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Nlath Xa Ntlidterm Examination II--Thursdav. December 9. 2004

P l ,  n . " ,  r ' t n  l t  r l o t t t  . x r  t  l i t t t t

Thom:rs ,luclson
. l . r r r r i e  ScL i  i f r r r a r r  ( ( 'A )

II\\IF 1i 12

Augela Vierl ir ig-Clltrasserr
Cbnnie Zong (CA)

\I\\ 'F 10 11

Davicl Harr,'er'
\ Iargaret  Balusch (CrA)

ll\\rtr 10 11

Betr \\ieinkcn'cr
Evan Hepler-Surith

\I\\ iF 11 12

5a uutexts

Problcm
Number

Possible
Points

Score

1 10
2 L-:

, t

D
r)

r
r )

1 l 2
r,.) r

r J

6 7

7 I
8 I 2
9 10
1t) 10
1 1 1 5
Total 100

Directions Please Read Careful ly! \ i l r  l iar-c t t ,o hours to takc t l i is rnicl t-elrn. JIal<e srrrt  to rrst-.

col lect urathetnatic:al trotat iotr.  Ari \-  t i rrs-,r, t ' r  i rr  r lec: inral fblrn nlrst irr :  acc:rrrate to three clecirrral placcs.

tt tr less ot lretut ise siret: i f ie<1. Pac:c t 'outst. l f

trr t tclr  t i rnc lcurairrs. \ 'cru r lo nt-rt  i r i rr-e

probleni i f  rr . ,u l incl vol l  i l le stt tr :k r i t  spt 'rrdirrg too mrrch t ine r irr a singlc ploblern.

a prolr lcm. l-orr rvi l l  neecl to

clct l i t  (excerpt i f  the r l i t 'ect iotrs fol that r l trcst ir .rn spec:i f ic:r l lv

TlrrclFalsc scr:t ion). Pk-asc ]rc sulc'  to n'r ' i te ut ' l t l l  i l lcgiblc

spac't '  is ncr '<[t- ' r l .  rrsc, t l r t '  I

t l r t '  p lo l r l c r r r  I ) i rg ( ' s ( )  tha t  t l i c

cx i r tu .  l r t t t  t to  o the l  a ic ls  a l t  i i l l , xv t ' r l .  Good Luck ! ! !



1. (10 points) fhe follou.irrg iuc all fiurctiorrs of tirne.. \\rli it lt are continrrous fiurctiolrs. iur(l
l ltich ale trclt/ I1 vou thirrk r frrnction is ntit c'ontil]lrorls. lrlieflv erxplain u,lrr..

(a) Tlrr: ircight alror-e sen leve1 of tr piirticular airplarre fl1-ing frorrr Boston to Nerv York.
u'ht-'rc l : 0 is the tine that tlie :rirplaue left Boston.

Co^F,  ̂u6a3 .

( l , ) The uurnber of passengers ou er particrrlar bus,
begins hcr route

The pelcerrtagc cif Harvard professors

l,J ,f co,\ {- 
't 
auo.^ 5 . T 1-"

>  s l ; r l u r ,  l o  l l r l  t , r l l c s l  l r r r i l r l i l r g  i t r  l l t o

.  
-T 

l,  ,s ) '" 'd'^^'<-<

lr,hcre / : 0 is .Jattttat\. 1. 1636.

u-rft 
S< 

a h a-,1c- S

n ' o l l d . n ' h c . r ' c l : 0

<Lr*5.5

l nun]l)er of passengers on il particrrlar bus, lr,hcrcr f : 0 is thc tirncl \\rirelr the clriver

i ns  l r c r  r ou te .  r  D

i l " f  cov . f ' . - t u> rs6 ,  aLL  n , - ^ l ' " u  o {  l " t l euXcJS

;^ o- lo.; ci,,'1c5 'r\' a:[" (< il u'*' b*\

W7e r^^"'^lS

( . ) r'vho are nrarriecl.

r l - J -

h! i  l t-  / tsclt ' -e(L ) * ( t

(d) The clistance fronr tht: \ Io r in  to  t l t c  Sr rn .  u ,here  f  :0  i s . Iauunru '1 .  1636.

C o nn4'r a(touS

(e) Tlre clistanc't:

is  .Jaturarr '  1 .

fl "t

f i  orrr Johrr I larvarcl '

1884.

( a n [ i  n n a u g

t t l ' r t \  ( r r 1 t ' ; ' m ( 1



'2. (5 poirits) \\ iallr ' . thc \\ iclsh farlrncr. \t:arrts to fcrrcer cift :r lectatrgttlar arca itt his f ield {or his

sheep to graze in. He u,irnts the biggcst trrr:tr possiblc. His {ielcl is verl '  largc. l ir it l te ottlr '  has

200 ft of fencing. Hol-ever. l straiglrt river mns thlur.rgh l i is f ielcl :rncl his sirecp art ' trfra.icl

o[ rvrrtel. so he can save sotne f 'encing ltr- rrsing tl ie river as o]rc of t l ie sirles clf l]ro rocterroln

\\'hat is the largest area that \\raliv can rnrtkc tbr his sheep tci graze in'/

YotL rrt,ttst .justi,fu Uour o,n..s'Ltter rn,r'efu,LLy for fu"Ll t:r'etl'it.

R i  u. . t ,

x2 *) rr

- A  =  y ( z o o - z r )  3

266  -  I  Y  =  $

So rs ^ ca.  [ i  za(  Poi '^ t

t t  ^uwt 6c-<uJtt  at=  - 1 1 0  |  A  i A a l t u

A= , 2=  zoo

2oof.  -Lxz

A , :

5 i r *

x = t o

x =
f l

f o o d $ t ' r 3 lor , l  r t f uVa
A t;o) :



(5 poirrts) Firrcl thc ciclivative of
1

t , "  ,  _  
2 r / j .

rusing the clefinit icn of t ire clerivative.

Sho'u; all utork to rereiue: fttll u'etJit. You, rrnLst cak:'ulate a, d:ifer-ertct: rytoti,ertt

You uti,Ll rer:ei,ut: n,o c:r'ed,t,t t'or.sirnpl .r1 applytng the pouer rrt,l,e.

f 
'(,*) = o. $r, .qi  - fq-

L trna

[^ - ,  
h

r J -. : - a ;
[i*, a);r'. ------,-
h-o  h

l : * {;
t ' t Y I  

^

h a o  4 { x t r r \r 'u
$  S + h

=  ) " - ,

h-+ o

h- ,

= l',*
h + "

2,h.ffi"iT
-

.4 I

\ r  +  \ , r t l 1

( vx f h )

I

{t; {- Gnd,tr'j

A ^ ( x t (x*4 ) .f) )ffi
- l

A [x{ ]7 , . |  ( x r h ) F  )

Ia  
a , rV

Ahl  x
- 1 4

= /.' '*t

hto

=  
\ ( 2 x $ )



+. (12 ltoirrts) It ]ras Jreen obsen.erl that r 'onrPrrtcl tcchrr,rLrgl i l l l l . l ls\ies €rxpolicntiallv rx.t-r t itttt ' .

Irr fa<'t. Xloctrr:. ' :; L(r,tt, stirtes that cornprrting pou,er clorrblcs,,t ' .- ' t ' l '111 \ 'eiII 's. Sttirposer tltat vott

hate t i  t r .p ic t i l  c lesktop c 'Otr tpr t tcr  th : r t  c iLu ( i r r r \ - ( ) l l t  lU l r  ca l | r r la t i , , t r *  per  ser ' , r t rc l .  : r t t<1 nsst t t t te

tl iat NIoore's La:'r, trpplies to votrr c:orrrputcr.

(a) \\ i ' i te clou'rt u frrnrtion that g,irls ther rirrnrlrer of calcultrt ions pcr secriucl that t-ottr c'ctttt-

puter can cilrrl '  out. f vears lrottt ttcxl '.

( b ) 81' rvhat percentnge clocs tltc sperccl of
eacli 1'ear hns cxacth' 52 rreeks.)

r  l /  '  a

( ( 'tri
v \

€
p . t 7  10

\rorlr cornptrter increase eraclt

( r/sr) / r.{

rveek'i (Assurnc that

t o1  .  l . 00a1zG lz

(.) Bl'strrclving the behar.ior of nerrrones (the cells irr hurntut brains). scientists ltave esti-
rnatecl that ther tvpical hurntrn lrrain carrics out the e<pivalerit of 10Ll cakul:itious per
secolcl.  \ \ , ' i l |  l r9rrr ' . . 'nrnrtpr ho e' '1r lsl3,f ir ig r16rc r lr iCklv t | :-ru r1t9111 l tr l i t t  i t t  20 vears

tirrrr:/ \\ 'hat alrout in 30 verars tinrc'l
a L6l  t .S_

l o " 2  x
C (ro)  4

C ( t "1 = t D'l , ^!o/ 
t 's- 

x-'

t . 0 3 l x  r D r 3  @ . i ^

l .O  r {4  X  (o ' r  E



5. (5 points) I ist in iate . l -  rrsrng l ineiu lpproxinrat\on. Hint:  I1/(r :)  --  l l r .  t l icn / ' ( : r ' )  -  -11:r2

f  (* +4r )  k

r L  X = L  6 ^ - )
t

, r  =  { ( 2
I  . 1 1

_ - L
A

+ tf ' r"t) Ax

- o . 6 (  , f u

* ' ' t  ( .  )  + { ' (z)  ( -c ' 'o ' )

I  r  /  . \

i l  ( -o 'o t ' )

.il rr)
A x  =

-  o . "  t )

+  ( -

0  . S o  z {



6 . (7 pourts) Let ./' anrl
cr-ahrate the follou,ing

2 i
I

(u)  q(o)

17 be tire frrnctions

expressions.  I f  t l re

n'ht.rsc gtaphs arc givcn Jrclorv. fJsc thc gr': iplts

cx;rrcssion carrrrot be evahratccl. sti l . nlrv

l o

x (o)
)

= (

( d )

( ,  )

Nor- 5a6T

l i ' $c,.) 1U) 
= o

)c-2 t
(") ltrn .f (:t:)g(r:)

. t +  /

(b)  l i rn  q( . r

/''' ^

x-? D
l i rn  I l  ( . r : )  +  9(r : ) ]

D oe5

lTlll '(.r)a(.r )1

3")  
= - l

( f )

ll* |C^)tr<^; = l
x4 - /

l i rn . f ' ( t ' )o(t , )
. t  J r

l ' ,rv1 - +U\10)
x; -7* ')

,h11, ./( r).r l(r ')

- - l

( - )

D o f  S '  / d o r fn sT



7. (!) lroints) Thc rlcnt,u,ti 'r,e .f '(t) of a frrnr:t iorr is glitphecl berlon

(a) Approxirnate the iustatrtaneorls latc of change of the ori,qi,n,cll, ftt,n,cti,on, at : ir:0.

: O =?

(lr) At n'] iat r '-r 'alucs cloes tlte ori,qin,o,l f iLn,t:t iort../(;r:) hnve a lcica,l rniuirnrrrn/

X  - -  - l  
t z  )

\ ' ( , r )

( . ) or"iq'i,rt,o,l, .ftrnc:tiort .f (.1) concavt-' rrp /

( o . 1 ,  z i ,  ( 3 ' a t
)  

\ - )  ) \

4 r )

+4 }r*-',.r-fu. cLa\cs 1""^^ 
*Xof iut

I  o; l ' i$s.

On ri'hat iuterr,a,ls is the

( - r . ,  ) - o , a )



8. (12 l io irr ts) After being scnt t<i
n inckru' uncl throrr s irer Iar.r,rritc
flr.. ltrtt insteacl it nent up for a
feot. of thc tcll ' as a lunction of

u'ircrlr- I is rneasurecl in scconcls
out cif the ninclorv.

hcr roonr fbr a ' 't ime out." little Srrzt- operrs ]rer beclrootl
tov str tr ight rrp iu the air .  She l 'us hoping that the to1- noulcl
Iittle rvlii le and tlieu droppecl to ther gloruicl. The heiglit. irr

tirnc is givcn b1. the follor,r'ing eclrration

h ( t )  -  - 1 6 1 2  + 2 t + 1 7 .

arrd I : 0 con'esponcls to thc tirner thiit Suzv tirrerrv thc to1'

(a) \\iith ri'hat S r r z r -  J  h r a r r r  f  l r o  t r x . ' 7

- 3 Z t  + l

a+f  1"" .

dici the toy l isc before it

- 3 a t  t 1
^t rL hig|..'r

verlocitv clicl

h ' k ) =

h' l  o)

(h) Hou' high c, f f  t l r r ,  grourr, l

h' (o -'

+  r = f r "
-)*/ h ca)

(c) Horv fast lr,:rs

h ( 6 ) =

startecl to fnll?

O :  -37+ + i

Pr* ,

l he  toY go ing  a t  thc  exac t  n tc rn ten t  rvher t  i f  l r i f  th .  o rn t t t r , l2

- l G ( ' + 2 +  + t 1  : o

t <
- e 1 \ - + -  q U t \ Q t ;  *  t . 6 q , r\ - 6 '116

f" ( 1, onr)

(d) \\i l iat u'as thc acccicration of tlie tov at its rrr:rxiuurrn heiglrt'/

-32. It /*t1,rt' [t )



9 . (10 poirr ts)

(a) t ind a polvtrornial  func' t iou P("r)  u ' l rose graph coukl rr iatclrthc glaph belorv.

j'cr)

5 \ ^c t

( c

G)b^.) i
x-^)

= Pcr)
Lt

(." -G)

=  K C

(x -c) '

z- c*) (z-

+
P(D

ff1rD (z-')-

-  1  [ r - " )  (x -r') (x-.)r

1 0



(b) Firrd n ratiottir l f i tttction /?(.r:) rvht.,sc graph coulcl uratch the graph berlol '.

f?, tr) =
g (x -u) ( x-.)

(x -u) G-))

L]



10. (10 poirr ts) Suppose that . / (2) :2.  . f ' ( ' ) )  -  - i - r .  g( ' ))  :  -2.  i i t ic l  g ' (2) :  -1.  Fi ld elch 9f t [c
fbllor'ins r.ulrres.

( t r )  A ' (2 ) .  i f  h ( r - )  :2 . f  ( . r )  -  :3q( r )

v"' tv) = I t'/>r) - 33' tt \

h'[z) = 1f ' (z) l1 '( ' )  ?---n
e- z (-s) 3 ('r) = 

[:1 
r\

(c )  f i / (2 ) .  i f  h ( r )  -  J ( t : ) l r t ( t )  P-  f :  ?  I  l t  2 .
\ ,  |  , r l

6'Q) = t

, t , \  t1r)or ' . i  - { (da ' r ' \  -  t ,s t ra ' -a
h ( . ) = @  

r r \  
, t

' L a l
(ct) Firrd i itr ecluatiott of a l irrc tnrrgcrrt tc J' at r - 2

\ =
d

=

f ' t 4  G- i

- t  U-z)

r t(.)
f L

t2



11. (15 points) \brr tuer clrivirrg rrorth orr a street to ir fr ieucls horrse. \ iur rcii l ize th:rt torr have

pirsserl t lrr: l housc. arrcl so rou slou, clown. There a1e 1ro othc'r r:als clr the l 'oi,rd. so r-orr put

thc c'al in lc\.erse arrcl bach rrp. c'orrring to a. sto1.r irr f iclrrt of I 'oul frioncl's horrst. Srrp1rost

s(/) gives tl ie positiort of ther car at t iuri ' t. in rninutcs. r,r.hcre r'r lrosit ive.n'alue for .s lclrl lscuts

a positioir to the rrorth of r.our friencl's house. Thc figurc Jrc-lol shows thc grapih of t ire:

r l .er" i t to . t i  t , t :  y  :  s '  ( t ) .

y=s (t)

- l

a

- 3

(a) .\t u'hat tirne f clicl vorr lealizc r-ou passed the friend's house anrl stnrt slorving clor,n'l

{ = ^

(lr) At "r'ltat tinte rlirl \orr prrt the c'ar into re\r€rrso arrrl st:rrt backing up'/

L < / 5

(c)  At  t i t t tc  t :3 .  rvere vc l t  a .c 'cr ' lc rat i r ig .  c lecelerat i r ig .  or  goi r rg a. t  a  constant  speed/

a-)

2

I

b.otatof -1

l 3



J - r  ( r ,

(rl) F'incl the approxirnate valuc of .s"(10). Describe whtrt s//(10) nreans in vu.orcls (in tornis

of r 'vhut is l iappening nith the car).

5 " ( r o )  =  5 ( . ' 1 c  o *  s ' ( + )  " {  t = / o

:B
T Ie- (o)\ ,s '5 {t ((

4MD'4- ; Iot^ l l ,

4-9
6

:_

, G^l-

the posit ior i  s(/) .  giverr t l iat  at  t inrc f  :0.  \ :ou \vere passing
is  ; r l  pos i l  i r . , t t  *  -  0 ) .

Fn-k-l ul

( " ) Dr r rn '  a  l r o . s i l r l , '  g t  r r l r l r  o l

votu' frierrrds housc (r,vhich

y=s(t)

1 1


