Solutions:

1.a) Since a(t) = (et cost,elsint,et) then we have,
a'(t) = et(cost,sint, 1) + et(—sint,cost,0) = et(cost —sint,sint + cost, 1),
a"'® =et(cost —sint,sint + cost,1) + ef(—sint — cost,cost —sint, 0)
= et(—2sint,2cost, 1),
a'"® = et(—2sint,2cost,1) + ef(—2cost,—2sint,0)
=et(—2sint — 2cost,2cost — 2sint,1),

|’ (O] = et\/(cost —sint)? + (sint + cost)2 + 1 = etv/3,

Uy U, Us
a'(t) xa”(t) =e? |cost —sint sint+cost 1
—2sint 2cost 1

= e?!(sint — cost,—sint — cost, 2),

lla’ () x a” ()|l = e**V/6,

cost —sint sint + cost 1
a'(t) xa”"(t)-a'(t) = e3t —2sint 2cost 1
—2sint —2cost 2cost—2sint 1

= e3[(cost —sint)(2sint) — (sint + cost)(2cost) + 4] = 2e3¢,

ar(t) et(cost—sint,sin t+cost,1) 1 . .
= = = —(cost —sint,sint + cost,1
llar@Il ety3 \/§( ’ 1),
_a'(®xa’’(t) _ e?(sint—cost,—sint—cost,2)
le’ (O)xa’" (@)l e?t6

=i(sint—cost,—sint—cost,Z),
NG

U; U, Us
sint —cost —sint—cost 2
cost —sint sint + cost 1

1
N—BXT—ﬁ

1 . . 1 . .
= ﬁ(—3smt —3cost,—3sint +3cost,0) = E(—smt —cost,—sint + cost,0),
_ |l xa” @ _ e*ve _ e V2

llar(®)113 e3t3y3 = 3’
_ad@xa"(@©a" () _ 2e3 et
la’ (&) xa' (t)]|? 6e4t 3°

b) s(t) = [, lla’(®)lldt = [ e*V3dt = v3(e* — 1).

e~ t

¢) Since % = ezﬁ = % # 0 then the curve is a cylindrical helix.
3
2. Since
E, = cos? fU; + cos f sin f U, + sin f U,
E, = cosfsin f U; + sin? f U, — cos fU,

E; = —sinfU; + cosf U,



then its attitude matrix is

cos? f cosfsinf sinf cos? f %sin 2f sinf
A=|cosfsinf sin®f —cosf |= %sian sinf f —cosf |

—sinf cos f 0 —sinf cosf 0
Then
—sin2fdf cos2fdf cosfdf
dA=| cos2fdf sin2fdf sinfdf |.
—cosfdf —sinfdf 0
Since

/coszf %sian —sinf\
tA:l\%sian sin? f cosf/

sin f —cos f 0

)

then we have

2 1 . .
—sin2fdf cos2fdf cosfdf /COS f 5sin2f —Slnf\
w=dAtA=| cos2fdf sin2fdf sinfdf ||1 . . |
—cosfdf —sinfdf 0 \zsm 2f  sin*f cosf/

sin f —cos f 0

0 —df cos f df
= df 0 sin f df
—cosfdf —sinfdf 0

b) Vig, (fE; + E3) = fVg, (fE; + E3)
= f(Ez [f1E1 + fVg, E; + VE2E3)-
Since E,[f] = cos f sin f U;[f] + sin? f U,[f] — cos fU; [f]
=%sin2fg—£+sin2fg—£—cosfz—’;,
Vi, E1 = Zj wlj(Ez)Ej = w12 (E2)E; + w13(E)Es = —df (E)E, + cos f df (E;)E;
= —E,[f1E; + cos f E;[f]E5 = E;[f](—E;, + cos f E3),
Vg, Ez = Zj w3j(E2)Ej = w31 (E)E; + w3, (ER)E, = —cos f df (E;)E; — sin f df (E,)E,
= —cos f E;[f]E; — sin f E;[f]E, = E;[f]1(—cos f E; —sinf E;),
then we have
Vie, (FE1 + E3) = f(E,[f1E1 + fVg,Ey + Vg, Es)
= f(E,[f1E, + fE,[f1(—E, + cos f E5) + E,[f]1(— cos f E; —sin f E,))
= fE,[f1((1 = cos f)E; — (f +sin f)E, + f cos f E;)

c) Since 8; = Y, a;;dx; or § = Ad¢, then we have



1
0, /coszf Esin 2f sinf \ dx,
6, =11 d
(é) |\§sin 2f sin?f - cosf/I (diﬁ) or
—sinf cos f 0

1
/coszfdx +§sin 2f dy + sinfdz\

61

6, |=|1

(é) | Esiandx+sin2fdy—cosfdz |
\ —sin f dx + cos f dy /

3. Since
IF(p) — F(@Il = l(p2 = 2,p3 + 5,p1 = 1) = (a2 — 2,3 + 5, — D)
= (2 = 42,03 = g3, 1 — @)1l = lIp — 4l
then F is an isometry. Since
0=T"F(0) =—-a+F(0)=-a+(-25-1)
then T is a translation by (—2,5,—1). Since
CP)=T'HP) =T (F®)=F@ +(2-51)
= (P2 —2,p3 +5,p1 — 1) +(2,-51) = (p2,p3,p1)

then we have
Ci11 €12 C13\ /P1 P2 0 1 0
C21 Cyp Co3 || P2|=|DP3 = C=(0 0 1]
C31 C32 C33/ \P3 P1 1 0 O



