
#at t=1 .

y
= tz= /

So
y

= (l-2) + 1 = x2-2x + 1 - 1 => y = x-Ix

↓ (t) = (1 ,2t)
= [ + 2tj @t WIll = i + 25

r" (t) = 30
, 27 = 25 & t = l r"(1) = 25

# riti = [-) t= - r(t)=+J

egn.=F , y=
=to t =E+

Su== =-I
so Hy= => y= -1

r" (t)= i +]
="1W=-I

= Hi - 45

~
" (*)= i+35 = - 16i - 165

#3 r(t) = <et
, Yet] t= In 3

equ . U = et
, yeseit-lett =r so y

=E
rit) = (et, +ze] & t=Inb +" (lu3) = (3

, 47
note firs=3

so giens= (elna]2
r" (t) = (et, 42

+7 r" (In 3)= /3, 87 = 32=9.



#I r(t)= (cos2t ,
3 sinit] t= o

egn .
I= cosIt

y
= 3 sinzt

& costo-sinto : I so

cos2 It + sinit = 1

& (cos2t) + [sinit = 1 = 22 + Yy2 : G
.

rit) = (2Sin2t , Gcos2t] @ t= O r101 = 10 , 67
r" (t) = C-4cos2t ,

-12 sinzt] ↑ " (0) = <- 4
, 07

#9 r(t= (t+, t- 1
, 2t) t= 1

~ It) = (1 , 25
,2) velocity rector = 'It

~"It) = (0
,
2

, 07 acc . Vector E = r"(t)

direction
at=to isUof motion

att= l

(4 ,
2) = (43 ,

2,4)

and speed is Iri) = 3

&) so velocity rector is (speed) * Ideationon

3* (13 ,43
,
437 ................

# 10. r(t) = (ht, ,/z] t= 1

vel . rt = (1 ,
it,27 et = 1 direction of motionis

acc. ↑"It = S0, 12 ,
2t]

domo-S 12 , %,27

Vel . Vector is 2(Y2 ,
Ye,27 speed = 2



#11 r(t) = <2 cost
,
Saint

,
4t] t=h Palo

rel. r(t) =<-Isint, Scost, 47

acc. r(t) = S-2cost ,
-Isint

,
07

et=1 doOM is (2 ,
0

, 4)
= [rj)-2,0

,47

dom , is <"15,
0

, %57

speed is 255
-

Velvector 25*/5
, Onest

Sin20+1050 = 1

1 + Secotanto

#12 . rit= /Sect , tant ,&= (sect tant) = sect /sect)+ Ssecttant)tant

vel . r'It) = ] Sect tant ,
sect

,
413)

= sect + secttant

acc . r"(t) = <Seit + sect tant
,
Isectitant

, 07

& t=o seco
r ()= (()(),[437

tand=opp
doo . m is = (13 ,

%3,%37
= (3)
Ir))=

speed is I ,= r(0)=2*(13,13,
%37

=2

#14 · r(t) = let ,
[cosst

, Isinst] t= 0

& t=0 r'10) = <-1 , 0
,
67

vol . r'(t) = Yet
, - bsinst

,
bcosst]

(r10)1 = 57
acc. r" It) = (e-t , - 18c0s3t ,

-18 cosbt]
diam is -Yet

,

0
,]

=r (0)=E* /Yest
,
0

, 67] speed is 37



# 15. r(t) = (3t+ 1, t,2) t= 0

rict) = 13 ,
i

,
2t7 V= r'ld = (3,53,07

r" (t) = 10
,

0
, 2) = r" (0) = 70,

0 ,2)

O = cos (T = cost(
= cos"(0 (

->yes

= #12

#16. rit)= /Et , Et-16E , 07 rel "in spacel

r It) = Se-32t,0) = /2
,
%,
07

r" (t) = 30
,

-32
,
07 a= (0,

-32
, 07

S12 .3 po719
0 = cost( =Co
= cos-Y)=

I
x = 450=/4

# 17
. r(t)= (lult1) ,

tan't
,
#] t= o =

~It= SeeT - +2-4th
(tz+1)

2 (E2+ 1)"

~"It=]

= r(0) = 50 ,
1

, 07 ↳a= r" (0) = (2 , 0 ,
17

A = COs (val
O= cos"O=#12

# 18. (t)= <+tim , (1-4,t) t= o

r (t) = (3)+t),- ,
5) eto -= 143,

%
, "137

~
" (t) = [5(1++)+12 , * (l-t)

+1
,
07 a= < %, "3 , 07 lol

O = cos" (cost) = cos(



#19 . r(t)= (sint ,
to-cost

, et) toO

↑ (t) = Scost ,2t+sint ,et)

E= r'Itol = 11
,
0

, 17

Po(0-1 , 1) a ritol

So tangent line is Gu
line through
Po and 16 -- -

z= 1 +t parallel to

# 20 · r(t)= St, 2t-1 , t*) to =2

x = 4+4tr= (2t, 2
,3t)

so line is Sy = 3+ItY = r (to) = <4 ,
2 , 127

Po(4 ,
3

,8) z = 8 + 12t

#21 . r(t)= Clut,E , thut] tool LEA
~ (t) = >E ,2 , but+ 17

(t+2)2

v = r (t)= <1 , %, 17 Clnt)' = 11) Int + to- = Int+ 1

P. 10
,
0

,
0) so line is Set

z = t

#22 r(t)= Scost
, sint,

Sinzt] to=2

~ It) = <- Sint, cost
, 2cosIt] -

E = r'(to)= <- 1
,

0
,
-27 EFo (0 ,

1
,0)

So line isMt



#23(a) rit)= /cost , sint] to

r'It)= )= sint, cost]

Speedis Irlt)) = 1-sinti + cost = 1 V(i) yes

↑"(t) = /-cost,sint]

rilto)or"(to) = 0 For every teto

(ii) yes
blc 1-sint)(-cost) + (cost)<sint =O v

(iii) cow · -.... - .......
L

r 10)= (1 , 03 (iv) yes

#231d) rith = (cost
,
- sintD too

r It) = <-sint , -cost) In It)1 = (sinth +1 cost E1 For all t (i) yes
~" It) = Fost , sint) &ov = r' (t) or"It) = sintcost-costsint = O

(ii) yes
+ (0)= (1 ,0

(ii) su- (π(4) = (20s/4 , -St = Sor:Ye
yes

#23(e) rit)= (cos(ti)
,
Sinit)] to

~ (t) = (2tsin(t) , Itcos(t)) Ir (t)) = 4tSinit + 4t cost = 4t* 1

~" It) =<-[sinit) - 4tcos(t)
,
2cost)- 4tsin(ti)] (8) N

E = rIt)or" (t)= -2 tsint1-2 sint - 4EcosE) + It cost (2cost2 ·4Esint)
--ItsiE+8SinEcost + 4tcost-8cost#0 for somet

r(0) =( 1,0) # Wit No e . g . t
=

o

=

~(t) = Ecos , sinh] = (iz,Yii) (ii) CCW

(iv) yes



#1 r(t) =St , 7,
t+%

6 ritb=(+,7t , *++7)3 .2
-(t0 , 7-0 , E+1)-0 = [t ,

7,)

#2. with= )6-6t
,
3

, ] It' dt: Etil + (

St It = - t" + C

& r(t)dt= bt-3 , 3.3
=(12-12)- 16-3)

,
2 . 58 -2

.
-2 - (-4)7

= 1-3 ,
258-2

, 27

#3 .rith(Sint, Itcost
, sect)

G
= 70, ,2) = 10,E ,2)

#4. r(t) = (Sect tant,
fant

, Isintcost] Stantdt=Sinceheat

gi ritidt = <Sect ,
Inlet ,siniti = Jadu= - In(u)+c

== In/cost)+C

= [2-1 ,
Int , (512)2- 07 = #secti+c

U= sint

du= cost It

= = (1,
0 , 3/47 Jsintcostdt = Judu=n+C

= [Sint +C

seco=h = 2 Sind

seco===



#3 rit) = (E,,t)

Jerit)dt = (en)
, -en15-t1 ,ent)/ Eln(4) = In(4"

= In2
=> (In4-0-0-(-1n4), In4-t0)
= /In 4 ,

In 4
,

An27

#6 r =) Sndt = sin't+C

Jitidt = tan"t + c

& ritidt = (2sin't , tant) 10
sin(#2)= /

= (20 , -07 Sin(0l= 0

= It , 5/47 tan(n(y)= 1

tan (0) = 0

#7. riti=Stee ,
e-t

,
17

J'rit et = (tet-e+71 ! Steidt = &e*+c
Uti

du= It It

= (te-t
, -E-(-1) , 1 - 07

It drie* It

= Sile-1) , 1-2 , 17
dude Viet

Ite'dt : tet-Jetdt = tetret+

#8 .
rit) = Stet , et ,

Int7 -

Jud
Jensotdt

= Ce+-11 ,
e* tent-11]/en

> (en + de = tent-Stxidt = tent

- t+C

U = Int drid

- 3(1m3-1) - 0 ,
3-0 , In 3(In (3)- 1)- (1)(-17

du= Idt v=

= (38n3-3 ,
3-e

, AnbIn(n3) - 1n3 + 1)



#9 rit) = (cost, - sinzt , sint] Sino = Loszo

Grtdt Sintht= St-Ecoshedt
= [sint,cost

, It-[sinit] T =sinzt + C

=-0, -1- [( , -0-10 -01]
-= (1,1,47

#10
. vit= (Sect ,

tant
, toint) /sectdt=Sectsected

girit) de =sectant secttisdt
du= secttant+sectdt

= (n/sect+ fantistant-t , -tcosttsint)Sultantc
Sinotcoso(

=(In(izel)-In(1 +o , (-) - 0 , E+-0 = tanzo + 1 = seco

= (In(+ 1) ,/,(4-m] Stsintdt = -Ecost-f-cost It
urt disintcost Siti

#
Seco = 1

tanO = O

Inl = 0



#11. = [t ,-t ,
-+> r(d=>1 ,

2
,37

f(t) = - t -> fult)= -It+ C
,

n= 1 ,2 ,3

f 10) = 1 = C= 1
, sim falt) =t+ R

,
n= 1 ,2,3

~ (t)= <-Et+*t+2,E+3)

#12
. d = /180t , 180t - 162) r(01= 10, 100)

f (t)= 180t =>> f(t)= 90t+C

since floo -> C=0
,

so f(t)=got

g'(t) = 180t- 16t => gett= 90th-+ C , g(0=100 - c= 100.

r(t) = /90t ,
90t-+ 1007

# 13. = (Ct+1"-et+) +10= (0 ,
0
, 17

r(t) = 3(t+13t -e-+ j + (Int++1)

# 1. (E +Ht)t + +j + IEE vid= i+]

r(t)= (y+++2+1)i +(t +1)J + EEE
# 15

. C=32E rolook andGo = 82 + 85

-
↓

& Cit + ↳j+32t +C3)E C18
,
C=8

, 63= 0
.

r(t) = (8t+c) + (8t+2)j + (2+C3)E
,
D

C3= 100

r() = 8ti + 8 tj + (b+100) E



# Polli2,3) ,
P

. (4 .
1

.4)
,(b)=2

E= (3 ,
-1

,
17 brig
== M

dc ,
has length c.

& Jad=-(t++to
has length 2

S = (3t+ t - (t +mj + (t+i

r(t)= (d =E+t+4)T - (t +++2)j + (tt+t +3)π
~ (0) = (1 ,2 ,37 so

rit) = (EE + it + 1) [ - (E+-2)+ (t+++3)
= (Et+t) (3i -j+m]+ i +2j +32
~ -a z

S*F Poll,2
,
3)

Speed * direction + starting location

# 18 Poll , -1
,2) P1(3,0

,3)

5= 72,
1

, 17 It=
oll=2 d .o .m . Fo (2 ,

1 , 1)

li =T h =25+j +h

= Sdt = (2t+ci + (+G)j +(t+3) and Itroll =2 so

( ,
4 ,4) =2* Ey<2 ,

1
, 17

r(t) = (t+ + +x)i + 12t +Fot+4) + (Et+Ext+<)i
~ (0) = <1,

- 1
,2) = <Go ,

(s]

r(t) = (t+++hi +(++=t- 15++++)-

- (Et+t)<2, 1
,
1)+ (1 -1

,2)
S=IHoll



#rost
Ed = <-2bint

,
2 cost,5) /E 4 sin't + 4cost + 5

= 4(1) +5 =9

↑ =/ sint , E cost,]

= ( 1 dt = jigdt = 3 t =3

#2. r(t= (bsinzt , bcos2t , 5t] OStI

Ed /12cos2t
,

- 12sinzt
,
57 lik = 144(012t+Sinizt)+25 = 169

lvl= 13

↑ = JBot, sinzt, )

=vdt= 13dt = 13t = 13

#3 r(t)= <t ,
0, ) OutS

=d= (1 ,
0

,2) lok = It
,
Is it

↑== [0i U = 14t
du= It

↳ 98 /d = Jotdt = Jud= = =(1++(3m)8
= z(931-(h) = =(27 - 11 = 523



#4. r(t) = (2+t
,

- It+ 1) , +) OutE3

↑E= = (1 ,
-1

, 1) If

↑ = Tis ,
"Yes ,
"is]

L=S litdt = Et = 35

#5 . r(t)= )0 , cost , sint] Oth

& = 10
,3cost(-Sint) ,

3sint (cost]]

If 9 cost sin't + 9 sin"cost = 9 sinitcosit (cost +sint) = 9sitcost

=> IFl=3sintcost

↑ =F = (0 , -cost , sint) Dow !
So much nicer then i !

just by normalizing D !

= /d=Stsintcosdt = 13ndu == Esinit
U=Sint

du= costdt Sin =(1 - 02 = 2

#6. r(t)= <6t
,

-2t3
,
-3t3) 12th2 182 = (9x2)2 = 81x4 =324

&=F = (18th
, -6t2 ,

1972) lik = "1182+ 62 + 9' 324 + 36+ 8)

= 360 +81
=

4414 = 44/

↑=(-) Itl = 2It>

↑
a unit vector! holy moly how'd 18

they come up with these Iot !
62+2+32 = 49 = 72

↳ poldt = (? 21dt = =+3) = 718-1) =7
=

= 49 ⑳!



#7. rit= It cost , toint, 12) OtIt
do F= /cost - +sint , Sint + trost

, Et"27=

lop= (cost-+sint)" + (sint+trost) + It

= cost-stsint+tsin't
↑ F
↓ sinzt+2sintcost+-cost + it

⑳ they're just .... too good.

=+ + It just accept it and try not to

rethink all your life

choicesa

It=th =N=t 0

↑ Scostetsint , sint +cost
,
itin) spoke too soon !

↳ girldt= Itdt=+ +t=+

#8 . rit)= Itsint + cost,cost-sint
,
07 ECt?2

= (s++cost-ef , cost-tsint- , 07 = Stcost,tirt, of

lik : t cost+tsinit = t So lit = t

↑ =F = Cost ,
-sint

,
0)= Sid =Stdt=+ = =(4 -2)

=E* 2 = 1

#9
. Ht) = (5sint, cost, 12t] Find to st . rito) is 26 units &

along the curve from r(o) = (0,510)

that is ,
Find to sit. (=26T, Note =d=Scost,- 5sint,127

26== St1/dt . Note lik= 25+ 144 = 169 = IVER

S L = j 1dt =1t/ = Bto =26 = to =2Hol= (0 , 5 ,24]



# 11
. r(ti= [4cost , 4sint

,
3t7 Oth

=<-usint , Ycost ,37 I= 16 +a = 25

so (8)= 5

S=StI()1 di = 55 5 di = 5tlo

S= 5t

= jIrlde = Ste= Et

#12. r(t)= (cost+sint, Sint-cost,0) its

-st +Stcost , costsint , 0) = It cost , tint , of

= - litt so S=fild =Stdt =Ele
= It-0 - sit) =Eth

Lfd=d-dt = S(t)-S(πz)

-It-I(t)=- : Si
#13 . r(t)= (etcost , etsint ,et)-1n4t0

&=d = /-etsint + etcost
, etcost + etsint , et) = etesintcost

,
sintcost, 1)

I 1 = 1
- -

lip= e2t (sinit-2Sint cost +Cost +Sin't+ 2 cost + cost + 1) = get

lik Bet so S=Stdt =Jed = ret-

↳=Sodt-d
=

-( - B) =3



#1 . rC=<tenkost 1304
-/<t(#12

T= (1
, it*-sint) = (1 , -tant)

Ik: 1 +tart = sect

=> I= sect

S T = (sect,Eart = cost,) = [costs -Sint)

N= = -Sints-cost]i I sinitcost

30 N = (sint , -cost) a
K= 1 = cost

#b

#2 r(t)= (In(sect) , ]-#sth

=dr= Jetsettant , +) = (tant) lik= tant + 1 =sect

Irl = sect
T== /tant t sect) = (int, cost)

N==(cost -sint) = Cost-itAs

#* 1 = cost ((++2)"in)=E (1++2) -3( * It

# 3 . r(t) = (2t+3
, 5-t2) (i)

F= =2 ,-2t) I= 444E = 4 (It) So l=2F ↓

↑== (2 , - It) = [ii]=<1. -+)

N= Next page)



#3 . (cont.)

↑=[i] A NEW ERA

S begins
.

-

- t - I BALL PEN !N=+(e) *
=312 (1++)= (i) = ((h ++2)

+1) = -(1 ++*2t

=
- I

So N = Tns(th) Let'E-l

1 ++2

=
(1 ++2)

+ 12(-(1+ (2) + E+2t]
1 ++2k= T/

I
-1-**

=>ty22)/ =zty=
#4 r(t) = /cost + tint , sint-tcost) tio

F= &=+ + +cost + Sint , cost + 1- t)(-sint) + 1-cost)
= Itcost,sint) so

, lik = cost + Easinit = t2

=> I= t (t>d)
T= = (cost , sint]

N=+kit)-Sint , cost) = S-sint , cost]

K=Esint , cost) = Epsinit-cost = I



# 5 . r(t) = St
, f(t))

(a) v= (1 , filt)) /Fp = 1 +1) so lfel2

T=( ,f=/
1)1 +@t)))+]' =

-

* + 2 f'(t)* f"(t))1 + #'Ct)2)
-

31y

1fitY=If(t)-f*)zffl 31 + (f'(t))2

-

(1+ (F(t)2)f"(t) -f"(t) (f'(t)2

(1 +(fti)
<)3/2 =ite J

dT/AfiLf(4)
Note : In general ,

if

II (ft)) If"(t))2 + If"(t)z T= +F ·
z = zit (A)

i
then2+35

(b) y
= In(coss) -+124x+12 cost

f(t)= In(cos(t))
flt)=c * Kost)= -tant

f"(t) = -sect

K=y==3
k = set = cost same as #1

(C) If filt=0 then K = 0
.

but inflection points have vanishing
second derivative , so clair follows .



#6 rHt = Fitc+ glt)Y , x=fit)y= g(t)
Note :

(9) F=x + yj , lig (
T==Y

=je2+ jz

= ( + jz)i-x(xx + jij)
(j2 + j2)3/

=-_ jij
(2 + j2312 next page

= &

Soby) = x(iji-ji) y(swap the
esa

(j2 +yz)312

i
K==in k=I

(b) r(t) = tu + Insint] Octs esro
v

=1 y = scost = cott

x = t K= go &

y= Insint y
= -cst

k=t
= Sint Sin't +cost = 1

=> sintt

(c) rit)= tan"(sinht) + In(cosht)] => 1 + cot't = cet

x= tan" (sinht) Use the K Formula !

y = In(cosht)
=>



(c) rit)= tan"(sinht) + In(cosht)]

x= tan" (sinht) Use the K Formula
= s cosht = osh = out = (osht)- =>
= -(cosht)- sinht=-inhtant cost't-sinkt=e]
y = In(cosht)

= 1v

i=
- sinht =

tannt) Itanht = (Sh=Sit so sinhit+ 1 = costn'tcosht

↓

ij= cit
=

Cosn't
sinht = Eet

#htta cosht = eZe
cn't (1 + sinhit)

tankt=e
=ik=

#9 r(t) = 3 sint+ 3costy + 4th

T= V = 3 cost - 3sinty + 4t
lvk = 9005t + 9 sin't + 16 = 9+ 16 =25

so lvk= 5

N=
↑ cost -Esinty

↓ sint-cost O

IdTat)=sint+cost = = 3

N =
- Sint-costy + Ot

k= = * z=



#10 rit) = (cost + +sint)4 + (sint-tcost)y + 35

v==-st+ +cost +st)i + (t= (t sin++t))j
+ Ot

-> tcosti + Esinty + O*

Irf= Ecosit+ Esinit = to so Iv= It)

T= = cost + sint] +Oh

= -sinth + costnot 1

so N==sinti +cost] +Oth

k=

#17 y= ar
,

Find K
.

From problem #5

A(x)=31

K=lyk0 but Ro as xa

y= f(x)=ax

Jako y= Zaz
Max value or

Kit Man
!

at 10.


