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B Find the curvature of the helix r(t) =asint i +acost j+t k
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Ans:3

Sol:

r(t) = (asint,acost,t)
r'(t) = (acost,—asint,1)
r'(t) = (-asint,—acost,0)

|r’(t)|=¢a2 cos’t+a’sin’t+1=+/a’+1

i ik

r'(t)xr"(t)=| acost —asint 1|=(acost,—asint,—a’cos’t—a’sin’t) = (acost,—asint,—a’)

—asint —acost 0

r'(t) < r'(t) = JaZcos’t+a’sin’t+a’ =ava’ +1

ava’+1 a

~ k() = -
® (VaZ+1)® a’+1




3
B Find the length of the curve r(t) = <sin 2t,cos 2t,2t? >,0 <t<1.
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Ans : a

Sol:

3 1
r(t) = <sin 2t, cosZt,2t2>,0 <t<l=r'(t) = <2 cos2t,—2sin 2t,3t2>

1

2
Ir'(1)| = \/(ZCOSZt)z +(-2sin2ty + {Stzj = \J4cos? 2t + 4sin® 2t + 9t = /4 + Ot

2 9

1 1 12 3
L :J'O«/4+9tdt :5.[0«/4+9td9t =§~§(4+9t)2

1
0

B Let C be acurve described by x= f(t), y=g(t), a <t < g3, where f'
and g' are continuous on [«, f] and C is traversed exactly once as t

runs from « to f.Which one of the following is always true?

@ 7@ +(®)2dt> p-a;
by 7 \%H‘;—ﬁ dt >y B% +a?;
(©) jf,/‘%hg—‘t’dtzﬂ—a;

(@ [ +E)7dt > \(y(B) - y(@)? +(x(B) - x(@))*

Ans : d

Sol:

BRK XYy & & ¥ 8 0(@),(0),(c)= #3850 i< 0(7F £)
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B Let the distance traveled by a particle with position
(x(t),y()) = (sin2t,coszt) as t variesfrom t=0 to t=37 be d.
Then d=

@ V2. (b) 0. (©) 62 (d) 442,

Ans : c

Sol:

r(t) = (x(t), y(t)) = (sin’t,cos’t) = r'(t) = (2sintcost,~2costsint)

Ir'(t) = y/(2sintcost)’ + (- 2costsint)? = /4sin tcos’ t+4cos’ tsin’ t = yBsintcost

NN

L=6[?V8sintcostdt = 6\/§%(sint)2 =62

0



B The curvature of the cycloid.

x=a(f—-sind)
y =a(l-coséd)
at the point @ is.
1 1
a) |4acos—@|. b) ——.
@ 2 ‘ (®) |4a cosd |
1 1
© ——- d ————
4a cot— ‘ 4a sine‘
2 2
Ans : d

Sol:

r(t) = (a(@—sin@d),a(l—-cos),0)
r'(t) = (a(1-cosd),asin6,0)

r'(t) = (asin@,acosd,0)

Ir'(t)|= Ja2(1-cosO) +a’sin? @ =/2a(1-cos0)
i j k
r'(t)xr"(t)=|a(l—cosd) asin@ 0[=(0,0,a’(coséd—1))
asiné acosd 0

r't)xr'(t)| = Vat(cos#-1)? =a?(l-cos)

a’(1—cos6) 1

1

1

k() = _ _

' (v2a’(1-cos))®  2./2a’(1-coso) 2\/2a2(1—(1—23in2§)j

‘Z-Zasine‘
2
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B The principle normal vector N(t) for the curve r(t)=(t

_)

© t _i)+ t+1 j
\/2t2+2t+1 \/2t2+2t+1

t g t—1 =

d —/m—m i +— .

Va2t —ot+1 A2t? —2t+1

Ans : b
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Sol:
r'(t) = (3t — 3)i +6t]

IF)] = J(gt2 ~3f + (6tf =3(t° +1)
T(t)=

i +214]

[(3t> —3)i +6t]]=

3(t2 +1)

!

() = t2 1 i‘+( 2t j’j 4t i‘+_2t2+zj
+1 2+1 (t*+1?*  (t*+1)°

Lo Zot2 42 2
()”\/( +1)? J +( (2 +1) j T4l

At —2t? 42
' 2 2 2 2 2 B
T'(t) (t°+21) i (t°+2) j= 22t T z +1j
2 t2+1 t? +1
t*+1 t* +1

N (t) =




when t=0.
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B Find the unit tangent vector T(t) to the curve F(t)=

0)

0)

, 0)

0)

(sint, 2t, t?)

Sol:

r'(t) = (cost,2,2t)

[r'(6)] = (costf +4+ (2t} =cos?t+4t% + 4

T()=

(cost,2,2t)

Jeos? t +4t% + 4

1
t=0=cost=1..T(t)=—=(1,2,0)
NG




B r(t) =(cost, sint, 5t), then the principal normal vector along r(t) at
t=0 is

(1) (0.1,0) (2) (-1,0,0) (3) (1,0,0) (4)

(0,-1,0)

Ans : 2

Sol:
r'(t) = (—sint,cost,5)

[r'(t)] = (=sint)’ +(cost)? +25 =~/26

cost —sint

T(t)= \/_( sint,cost,5) = T'(t) = (\/_ \/_ 0)

ol 5 CR)

—cost —sint
N(t) = ’(t) (\/_ \/_ ,0) = (—cost,—sint,0)
f

t=0= N(t) = (~10,0)

B Let r(t):etsinti+et costj+etk. Find the unit tangent vector

T()at t=0.

1 1 1 1
A) —=(1,1,0)| B) |—=(1,1,1)] C) |—=(1,-1,1)| D) |—=(1,-1,0
>ﬁ( ) B) 3( ) )ﬁ( ) >ﬁ( )
Ans : B

Sol:

r'(t) = (e'sint +e' cost)i + (e'cost —e'sint) j +e'k

+(e'cost—e'sintf +e2 =+/3¢"

T@)= \/%[(et sint+e'cost)i +(e'cost—e'sint)j +e'k] = \%[(Sint +cost)i +(cost—sint)j +k]

R

t=0=T(t)= ( -

s
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B Find the arc length of the curve x=2t> -5, y=4t*>+11, 0<t<4,

Ans : 324/5

Sol:

r(t) = (x(t), y(t)) = (2t* = 5,4t> +11) = r'(t) = (4t,8t)
()] = /(4] + (8t} = /80t
L~ J; ot =B0-t") 8803245

B The displacement in meters of a particle moving in a straight line is given
by s(t)=t?+t,where t ismeasured in seconds. Find the average

velocity in meters per second over the time period [1, 4].
Ans : 6

Sol:
s(4)-s(1) 20-2
4-1 3

6

B The arc length of the curve (cost,sint,t) from t=0 to t=4x is
(2) :
Ans : 42x

Sol:
r(t) = (x(t), y(t), z(t)) = (cost,sint,t) = r'(t) = (~sint,cost,1)
r'(t) = /(=sint) + (cost)? +1 =2

L= J'Mx/ﬁdt = ﬁ'tr” =42z
0 0




B Find the curvature of the circle x*+y?=2003 at (

2003 «/2003}
2o lo2 )
1

2003

Ans :

Sol:

r(t) = (+/2003 cost,+/2003sint,0)
r'(t) = (—/2003sint, /2003 cost,0)
r"(t) = (-+/2003 cost,—/2003sint,0)
Ir'(t)|= /2003
k

[ J
r'(t)xr"(t) =|-4/2003sint  4/2003cost 0| =(0,0,2003) |r'(t) X r”(t)| =2003
—4/2003cost —+/2003sint O

2003 1
(+/2003)* /2003

- K(t)



B Find the curvature of the curve r(t) :<t2, t,t3 > at t=1. (2)

Ans : ﬁ
98

Sol:
r(t) = (t%,t,t°)
r'(t) = (2t,1,3t%)
r'(t) = (2,0,6t)

r'(t)|=at* +1+9t*
ik
r(t)xr’(t)=[2t 1 3t =(6t,—6t>,-2)
2 0 6t

IP'(8) x (1) = /(6L + (—6t7) + 4 = 2/9t% + 9t* +1

24/9t2 +9t* +1 219 /266

S k() = =
) (\/4t2+1+9t4)sfl>14\/ﬁ 98




