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dE 1 d d,
2 g T ) e )
d, o d _
)= v-v)=20-v)
d, 4 1 dr 1 dr 1 .
E(r )= Tag T (7’%> = —r—3(r -v) (using 13.2.3)
dE mp B or _ pr _
E—m(a-v)—i—r—g(r-v)—(a-mv)—l—(T—B-mv)-(a—I—rS) mv =0
2 2 2 2
3. <C(lj_f> +(d_?;> = l:%(rcos 9):| —&-[%(rsin 9):|
= |r(—si H)d—e—i-ﬁ 92+ Gd—e—FﬁsinGz
= |r(=sin 8)— + - cos reos § - + —

doN?  [dr\? doN?  [dr\?
=72 Sin20<%> +<d—:> cos? 0 + 12 coszt?(E) +<d—:;> sin? 0
<dr>2+ 2<d9>2
= _— T —_—
dt dt

4. Using 7*:%9 and 0= -L

mr2

we have

mp 1 .2 242 1 dr 2'2 2,2
E+T:§m(r +r0°) == || = | °+r0

2 |\ do
B O R S S el DY S I W AT S |
2 do) m2rt " m2r2|  2m |rt \ do 72

L2 (1 1 (dr\?| mp
E: —_— | — J— — S
2m lrQ T (d(‘)) ] r

and therefore

5. Substitute

2 2 . 2
a dr —a ) (aesin 0)
T= o — | =|7———Fm (—esinb)| = ———"—
1+ecos @ de (14 ecos 0)? (1+ecos 0)
into the right side of the equation and you will see that, with a and e? as given, the expression reduces
to F.

REVIEW EXERCISES
1. f/(t) =6ti— 15t%], £7(t) = 61— 30t

2 -2t
(1+e)2?

2. f'(t) =2e*i+ Js £7(t) = 4e* i+

1+¢2

3. f'(t) = (e'cost —e'sint)i+ 2sin2tj, £"(t) = —2e'sinti+ 4cos2tj
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4. f'(t) = coshti— (2t —t*)e " j+ sinhtk, £”(t) = sinhti+ (t> — 4t + 2)e " j+ coshtk

2 2
1 2
5. /[2ti+(t2—1)j] dt:[t2i+<—t3—t>j] =4i+2j
0 3 0 3
T . . 1 . sy 23/2 " 23/2
6. [sin2ti+ 2costj+ Vtk|dt = 7§COS2t1+QSIHtJ+§t k =37 k
0 0
7 8.

Yy

y
‘ 50 100 150 200~
12
-10 ' 1 2 3
9. 10.

11. (a) r(t) =2cos <t+ g) i+ 4sin (t + g) j (b) r(t) = —2cos2ti+ 4sin2tj

12. direction vector: d =(2,4,6); r(t)=(1+2t)i+(1+4t)j+(-2+6t)k, 0<t<1

13. f(t) =131+ (e +1)j+ (2t +1)3’k + C.
f(0)=i-3j+3k=C=i-1j+5k f(t)=(G+1)i+ (3 +t-1)j+ (3(2t+1)*2+ )k

14. f'(t) = —f(t) = f(t) =fpe’

f(0)=i+2k=fy=i+2k andso f(t)=e'i+2e 'k
15. f'(t) = (6i+12t3j) + (8ti—12k) = (6 + 8t)i+ 123 j — 12k

16. Note: f is not a vector function. f(t) =e' +1= f'(t) =€
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. 1Y . . 2 .
£(t) = (t*+2t3)i- <2t2 + t_2) j+ =tk f(t) = (2t +6t2)i— (4t - t_3) j+ @t -1k
Note: f is not a vector function.  f(t) = t>cos t + t*sin ¢ + 3t cos t = (+* + 3t) cos t + t*sin ¢
f'(t) = —(t3 + 3t)sin t + (3t2 + 3) cos t + 2tsin t + t? cos t = (4¢% + 3) cost — (¢3 +t)sint
r'(t) = 2r(t) = r(t) = roe*
r(0)=(1,2,1) = ro=(1,2,1) and r(t) = (e*,2e* e?)

F(t)=e*i+e ], F'(t)=2e"i—-2¢"], F'(t)=4e*i+4e
Since F"(t) =4F(t) for all ¢, F and F” are parallel.
F and F’ will have the same direction for some value of t iff there is a number k£ > 0 such that

e2'i+e 2 j=k(2e®i— 2e2j). No such value of k exists.

The tip of r(¢t) is P(1,1,1) when t=0.
r(t)=2t+2)i+3j+ (B2 + 1)k, r(0)=2i+3j+k

Scalar parametric equations for the tangent line are: z=14+2t, y=1+4+3t, z=1+1¢.

r(n/3) = (V3/2,-1/2,7/3)
r'(t) = (2cos2t,—2sin2t,1); r'(7/3) = (—1,—V3,1)

Scalar parametric equations for the tangent line are: = =

vl

—t, y=-1-V3t, z=IZ+t

ri(t)=(2,1,1) at t=1; ro(u)=1(2,1,1) at uw= —1. Therefore the curves intersect at the point
(2,1,1).
ri(t)=2i+2tj+k, ri(1)=2i+2j+k; ro(u)=-1—-2uj+2uk, ry(-1)=-i+2j—-2k.

Since rj(1) - r4(—1) =0, the angle of intersection is 7/2 radians

r(t)=2ti+ (1 -t3)j—t*k, r'(t)=2ti—2tj—2tk.
(2ti+(1—t2)j—t2k) - (2ti—2t wj—2tk)=4t3; 43 =0=1t=0
The curve and the tangent line meet at right angles at the point where ¢ =0; (0,1,0).

r(t) =ti+e*j, r(0)=j; 26. r(t)=2sinti-3costj r(m/6)=1i-3V3]
v(t) =i+2e2j, r'(0)=1i+2j r'(t) =2cos ti+3sintj r'(r/6)=3i+2j
y

y

8

6 N X

4

2 ~

X
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ds

r'(t) = tcosti+ tsintj+ V/3tk; ||r’|\:E:2t
) r'(t) 1 ..
unit tangent vector: T:m:§(cos ti+sin tj+ V3k).
r

T'(t) = 1sinti—i—lcost" |\T’(1§)||—1

B PR T2
incipal 1 vect N T'(t) inti+ tj
principal normal vector: N = = —sin ti+ cos t]

T ()]
r'(t) = (—asin ti+acos tj+ bk.
"k b
The cosine of the angle 6 between r/(¢) and k is: H:,HHkH = \/cﬂlw = constant.
Therefore 6 is a constant.
/ A , 1+ 2t2
r(t):21+¥J—2tk; [t ()] = P
r'(t) 2t 1, 2t2 2, 1, ,
T(t) = - - ki T(1)=Zi+-j—2k
O=woi " s taerid g () =3i+3i-3
2 — 4t2 4t 4t

/ _ . . . / _ 2 s 4 s 4 _ 2
T(t)_ (2t2+1)21_ (2t2+1)2‘]_ (2t2+1)2k7 T(l)__§1_§J_§k7 ||T,<1)H - 3

_ T 1. 2 . 2
N) = gy = —3i—- 35— 3Kk

A normal vector for the osculating plane is: (2i+j—2k) x (i+2j+2k)=6i—6j+ 3k.
Since r(1) =2i—k, an equation for the osculating plane is

6(r—2)—6y+3(z+1)=0 or 20 —2y+2z=3.

r'(t) = —sin ti—sintj—v2cos tk; |[r'(t)]| = V2.

) = SO L i sin 1 VZeos tk); T(r/) — —Lio Ljo Lk
= = —(— — — ; T = 11— —
ol =~ vz 2i-31- %

1 1 1 1
T'(t) = — (—cos ti—cos tj+V2sin tk); T(rn/d)=—-=i—-j+—=k, [|[T/(x/4)|=1
(t) \/5( j ) (m/4)=—5i-3] 7 1T (w/4)]|

T/ (7 /4) 1 1 1
Ny = S/ Ly 1o 1y

T (7 /4)] 2 27 V2
A normal vector for the osculating plane is: (i+j+v2k) x (i+j— v2k) = —2v2i + 2v/2j.

V2

Since r(n/4) = 7(1 +j — 2k, an equation for the osculating plane is

2\/§<x?>+2\/§<yg> =0 or z—y=0.

5 5
¢ =2i4 025 L [l = [ Vitiae= 3
0 0

In3 In3 8
r't)=ci-e'j—Vok [F{t)||=¢" +e L:/ (" )t = [et _e_t}o ]
0
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r/(t) = coshti+sinhtj+k; [[t'(¢)]| = Vcosh?t +sinh?¢ + 1 = V2 cosh ¢;
1 1

L:/ V2 cosh tdt = [\/isinht]oz\/isinh 1.
0

r'(t) = —sin ti—cos tj+sinh tk; ||r'|| = V14 sinh?t = cosh t;

In2 In2 3
/ cosh tdt = {sinh t] = -
0 0 4

(a) r'(t) = —sinti+costj+t'/2k; ||r'(t)|| = VI Ft.

8=/0 IIIP’(U)Hduz/O VIT R =[50+ 2] = 204072 -
2/3
(b) t= (gs—Fl) —1=2¢(s); R(s)=cos ¢(s)i+sin ¢(3)j+§[¢(8)]3/2k

(c) Ri(s) = [— sin ¢(s) i+ cos ¢(s)j + o(s)/? k} #(s)
IR (s)|] = &' (s)v/1 + o(s) = % EH 1]1/3 (g) (ger 1>2/3 B

velocity: v =1/(t) = —sin ti+cos tj+ 2sin 2tk speed: s =||v|| = /1 + 4sin® 2t
acceleration: a=r"(t) = —cos ti—sin tj+4cos 2tk; |la|| =1+ 16cos? 2t

r’(t) = —costi—sintj and r'(0) =k = r'(t) = —sinti+ (cost—1)j+k.
Thus: velocity v = —sinti+ (cost —1)j+k and speed ||v|| = /3 —2cost.
r'(t) = —sinti+ (cost —1)j+k and r(0)=i= r(t) = costi+ (sint—¢)j+tk.

The acceleration vector remains perpendicular to the path means:
r v =0.

Y(t) = (O +2f(OF ()5, () = (@) i+ [2F() + 2f() /()]
rx' = 0= f'(t)f"(t) +Af OF ) +4f2 (O F () f"(t) =0

/ 3:171/2 y//: 3 1/2.

Yy = 5 4 )
W B
[T GPFP7 [t P Valh s on
4| cos 2
y = —2sin2z, y" = —4cos2x; K= | cos 22|

[1 + 4sin? 22]3/2
z(t) =27t y(t) =e? = 2/(t) = =27, Y(t) = 272 = 2"(t) = 27", y'(t)

2 e - (2em@e| 1 e
h= [de—2t 1 4e—41]3/2 T o e )32 T 2(e2 4 1)3/2
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