20.

21.

3]
}\.J

23,
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r(t) = Gin Qi+ (F —cos)j-+ek = v(t) = (cos )i+ Rt+sinj+ek; o =0 = v(g)=i+kand
r(tg) = Py = (0,—1,1) = x=0+t=1y = —1,and z = | + t are parametric equations of the tangent line

r(t) = (2sin Di+ (2 cost)j+ Stk = v(t) = (2 cos i — (2 sin O + 5k; y = 47 = ¥(tg) = 2i + Sk and
o(tg) = Py = (0,2,207) = x =0+ 2t =2ty = 2, and z = 207 + 5t are parametric equations of the tangent line

r(t) = (asin )i+ (acost) j+ btk = v(t) = (acos )i — (asin0)j +bk; tg = 2 = v(ip) = ai + bk and
r{tp) = Py = (0,a,2b%) = x=0+at=at, y = a, and z = 27xb 4 bt are parametric equations of the tangent line

r(t} = (cos t}i 4 (sin t}j + (sin 20k = v(t) = (—sin )i 4 (cos )j + 2 cos 20k ; g = § = v(ty) = —i—2kand

rig) =Py = (,1,0) & x=0—1t=—(y = |, and z = 0 — 2t = —2t are parametric equations of the tangent line

(8) v(t) = —(sin t)i + (cos 1)j = a(t) = —(cos )i — (sin 1)j;
o |y = \/(—sin 12+ {cos )2 = | = constant speed;
(ii) v-a=(sint)(cost} — {cos t)(sin ) =D = yes, orthogonal;
(iii} counterclockwise movement;
(iv) yes, r(0)=i+0j
(b) v(1} = —(2 sin 2t)i + (2 cos 20)j = a(t) = —{4 cos 20)i — (4 sin 21)j;
@ |v|= V4sin22t+4cos?2t =2 = constant speed;' =
(ii) v-a=28sin2tcos2i— 8cos2tsin2t=0 = yes, orthogonal;
(iii) counterclockwise movement;
(iv) vyes, r(0)=1+0j
(€ v()=—sin(t—Z}i+cos(t—%)j = a(t) = —cos{t—F)i~sin (t—3)§:

D |v)] = \/sin2 (t—Z) +cos? (t— &) =1 = constant speed;
(i) v:a=sin(t—Z)cos(t—%) —cos(i— ) sin (t—2}) =0 = yes, orthogonal;
(iii) counterclockwise movement; '
(iv) no, r(0) = 0i — j instead of i + Of
(d) v(t) = —(sin )i — (cost)j = a(t) = —(cos i+ (Ein1)j;
L |v) = \/ {—sin )2 + (—cos )2 = 1 = constant speed;
(il) v -a=(sin t)(cos t) — (cos )(sin t) =0 = yes, orthogonai;
(iii) clockwise movement;
(iv) yes, r(@=i—0j
(e) v(t) = —(2tsin )i + (2tcos )j = a(t) = —(2sin t -+ 2tcos )i + (2 cos t — 2t sin t)j;
(i |v|= \ﬁ—(Zt sin ) )* 4 (2t cos 2 = /42 (sin? t + cos? ) = 2[t| = 24,1 >0
= variable speed;
(i) v-a=4(tsint+*sintcost) +4(tcos®t — > costsint) = 4t # 0 in general
= not orthogonal in general;

(iii) counterclockwise movement;
(iv) wyes, r(0)=1i+0j

. Let p = 2i + 2j + k denote the position vector of the point (2, 2, 1} and let, u = —j; i— Vl;j and v = -\’73- i+ 71;j -+ 715 k.

Then r(t) = p + (cos tu + (sin t}v. Note that (2,2, 1) is a point on the plane and a = i + j — 2k is normal to
the plane. Moreaver, u and v are orthogonal unit vectors withun-n = v-n =0 = uand v are parallel to the
plane. Therefore, r(t) identifies a point that lies in the plane for each t. Also, for each t, (cos Hu + (sin v

is a unit vector. Starting at the point {2 4+ =, 2 — 2_ 1] the vector r(t) traces out a circle of radius | and
S v V2

center (2,2, 1}inthe plane x +y — 22 =12,
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31. {a) (Assuming that

32.

[L I 1}

x" is zero at the point of impact:)
r(t) = (x(1))i + (y{t))j; where x(t) = (35 cos 27°)t and y(t) = 4 + (35 5in 27° )L — 162

(b) Yemax = “’"’;‘;“" +4 = BERITL 14~ 7.945 feet, which is reached att = Wine — 352" + 0,497 seconds,

(c) For the time, solve y = 4 + (35 sin 27°)t — 16t = 0 for (, using the quadratic formula
q

= 2Ty (_:,_15 Y+ 1.201 sec. Then the range is about x(1.201) = (35 cos 27°)(1.201)
/2 37,453 feet,
(d) For the time, solve y = 4 + (35 sin 27°)t — 16t* = 7 for t, using the guadratic formula
t= Ben 2y (_335 sin 27°) — 192 = (1.234 and 0.740 seconds. At those times the ball is about
x(0.254) = (35 cos 27°)(0.254) ~ 7.921 feet and x{0.740) = (35 cos 27°)(0.740) = 23.077 feet the impact point,

or about 37.453 — 7.921 = 29.532 feet and 37.453 — 23.077 ~ 14.376 feet from the landing spot.
(e) Yes. It changes things because the ball won't clear the net (Yu /= 7.945).

X = Xg + (vg cos a)t = 0 + (vp cos 40°)t = 0.766 vot and y = yo + (v sin @)t — £ 2% = 6.5 + (vy sin 40°) — 162
~ 6.5 + 0.643 vyt — 16t*; now the shot went 73.833 ft = 73.833 = 0.766vgl = t~ % sec; the shot lands

2 p
wheny =0 = 0= 65+ (0.643)(96.383) — 16 (%f‘) = 0m 68474 — 08 = yy m /L300

= 46.6 fi/sec, the shot's initial speed

11.3 ARC LENGTH IN SPACE

r = (2 cos )i + (2 sin 0 + /5tk = v = (=2 sin i + (2 cos t)j + /3k

= |vf='\/(——25in[)2+(2cost)2+(\/—) \/451n t+4cos?t+5=3T=Y% T

= (—%sint)i-ﬁ-(%cost)j«i-laékandLength:Lﬂ [v| dt=f"“3dt= [3t]g = 3=

r = (6sin 20)i + (6 cos 2t)j + Stk = v = (12 cos 20)i + (—12 sin 20j + 5k
= |v] = \/(1'7c052t) +(~125in 20)% + 52 = /144 cos? 2t + 144 sin? 2t 4 25 = 13; T——

= ({5 cos 2t)1— (13 sin 2t) j+ 5 k and Length = f |v| dt = f 13dt = [13t]5 = 137

r=ti+ “tﬂ/ql{ = V_l‘z‘tl/qk = |V| 1/ 1 t]/q =+/1-t; T—— 71—+ll'§'7'['+—k
andLengm:fu\/l%—tdt:[§(1+[)3/2] =%

P=QH0i= @ Djt ik > v=imjtk = =/ PHEPE P =yE T g = di- i+ dk
3 3
and Length = [ /3 dt= [\/51] =3v3

r=(cos*t)j+ (sinft)k = v=(—3cos’tsint)j+(3sintcost)k = |v]

= \/(—3 cos? t sin t)* ++ (3 sin? ¢t cos 1)* = v/ (9 cos® tsin?t) (cos? t + sin?t) = 3 |cos tsint];

— 3 sin? . . . .
T=g= 13“';"55[ ;fn“:".] + 315;35:5::15& k=(—cost)j + (sin)k,iff0<t< I, and

/2 " . "l 3 T2 _ 3
Length=j; 3|coslsmt|dt=f“ 3CDS[S]HI.dI.=J:l ‘55m2£dt——-[——cos?.t] =3

r=60%—20% — 3%k = v=18% - 6% — 9°k = |v|= \/(1&9)2 4+ (—612)2 + (—92)% = /a4 = 2162,

U’\

. 186+
T==1i-

Ci— 2 k=8i—2j— 2kandLength = [ 212 di = [7%) = 49

1

1\-3
[
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r = (t cos i + (t sin 0)j + % %2k = v = (cost —tsint}i+ (sint+ tcosj+ (\/Et”a) k

2
= |v| = \/(cost—tsint)2+(sint+tcost)‘—’+ (\/EL) =1+ +2t=/(t+ 12 =ft+1|=t+1Lift>0
T == () i+ () j+ (3/—_-—-“1‘;”) k and Length = fuﬂ(t +1Ddt= [‘3 + [] n =T 47
r={(tsint+cost)di+{tcost—sint)j = v=(sint+tcost—sint)i+4 (cost-—tsint— cost)j
= (tcos)i— (tsint)j = |v| =+ /(teos)? +(~tsint)? = VE=||=tifv/2<t< 2 T= o
1 .12
= (et} — (L) § = (cos i — (sin t)j and Length = fﬁt dt = [‘5] i !
Let P{ty) denote the point. Then v = (5 cos £)i — (5 sin ) + 12k and 267 = j::' /25 cos?t 4 25 sin® t + 144 dt
= :"13 dt=13lg = ty = 2, and the point is P(2m) = (5 sin 2, 5 cos 2, 24m) = (0, 5, 247)
Let P{ty) denote the point. Then v = (12 cos t)i + (12 sin t)j + Sk and
~13r = ["\/144cos 1+ 14asin? 1+ 25 dt = [ 13dt= 13ty = tg = ~, and the point is
P(—m) = (12 sin (—w), —12 cos (—wn), —57) = (0, 12, =57)
. r=(4cos i+ (4sint)j + 3tk = v=(—4sinoi+ @cost)j+ 3k = |v| = 1/(—4sin )2 + (4 cos 1)? +3°
—V25=5=s)=[5dr=5 = Lenglh =5 (%) = &
r=(cost+tsinti+ (sint—tecost)j = v={(—sint-sint+tcost)i+ (cost— cost-+tsint)j
= (tcos i+ (tsin0)j = |[vl =+/(tcost): + (tcost)? = = \/t_2= tsince f <t<w = s(i)= J:Td'rz ‘5'
= Length =s(m) —s (%) = .’ijl... _al; = .?zg"..
r={e'cost}i+ (e'sint)j+ek = v={e'cost—e'sint)i+ (e'sint+e' cost}j+e'k
= |v| = \/(e[ cost— et sint)* + (et sin t+ et cos )’ + () = = /3e* = V3e = s = f“‘ﬁer dr
. —Ind _ 3/3
= /3! — /3 = Length =5s(0) — s(~ In4) = 0 — (ﬁe l“—\/i) = 33
3

r=(14+20i+14+30] +-@E~60)k = v=2i+3j—6k = |v|=+/22+32+(-6P2=7 = s = fu’!d'r=7t
= Length=5s(0) ~s(-1)=0—-{(-7}=7

2 2
r= (\/it) i+ (\/Et)j F(I -2k = v= 2+ 2 -2k = [v| = \/(\/5) + (\/E) (=202 = /4 1A

=2/T+E = Length = [ 2 I+L2dtz[2(§\/l+[2+%ln(t+ 1+:2))];=\/§+1n(1+\/§)
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4. r=/{cost-+tsin t)i+(sint—tcos 0j = v={(tcos )i+ (tsin t)j = |v|=+/(tcos ¥ + (Lsin )2 = Ve =1

=t sincet >0 = T= I L"—Ui“‘-:'m {cos t)i - (sin t}j ; — = (— sin 1i + (cos 1)j

= ¥ = /(—sint) +(cos)® =1 = N= —g—ﬁi%-"( sin i + (cht)j;fa=ﬁ-I% =1l.1=1
5 (a) w(x)= |dT(")

= Now, v =i+ P(x)j = v = 1+ [M0)F = T=

'“U?- i it . W
= (141 ]) r(x )(1+IFF) i Thus §(x) = o000 4 o0

(+ewPY" (0 +[f'(x)13)“’EJ
[ —rf(x)f"(x)mr + 1(x) : _ [IrwP(4IPeF) e
(1+ [ra(x)]—) (1+[ f,(x)_]:)m (1 N [f,(x)]z)ﬁ l' +{f-;(x)]z|

SR i 3] I 1E"(x)
Thus £{x) = (I+§f'(x)] BLARRTEN T (, + f,(x}]z)m

dT{x) | __
dt

~|

M) y=In(cosx) = L= (L) (-sinx)=—tanx = HI! = —sec’x = K= ; +|(__5;::)|._.]m = iiiﬁh
=L =cosx,since—§ <x<§ %
(c) Note that (x) = 0 at an inflection point.
6. (a) r=fi+gj=xi+yi = v=x+¥y = v|=/¥+7¥ =T=q \/X_Ly_ -i-\/x_
dr _ JOR-89), | MEY- yx g \/[ﬂyx»x?)]?JF[x(w-—yx}]—z POE 29T
d T oe ™ R (x2+3)" 4" K+
= IEeRYL L IdT R B2 5.3 3 | N 1.3 e 7.1
|%*+¥ 7 M Very  FEEEL T @)™
() )= ti+In(sint)j,0<t<w = x=tandy=1In(sint) = i =1,X=0 y——[ cott, ¥ = —esc?t 4
S el e N - QTN |

(1 +eatty)? — escht

(c) r(t) = tan~! (sinh )i +in(cosh £)j = x =1an~! (sinh ) and y = In(cosh ) = % = %:,‘,E—L =1

" 2
=sechl, % = —sech t tanh ; § = SML = tanh t, § = sech? t = 5 = BT LS LONT] _ tooop 4] = sech

cosh i {sech”t - tank* 1}

7. (a) r(t)=f(i+g)j = v=F(1)i+g'(v)jis tangent to the curve at the point (f(1), g(1));
n-v=[— g+ i - [P0+ gOF = —gOF O+ FEOFD =0; —n-v=—(n-v) = 0; thu,
n and —n are both normal to the curve at the point
) D) =ti+e% = v=i+2e*j = n= -2+ points toward the concave side of the curve; N = ; I and

— /et — =X
nf = vdet +1 = N=7==mis+ \/1+4g=.4lJ
) r{) =4 —Li+tj = v=—"=i+j = n=—i— ——jpoints toward the concave side of the curve;
V- N/

N = & and [n] = JHT%:?& = Nz_%(,r,giﬂj)

8. (@ r=ti+3t% = v=i+ t2j = n = t%i — j points toward the concave side of the curve when t < 0 and

—n = —t%i + j points toward the concave side whent > 0 = N=7—-11+ . (t*i — j) for t < O and
N N PO
N_Vl_-*-_r'( t!—}—])fort>0
—_ . R T ? . . dT —af . A+ A
o o = VT = T= i+ i = § = 52 el = 141 A2

| I L) 1+ﬁ( 2t ) o )
= rees N= i = o ) = e e 7’5 0
N does not exist at t = 0, where the curve has a point of inflection; &5 [‘ _y = 050 the curvature k = |‘-“'—T-

= .4 —gat=0 = N =1 9T js undefined. Sincex =tandy =3t = y = 1x%, the curve is the

cubic power curve which is concave down forx =t < 0 and concave up forx =1 > 0.
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9, r=@3sini+ 3 cos)j+4tk = v=(3costi+(—3sint)j+dk = |v|= /(B cost)’ +(—Isini)? +4?
=v25=5=T=g=3cost)i—(Fsint)j+ 3k = L =(—isint)i~ (cost)j

= | —-\/(——smt) +(—%cost)2:% = N= (l—“i%--(—smt)lu(cost)_],ra——c%=-_,j3—

10, r=(cost+tsintli+(sint—tcost)j+ 3k = v=(tcos)i+ (tsin)j = |v]= \/(t cos )2 + (tsin 1) = /12

={tj=1ift>0 = T=ﬁ=(cost)i—(sint)j,t>0 = %=(—Sint}i+(cosl)j

= |9F| = /(—sin )? + (cos 1)? I-—4»Nzﬁﬁl=(—sint)i+(cost)j;ri=%-]=

-

il r=(e'cost)i+(e'sint)j+2k = v=(e'cost—e'sint)i+(e'sint+e' cost)j =
|VI=\/(e‘ cost — et sint)’ + (e' sin t -+ et cos £} = v/ 2e3l=e‘\/5;
T = |:_l — (%ﬂ) i+ (%ﬂ)‘i = % — (—sinl—q—-cos[) i+ (cnst—;in:)j
i 4T _ e 2 ¢ ey L . '_‘+‘ .
= |8] = /() +(%~m) =1 = N=1 - (=omptnr) 14 (zsnsamt) .

eome L 1AL . 1
r=wlal=am =05
12. r={6sin20i+ (6 cos 20)j + 5tk = v=(12cos 2t}i — (12 sin 20)j +- 5k = |v|= \/(17 cos 2t)¥ 4+ (=12 sin 20)2 + 52
169=13 = T= = = (Zcos2t)i— (Zsin2t)j+ Sk = L =(—Hsin2t)i— (FFcos2t)

= ]% = \/(—%sin?.t)g-l—(—%cosﬂ)z:% = Nzﬁ%:(—-sin?.t)i'—(cosm)j;
2

i = L (4T 1L 24 .
F=v =6 1B~
13, r =(‘§) (‘5) >0 = v=Citg = v =i+ 2=0/0+ Lsince1>0 = T=1%
T 1) LY
T_ 3 & (t—+l)“f" T )“""] = lal= '\[((l‘l-i-l)“"“) ¥ ((1‘—‘+|)”"")
- [iaf _ 1 {41 o L1
R AT = N= _nl‘_ \71_4-— mj'h’_ | t t1+ [ Y e

14, r=(cos )i+ (sin?0)j,0<t < T = v=(-3cos’tsint)i-+ (3 sin®tcost)]

; = |V|=\/(—3cosgtsint)2+(’%sm—tcost = /9 costsin?t+9sinltcos®t=3costsint, since0 <t < §

= T_—m( cos i+ (sint)j = %f- {sin tH + (cos t)j = | |—\/sin'-’t+cnsgtzl = N=€—E|l
di

ldT — L]l = 1
3cuslsmt T 3costsing”

= (sin ti + {(cos )j; & = —

15 r=ti+ (acoshi)j,a>0 = v=i+ (sichi}j = iv|=\/l+sinh2(i) = \ﬁ:oshz(ﬁ) = cosh ¢

= T= % = (sech 1}i+ (tanh £)j = o = (— ! sech ! tanh L} i ( sech? 1} j
| T| = /% sech? (1) tanh? (1) + & sech? (&) = Lsech (1) = ) = (~tanh )i+ {sech })J;
dT: 1 %sech()—-sech'()

i cash £

16. r = (cosh t)i — (sinh ) + tk = v = (sinh Di — (cosh )j + k = |v| = y/sinh?t + (—cosh)* + 1 = ﬁcnsh t

= T=T=(7-tanht)l—7—1+ (Tsecht) k = %: (Tsechgt)i—(vi-sechttanht)k
= | |-- \/ sech*t + & 3 sech? ttanh? t = Tsecht = N= |f = (sech )i — (tanh 0k ;
=L_|d'!‘ _ 1 1

Sl= . secht = 1 sech?r,
t Vacosht /32 2 § h
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5. r=ti+ (+10)j+ (-1 k = v=i+(1+2)j+(1 -k = iv|=\/(21)9-1-(1-a-L2)2+(1—12)2
: = /2B 22+ ) =/2(1+8) = ar=20/2 = a0)=0;a=2i-+2f—2tk = a0)=2i = |a0)] =2
= ay=+/|af —al =2 02 =2 = a(0) = (O)T + 2N = 2N

6. r=(e'cost}i+ (e sin j+/2e'k = v= (' cost—e sint)i+ (¢ sint+e' cos 0)j+ v2e'k
= |v| = \/(e‘cost—e‘ sml) + {et sin t+ ef cos t)° (\/_el) = +/de? =2¢! = ap =2e' = ap(0) =2;
! a:(e‘cost—e‘sint—e‘sint—e‘cost)i+(e‘sint—i—e‘cost-l—e‘cost—e‘sinl)j—i-\/ie‘lc

= (—2e'sint) i+ (2e' cos 0§+ +/2e'k = a(0)=2j+\/§k = |a(0)] = /22 + (\/5)2 = \/6
= aNz1/|a|2—a%=1/(\/E)2-22=\/§ => n(0)=2T—;—\/§N

7. r={costi+@int)j—k = v=(—sint)i+(cost)j = |v|= \/(—~ sint)*+(cost)2’=1 = T= TV"I

—cost —sint 0

: =(—sin i+ (cost)j = T(Z)=— ‘/—1%-‘/_], T =(—cost)i—(sint)j = l |-— (—cos )2 +(--:.1r|l)-
i J k

: =1= N = iy } (—cos )i — (sint)j = N(F) =~ %i—%j;B:TxN: —sint cost O|=k
:.;

= B (3) = k, the normal to the osculating plane; r () = %i%- -2‘/§j —k = P= (é, %—2-, —1) lies on the

osculating plane = 0 (x - -@) + 0 (y - %) +z—(-1N=0=z=-1 }s the osculating plane; T is normal
to the normal plane = (— %) (x— %) + (‘/_) (y— ‘/T—) +0z—(-1)=0 = —ix—i— > y=0

= wx 4y = 0is the normal plane; N is normal to the rectifying piane

= (_3@) (x—g)-:-(u‘/_) (y—£)+0(z—( N=0= —ix-——yz-—l = x+y=+2isthe

rectifying plane

8, r=(costi-+(sinj+tk = v=(—sini+ (cost)j+k = |v| =+/sin®t+cos?t+ =ﬁ = T:"VI—§

dT 1

=(—§Esint)i+(71§cost)j—:- Lk = Ez(—v;cost)i—z-(—&;sint)j = |4
: =./icos?t+Lsin?t=-" = N () — = (—cos Di— (sin)j; thus T(0) = 2= j + —=kand N(O) =
’ = - ﬁ I.| 7- 7-

i)
= BO)=| 0 %
-1

I
l=]E|a

e

— 7‘; i+ 71; k, the normal to the osculating plane; r(0) =i = P(1,0,0) lies on

oY~ =

the osculating plane = 0(x — 1) — 7]; y—0+ 7‘;,- (z—0)=0 = y—z=0is the osculating plane; T is normal

e o e e o

to the normal plane = 0(x — 1) + 71- (y -0+ 7‘- (z—0)=0 = y-z=10is the normal plane; N is normal to
the rectifying plane = —1(x — 1)+ 0(y —0)+0(z — 0) =0 = x = I is the reciifying plane

9. By Exercise 9 in Section 11.4, T= ($ cost) i+ (=2sint)j+ %k and N=(—sint)i— (cos)jsothat B=Tx N

; i ik
=|dcost —3sint % = ($cost)i— ($sint)j— k. Alsov = (3 cos i + {3 sin ()j + 4k
, —sint  —cost 0

i i k

=a=(—3sinpi+{—3cost)j = 9 — (—3JcosDi+(3sint)jand vxa=|3cost —3sint 4
du X

; —3sint —3cost O

= (12 cos i — (12 sin B — 9k = |v x a]® = (12 cos ) + (—12 sin t)* + (—9)" = 225. Thus




P —
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14. By Exercise 14 in Section 13.4, T = (— cos 0)i + (sin t)j and N = (sin i + (cos ysothat B=T x N
i i k
=|—cost sint 0= —k.Also, v=(—3cos’tsint)i+ (3sin’tcost)j
sint cost O

—a=4(-3cos?tsint)i+ I(3sinttcost)j=> 9 = S(d(_3cos’tsint)) i+ $(F(3sin’tcost))
d| dt dt dr \dt de \dt

—3 cos®tsint 3sin’tcost 0
=| &(- 3CDS‘tSlnt) d(%sm-tcost) 0{=0=7=0
8(4(-3cos’tsin()) S(§(3sin’tcos)) O

15. By Exercise 15 in Section 11.4, T = 27 = (sech £) i+ (tanh 1) jand N = (—tanh }) i+ (sech ;) jsothatB=T x N
i i Kk

=| sech () tamh({) Of=k Also, v=i+ (sinh!)j=>a=(;cosh? )J=> g8 — 1 sinh (%) jsothat
—tanh (1) sech (i) O

1 sinh(t) 0

0 lcosh(f) 0|=0=7=0

0 Lsioh(l) 0

16. By Exercise 16 in Section 11.4, T = ( = tanht}i— —=j+ ( = sech t) kand N = (sech 0)i - (tanh Dk so that
V2 V2 Vi

i i) k
B=TxN=|Jgtanht = —osecht| = (71- tanh t) i+ dpj+ (71- sech t) k. Also, v = (sinh 0)i — (cosh Dj + k
sech t 0 — tanh t

i j k
a = (cosh Ui — (sinh ) = & = (sinht)i— (cosh)jand v x a = |sinht —cosht |
cosht —sinht O

= (sinh 1)i + (cosh )j + (cosh?t — sinh®t)k = (sinh t}i + (cosh t})j + k = |v x a{2 = sinh?1 + cosh®t + 1. Thus

sinh1  —cosht |
cosht —sinkit 0
sipht —coshe O] ~1 |

sih*t+cosht t+1  — sisht i+ cosh? -1~ Zeosh®L”

17. Yes. If the car is moving along a curved path, then & 7% Oand ay = & W£0 = a=a,T+aN#0

18. |v| constant = a; = d% [v] =0 = a = oyNisorthogonal 1o T = the acceleration is normal o the path

19.aly=alT= a,=0= &|v/=0 = |v|isconstant

20, aft) = a;T + ayN, where a; = % lv] = % (10)=0anday ==& |v|2 = 100k = a =0T+ 100sxN. Now, from

ise 5 ; v = f(x) = x2 SO 1345, - 2 — 2 .
Exercise 3(2) Section 11.4, we find for y = f{x) = x* that ks = TP G et L e also,

r(t) = ti + t%j is the position vector of the moving mass = v =i+2tj = [v|=+/1+4¢
= T= -l (i+26). AL(0,0) T) =i N©) =jand 5(0) =2 = F = ma = m(1005)N = 200m j;

= F=ma

l_::ll..l

ac(v2,2): T(v2) =4 (i+2v2) =1+ 22N (2) =-2LitLjand i (V2) =

= m(1005)N = (32 )(—l‘aﬁiq—%j)-_—- 400\/“11“_1__80101_”




