ANSWER on Question #70833 — Math — Geometry
QUESTION

Which of the following curves are regular?

1)
y(t) = (cos? t,sin?t), for —oo <t < oo
2)
y(t) = (cos?t,sin?t), for0<t< g
3)

y(t) = (t,cosht), for —oo<t< o

Find unit speed reparametrisation of regular curve(s).

SOLUTION
By the definition, let y(t) be a curve. The velocity vector of y(t) at t is y'(t).

The speed at t is a length |y’ (t)].
y(®) = (x(@),y(®),2(0)) = y' () = (x'(©),y' (), 2’ (1))

YOl = JFO) + ('O + @)

By the definition, the curve y(t) is regular if all velocity vectors are different from zero,
that is,

y'(t) #0,Vt
In our case,
1)

y(t) = (cos?t,sin?t), for —o <t < o

x(t) = cos?t - x'(t) =2 (cost) - (—sint) = —sin(2t) < |x'(t) = —sin(2t)

y(t) =sin?t - y'(t) = 2 - (sint) - (cost) = sin(2t) © |y’ (t) = sin(2t)

Then,



y'(t) = (—sin(2t), sin(2t))
y' (k) = (—sin(2 - (mk)),sin(2 - (nk))) = (0,0)
Conclusion,

y'(t)=0,Vt=nk,k€Z >

y(t) = (cos?t,sin?t), for — oo <t < o isn't regular

2)

T
y(t) = (cos?t,sin?t), for0<t< >

x(t) = cos?t - x'(t) =2 (cost) - (—sint) = —sin(2t) < |x'(t) = —sin(2t)

y(t) =sin?t - y'(t) = 2 - (sint) - (cost) = sin(2t) © |y’ (t) = sin(2t)

Since the
VA
O<t<§—>0<(2t)<n
As we know
T
sin(2t) # 0,vV0<t< 5
Then,
VA
y'(t) = (—sin(2t),sin(2t)) » y'(t) #0,V0 <t < 5
Conclusion,
T
y’(t);tO,V0<t<§—>
VA
y(t) = (cos?t,sin?t), for0<t< > is regular




Now, we find the unit speed reparametrisation of regular curve y(t):

n n
2

c= fly’(t)ldt = j\/(— sin(2t))? + (sin(2t))? dt = J\/E sin(2t) dt
0 0 0

s

2
= g (—cos(2t)) 0 = —g- (cos (2 g) —cos(2 - 0)) = —\/7?- (cos(m) — cos(0)) =

=—‘/77.(—1—1)=—§-(—2)=\/E—> c=12

Then
t t
S
s(t)=0jcdu=!\/7du=\/§t—> t=\/_§
Conclusion,
)7(\;) = y(t(s)) = (cos2 (\/if) , sin? (%)) is the unit speed reparametrisation
3)
y(t) = (t,cosht), for —oo<t< o
x(t)=t->x't)=1e|x'(t)=1

y(t) = cosht —» y'(t) = sinht & |y'(t) = sinht

Then,
y'(t) = (1,sinht)
Since the
1+0,

then

y'(t) = (1,sinht) # 0, for —oo <t < o0 -

y(t) = (t,cosht), for —oo <t < oisregular

Now, we find the unit speed reparametrisation of regular curve y(t)



t

s(t) = fly’(u)l du = f\/lz + (sinhuw)? du =
0

0

As we know
cosh?x —sinh?x =1| =
cosh? x = 1 + sinh? x

t t
= j\/ cosh? udu = Jcoshudu = sinhu|{ = sinht
0

0

s(t) = sinht - |t(s) = asinh s

Conclusion,

y(s) = y(t(s)) = (asinh s, cosh(asinh s)) — the unit speed reparametrisation

ANSWER:
1)
y(t) = (cos?t,sin?t) for —oo <t <
isn't regular
2)

3)

T
y(t) = (cos?t,sin?t), for0<t< >

is regular

S S S
v(s) = (cos2 (—) , Sin? <—)) is the unit speed reparametrisation

V2 V2

y(t) = (t,cosht) for —oo <t <o
is regular

y(s) = (asinh s, cosh(asinh s)) is the unit speed reparametrisation
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