/ BC Calculus

Ch. 10.3 Notes

Parametric Equations and Calculus
Parametric Equations & Formulas for Calculus

If a smooth curve Cis given by the equations x = f(r} and y = g{¥). then the slope of C at the point
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(x.¥) is given by — = dl
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Example 1:

dy  d*

Without a calculator, given x = 2\/; S 3t2 —2¢, find == and

) and evaluate at r=1.
dx

Example 2:

Without a calculator, given x=4cos?, y =3sint, write an equation of the tangent line fo the curve at the
point where ¢ = =,




Example 3:

Without a calculator, find all points of horizontal and vertical tangency given x =¢~ +1,

Parametric Arc Length

L:ﬁ

~a

2 2
‘f < rg ;\‘.
\/ 9—) +L§l] dr is the length of the arc from f=a to r=5
\ dt dt

Example 7:

Without a calculator, find the arc length of the given curve if x = 2, y= 47 -1, 0<r<1. _




It’s time to revisit particle motion.

Horizontal and Vertical Velocity Component VECTORS

x'(1) = — s the rate at which the x-coordinate is changing with respect to ¢ or the velocity of a particle
” ‘

in the horizontal direction.

V'(1)= % is the rate at which the y-coordinate is changing with respect to # or the velocity of a

particle in the vertical direction.

5= (x(t),y(t)> = (x(t),y(t)) is the position at any time z.

v <x’ (1),»' (t)> = (x'(t) V' (t)) is the velocity vector at any time 7.

a= <x"(l) " (t)> = (x"(t),y"(t)) is the acceleration vector at any time #.

*note: the vectors may or may not be contained within the chevrons < > .

dy

~ is the rate of change of y with respect to x or the slope of the tangent line to the curve or the slope

of the position vector.

2
d_g is the rate of change of the slope of the curve with respect to x.
dx

2 2
‘\7 (t)[ = ”\7 (t)” = (%) + (%) is the speed of a particle or the magnitude or the length or the

norm of the velocity vector.

dt
particle from t=a to £ =b..

2 2
b
j (%) + [—@i) dt is the length of the arc from 7 =g to =04 or the distance traveled by a
a t

b
*Remember that .‘. ]v(t)| dt

a

is the total distance traveled, whether it be along a straight line or curve.




Example 5.:
(No Calculator) A particle moves in the xy —plane so that at any time ¢, # > 0, the position of the particle is

given by x(f) =7° + 4%, y(t)=1* -1.

(2) Find the velocity vector at # =1, (b) the speed of the particle at # =1, and (c¢) the acceleration vector at
t=1.

Exami)le é »
(No Calculator) A particle moves in the xy —plane so that x = 3 -4cost and y=1-2sint¢, where
0<t<2xn

dzy

(a) Find % and ?

(b) The path of the particle intersects the x-axis twice. Write an expression that represents the distance
traveled by the particle between the two x-intercepts. Do not evaluate.
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Parametric Equations & Formulas for Calculus

If a smooth curve C is given by the equations x = f(f) and y = g(¢), then the slope of C at the point
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Example 1: N
Without a calculator, given x = 2\/; y= 32 —2¢ . find —Z;}- and - dﬁ‘ and evaluate at r=1. u@ s /ﬁrf‘ ;%
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Without a s:aicul*ator given x=4cost, y =3sinz, write an equation of the tangent line to the curve at the :
point where 3‘— MJ poi fﬁ gma? ‘/C:Eféy
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Example 3:

Without a calculator, ﬁnd all Qomts of horizontal and vertical tangency given x = 2+ t,y= 2 _3t+5.
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Parametric Arc Length \4( R\’( &U ﬁgz_'fdi]“h‘_ /Vn, LP’Z/‘Ha :
T(Zz} dt is the length of the arc from t=a 0 r=5 y |/ [+ [F” /)() ‘.e)(

Example ‘l-:
Without a calculator, find the arc length of the given curve if x = .y=4r -1, 0=<t<1.
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It’s time to revisit particle motion.

/ Horizontal and Vertical Velocity Component VECTORS

ﬂ”’v\'l ®

n g A+I+V:q“

dx
(z‘) =— is the rate at which the x-coordinate is changmg with respect to 7 or the velocity of a particle

ey

in the horizontal direction. (. /’ o

% (t) =- is the rate at which the y -coordinate is changing with respect to ¢ or the velocity of a

it

5= <x (t),y(t)> = (x (t),y(t)) is the position at any time 7.

partlcle in the vertical direction. 4 V*’fx‘l?/ A J? vé

T < "(1),y (t)> = ( ’(t),y'(t)) is the velocity vector at any time 7.
a= <x”(t),y”(t)> = (x”(t),y"(t)) is the acceleration vector at any time 7.
*note: the vectors may or may not be contained within the chevrons < > .(‘fmy‘{ [/ 7 f::,AL ’ﬁ’f;/il' }

L4 is the rate of change of y with respect to x or the slope of the tangent line to the curve or the slope

dx
of the position vector.

d’y . :
—;) is the rate of change of the slope of the curve with respect to x.

dx ) :
s the vesulant vector.

f

s # vty e sped[1760)

2 5
|\7 (t)! = Hf; (t)” = (%} +(%) is the speed of a particle or the magnitude or the length or the

norm of the velocity vector.

I ( ) ( ) dt is the length of the arc from 7 =a to # =5 or the distance traveled by a
dt

particle from f=a to 1=5..

b

*Remember that J. lv(t)‘ dt is the total distance traveled, whether it be along a straight line or curve.
a
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Example 5_ o
(No Calculator) A particle moves in the xy —plane so that at any time ¢, > 0, the position of the particle is

ivenby x(r) =1 +41%, y()=1* - 1.
g
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e
(a) Find the velocity vector at 7 =1, (b) the speed of the particle at 7 =1, and (c) the acceleration vector at < :’, 07

t=1.
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(No Calculator) A particle moves in the xy —plane so that x = V3 —4cost and y=1-2sint, where
[ vectsr ///0 ana W"(i”"/)

(a) Find — dy and E
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(b) The path of the particle intersects the x-axis twice. Write an expression that represents the distance
traveled by the particle between the two x—1ntercepts Do not evaluate.
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