o+, x>0t

, S° L+ I = \F

00 \\A.(,\'t- R) ;"? (@)

a': [ ("V\

(PN ) =
B L (+X)= o0

@) [3] i sin (36)

520 tan (56)

— liwm 5in(36) . | Ccos(s®) . 3%
>0 Su(SP)
& T
G ) (s6)

I

2
=
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Question 4 [11 points]:

(a) [3] Determine the general antiderivative of f(x) = z'/? — sec’ + 7
Cono 2 %
= X ~Tanux +vx+C

(b) [3] If fi(z) =2z — % —1 and f(0) = —1, determine f(z) .

X
L o
Coy=1 > -1= or- QZ. —0o +C
_—% - =l
C= A
o ‘L ®r ]
¢ x) = - & x -
£ex) X = X 73

(c) [5] A particle has acceleration a(t) = sint + cost where ¢ is time in seconds. If the initial
velocity is v(0) = —1 and initial position is s(0) = 1, determine the position of the particle at

time ¢ = 7 seconds.
Ok) T smt+ cost
woar(k) = ~cost 45wt ()
e > o Bedec,
= ¢=o
VV'C"C) = - cost4sint

o

S S = —swk —west *C’;L,
- . 1) -
SO)= 1D Sl —costy« (= |
= ¢, =2

u‘o S (‘E\“: ‘S:V\(t) - @S('tj%l__

SCR)= = Shet®) = o5 () ko =7
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Question 5 [12 points]:

T

S (a) [4] Determine the equation of the tangent line to y = L —;lnm at the point where z = 1.
- A
=1 = — =
Pr% X ) ‘% l 3 l
3 | L
3’ = X (H- -;) - (X,“\-(u.x) 2x
6

X
4 3 —L - ! e 3“L
¥l = L)l

‘ ¢

- ﬁ-\ = -\ (K-l)

o \g: - X +2
(b) [4] At the point where = = a the tangent line to f(z) = z® is parallel to the tangent line to
o~ g(z) = 22 + £ + 5. Determine all possible values of a.
{ {
3C (a) = g (G\-)
. 2
S Bal = Qo+
kR
3a ~do~ | =09
,
3a" ~3a +ro-| =0

3a(&-1) +(en) =0

G t\) (a+) =0

3o+ =0 a-| =°
= ‘_’ =
(c) [4] Use a linear approxjmati'on to estimate \/%
| fo= o= Xt s (oo
x )
() = = L
S 00‘ LO
3
\ ~% -
S’ x)y = _'JEX = -—(—3
2.()
o) = —m— = ' .
§ () 2(es")® 2,060

»

s 5O (o) + §'4(a) (x~cx> =

2, §(\Ol) ~ ,_\‘_0_ - (‘o\’\OO) - | - (99

2000
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Question 6 [8 points]:

(a) [4] For the curve defined by 1/zy = 2%y — 2, determine the equation of the tangent line at
the point (1,4). '

3
(7(‘3) = Xzé—z,
-2 L
';.'L(Xg-) L[_‘g-\- xg’l;—, 2R+ X 3,/
-
ox ()t (N [Hry]= Tn’

7!3( E‘f+a’l= ?-bé,/
Hag! = 0ty

3%/ = - 7»8
) . =238
V. 32

Sy = T2 (x-),

(b) [4] Use logarithmic differentiation to find y if y = (sinz)*®* .
. CoS X
y = Gw)

cos X ln (s \‘Mc)

\v\us'-‘—

_}g}/ = _'S\W\X-\v\(s;wx)*—cogx,. ;:_iv:.c,-c@sx

Sm X

I (8( = (s‘\wx)wsx E‘SI\AX'\\«.(S \‘V\X) “+ QOSzX]
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Question 7 [8 points]: The volume of a melting cube of ice is decreasing by 2 cm®/min. At what

rate is the surface area of the cube decreasing when the side length of the cube is 4 cm? State units
with your answer.

Sz bx
X
= a_kij.a ‘le
K
= x®
— - 2
QLS - (2 X ol X
At oAt
( AV
= !2 X . -
39(,7' a{W
o N
T

b Lhew x=4 A5 U H () s <2 ot
At “f -

VA

. 2
& The Sw—Fac,e, avea,. AS o(’e‘cV‘e;OxS‘”'a ot L %—-

yiAn
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Question 8 [10 points]: A right circular cone is inscribed in the upper half of a sphere of ra-
dius 3 m as shown. Find the largest possible volume of such a cone. Clearly justify all conclusions
and state units with your answer. (Recall that the volume of a cone is V = 7r2h/3.)

T,
Gl =9
\I:. 1—;\(?'\\
3
= I G\«\«LJK
> 3
- 'g(“““k) \ 0t ¢ 3

- KDB3-Wl =0 o L=§
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Question 9 [10 points]: A box has length equal to twice the width. The cost to ship the box
is equal to the sum of the length, width and height. If the box must have a volume of 12 m3,
determine the dimensions (length, width and height) which minimize the shipping cost.

e _—

3

2
éf \J = zxg-(p_m

X
2 X

C= Lx—(—?((—"%‘-“ Bxt gy

Ve L
wimze (= Ixey wa:\e@t “+o LXL%:(L

2 _ G
2XH[=2 D y= A . =5
?Y > ‘3 2x* x*=
oo Mw}e, C(_'x,) = x4+ .(7_(01. G~ (o)oo).
\
Coge 312 o 3x*i2
X3 x3

Coy =0 =» Xmin > X=4> x=4

//3
/ ) t
G } ] f 4
‘ 2 0] @
costy Do T
Cix) = 3x+ L. AN J

07%’
1

» (&
r)
n

0N
W
{f

W
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Question 10 [12 points]: For this question consider the function f(z) = 20z® — 3z°.

(2) [4] Determine the intervals of increase and decrease of f(z).

ﬂl\(x)—: ¢o Xz-lS-’)(q = IS-XI(L(-X)’)’—‘[)—xL(Z-X)('Z:HC)
f\oc)zo o X= 0,2,"2,

-2 2
o . \ >N
\ I d

@ ©

®©
Floy - — O + O + O —
7

P

fexy) ¢ \ Ve N

Lof s nereeswy o (=2,0) U( 02) 4

O(QV&S‘M% (=30 (—oo"?_> U] LZ‘ oo)‘

(b) [2] State the z-coordinates of the relative extrema of f(x).
{ las o el aw., at x = *l)
F has a red, mox. ot X= 2,

(c) [4] Determine the intervals of concavity of f(z).

t
f (x)= a0 X~ GO x3 = Go%(l- .X")

') =0 ot x=o  x=J3 -JT

-7 0 32
¥ ; 1

N

A N TUEYN ‘(~°°,’I:)U(0J1>‘)
Fosoan e (2 0) V(R W),

(d) [2] State the z-coordinates of the inflection points of f(z).

= -E)a)ﬁ‘,
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