
Tangent and Normal Vectors • 1. Find the writ tangent vector T and find a set ofparametric equations for the line 
tangent to the space curve at the given point P: 

(a) r(t) = ti+t 2 j+tk, P(O,O,O) 

(b) 2cost i + 2 sint j+ t k, P(2,O,O) 

2.	 Find a tangent line approximation to r(1.OI) for the curve given by the vector­
valued function ret) = (1, lnt, t l12

). 

3.	 Veriry that the space curves intersect at the given values of the parameters. Find 
the angle between the tangent vectors to the curves at the point of intersection: 

r(t) = (t - 2,t 2 ,tl2), t = 4
 

v(s)= (s 14,2s,Vi), s = 8
 

4.	 Find T, N, aT , and aN at the given time t for the plane curve ret): 

1 
(a) r(t)=ti+-j,t=l 

t 

(h) r(t) =e t cost i+ e t sint j, t = K 12 

1 
(c) r(t) = t i+ t 2 j+ "2t2k, t = 1 

5.	 Consider an object moving according to the position function 
r(t)=acos(wt) i asin(wt) j. Find The unit tangent and normal vectors and also find 
the tangent and nonna! components of the acceleration. 

6.	 Suppose the motion ofa particle is modeled by 

r(t) =(K t - SinK t, 1- COSK t) 

Answer the following: 

(a) Showthevectorsv/llvll,allJall fort = 112, 1,3/2 

(b) Find apand aN at t = 112, 1, 3/2 

(c) Detennine whether the speed of\fl~particle is increasing or decreasing 

at each ofthe above t - values. Give reasons for your answers. 
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• 
7. An object is spinning at a constant speed and angular velocity on the end ofa 

string: 

(a)	 If the angular velocity is doubled, how is the centripetal component of 
acceleration changed? 

(b)	 lfthe angular velocity is Wlchanged but the length of the string is 
halved, how is the centripetal component of acceleration changed? 

8.	 *Prove the following holds: 

Ijvx all 
aN = v 

• 

•	 137 
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• ~I • +k ~ r ftO)r (D) -==- f- ) T = r 
i +K 

fry((o) II J 1+ I 

_I L'+ \ v n J1- r-­

'}( =- :t' + At =- 0 + 1-. t 
D lfL 

j =joT A>t =0 +ot -==- 0 

T :=:.- }o +C-e =0 +-/L t: 
IJol- "'- lL ( 4 !elL) ~V.v.ue.4",-t "u+4- 'P" n> "".e.tr ,e -'-61A<l-f,;;--a.. 

IS ~. -:::: 6 } J -==- 0 J :c == t (-or:> <:-c<ao)

'" 
( b) ~ '=. a~t- i + l.s\Y\t j +-f K ) f L2-J 0) D)
 

P I == _ a~-t j., + ~Cn±- j -+- t- ) ~ ~D) -=.. .2j +-K.
 

T -= 1! ~o) =- :U+L ~, + J- K­
II ~ (o)1I lf J..'L t- I '!5 J g 

I"'~ 11~..e.- ~+ P(~oJo) 0 " 

~ == 2. +- O-C -== L 

:.J = 0 +k*: 
i_ r == 0 +-J.- t

VS~ 
Nc+ <:- : 'l1J.". ~ ~ arIA i'"oJY~ fc.­
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.S1<~ll hi) Y ((-Co) ~ T (-t:+ .li) - ;El-&)
6 

A-t 

l<:lh'J -to =- I thcJ llt -=,01) we- k" v-L • 
~ (1 +-, 0 ~?;: r /(f) (, 0 l) + "f (t ) 

(l) ~ 1) t0 I) + (I) 0) I) =- (I, 0 I) ,0 I) 1. 0 (> 9 
~'(l() ~ ( 2) 1&) 2) -:::- v(~)
 

h£):=- llJ ~t) 'i1) -=- (I)15) Y2.) fvv t =~
 

V'vIi = (--4) 2} {A:'-(3) (-to 2 iJ +.- F~ <jl 

~ ~I 

Y-' ' V =- -It -I- 1& -I- i~ = JI+I,.Y+ 1ft.( v-h + Lj +I~li Cr_ & ...

~ (9 /"I..-- / ... 0 140 
-.J /'-', 1­ • 
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@ 
({/. .2:- \

) t-~) 

• 

-3:'J ~ I 
N' == T rf/rL Yfi)

liT/II \{ I 

~ . i. --L) -=-- - VL 
I'lT=:et./ = (0)2-)' ({i.J VL-.
 

Ot-rJ -= -;. N = (OJ L) • ( tu td = r-L
 
._...._-_._------..-----~~-~_ .._---~----_ .._.... -----. __.... -_._._.__._------~_. --_... -­

(b) -r = (e:t C~t--l e_t- 5·.~t) J t ~ 1f71­

~ / -=- L t ( ~t -5\ >'\1: J ~+ +S\"'t- )
 

tt' -:=. ~ ,{ =- {e.-~ (-Sh.,t) C~t)
 .. 
Ii· I 

( 0 \Ie f( ~) 
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• 
-SJ I 

"iP = T -= -=..!... (5 1~-t: t Ctr.l.-t- S' W,J - f;, -;1-) :::. \rJ- ( l) 1)
HT /IJ tfL ) v L 

OLT -= If ·i = (- L e "/~ 0 ). ~ (-0/) ==- VL<-
tIL 

il/e 
{{II -=Zl'. N> - (- ~ €.-'I~ D) • ~ ni) =- JL z
 
c)--~ .... (t)f~-)t;"/~) )1 i·· (l>,f)t) ) ~(~ 1= (/) J, I)


( 
~/I ~I (I I -= (t J 1., I) _ I (J 'L I) r =-(0) ~ \) -=- CL ...~ 

- r& ,I I 

Vlt'i+ I • 

T (= (?-t+i') ~/'L (-5+:) "I I) 

-f1(1) = &"!L(-5rJ-,l) 

~ (-S, 1-,0 
ffi
 

Cly -= ;t,T ~ (PIA/~. U) 2,1) _
 

V& 
~ ~ 

Or, N -=- fl ~ N = (0i 2-/ t) . ( - ~ 2.) I) 
{thb 
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0J r -= (4AnfNt ) L1:.5i~wt,) 
• F I = tN"'5,~"A:: I 0,<.) Cn-wt) = tAiJ (-<; ... lvt-J C4wt..) 

(f :::: r- II -=- - &\ L,}-( Cn-W t) S' 1~ !'vt ) 

T -== C5'f\~tJ ~~vt)
 

T (=- - w( ~;Jt ) CS,rl1 W-tl
 
) 

(I T II( [if' 
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[;e	' 
1!© ~ (t) = 0r f- - 5'; ","Tl-t) \ - Co s re-t ) 

• (Ql \i = y I=-( 1( -T141$lft )1f5,oll-f:) ) 

a(/l 
.~ 

-- (0- -I)-)) etr~/f\~
 
d~tI)lI
 I{ ~~/,jll• 

'L­

(b) 0l -=- Zl· =r =- (it ~ 0) . C'L!) = It IlL ",-,he" t =-I/'L
\	 . Vi 

D...-rJ =JHaJt'L- ~ = JI't.F~o)I~'L-~{ =j1\'{-~ 

==. n 'LIf[ 
W~1'\ t. ~ 'll. 

_1.­
-=... Ii 
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S /ttl -= Y'-<;" :"'"t­
{ l-J-Lh-1lt' • 

so; ~v t- = l/'L J S (If:: I '> 0 -J> 1-1"" eA ''''{~ 

~ t =-!: ·s /C-e) -=- 0 MAtt ~~j ("(C\C~-eJ 

146 • 
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~ f_ 'L/" 'l_.!_)tl = \UivJ ~wt) -tHv 5""",W"tj 

tt -=«, I~ = ~ w~Vl'\ ~t +- t{1,l-S,"'I"oJ1:-CrJ.. wi =- 0 
T 

a.... 

hz,1M OLN 
L 

:= ttw } 
) I
W~ "'1~ 

' 1'.
"f s+n'd- IS 

+h.ell\ Ct lJ ~"~ l'\?llr~d 1 

(f) Ilv X 4'11 II VI(~tt II S'~ e­__---- --= U~(lS'~e- == 4..N 
It \? 11 

11 tit! 
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