
I

ÉÉ we will examine the curve C :S
✗ =P-3T

[ y = C-
3 -31-2

① Find an equation forthe linetangent to Cat the point where¥-1k .

• 1- = -1k ⇒ (×
,g) = ( C-

'KP-31-1=1
,
C-EP -3ft)) = ( "Is ,-78)

• Slope of tangent line = ¥ / + = - is

d¥= d¥%- = }I÷§t_ = tt
¥ / + = - y. = =

- Is
• Desired Equation : y +7s =

- 53-1×-8)
/
or
, y

= - F-✗ + ¥ (slope -intercept form )

② At the point where t --
-Yz is C concave up , or

concave down ?

We need to calculate dd,÷ /
⇐ , ,,

and see if it is positive or negative .

• dd¥ = [¥ ] = ¥+1 £+1 I Cuse Quotient Rule)

= ¥g kt⇒¥¥→tK = §

• dd¥ / += . ; =
- 2¥ < 0 ⇒ concave down at that point

day③ Any points of inflection ? ☒ = 3-¥,
This never equals 0 but it is undefined when C- = -1 orf- I

d >o <0
☒ 70

dxz

day

<
did

>I i
N t
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example , continued . .
.

④ Determine information to sketch the carve C.

Basicprinc.pl#sforC:x--f(tj,y--gCt).ef'
(t) > o when object moving right , f

'

(f)so when object moving left

• gits >o when object moving up, g'(f)so when object moving down -

f- '(f) = ¥1 = 31-2-3=31+-1×1-+1 )⇒ critical numbers at 1- = -1
,
+ = '

F'(t) >o f '(f)< o f/A)> o
< g p > taxis

→ -1
← a →

g'(f) = ¥ = 31-2-64=31-(1--2) ⇒ critical numbers at 1--0,1=2

g
'
(t) > o g

'(f) co
p
g
'
(t) > o

s > taxis&
T f z p

combine these number lines to get :
i

← ↳
←
→

>a * a d
- I 0 I 2

⇒

rough shape
of C is :

⇐ÉÉ÷
°

←



⑤ Now identify key points

Note object is at (3-4)t¥¥-←- attire c- =-1 and again
- 1 at time t ⇒ .

0 (0/0)✓This is a point of self- intersection
C- 2
,
-2) on C !:| , ,,, ,TE

-B 10,353 - a)
53 ( 0
,
-353 - 9)

Comment : To determine if C :{
✗=f⇐>

4 = get ,
has any

points of self - intersection algebraically , one needs
to find distinct numbers t and s satisfying
the simultaneous equations :

f- (f) = f- (s)( gct) = gls]
That's generally a difficult algebra prob em to
solve .



C ,
J ✗ =P-3T Stewart : Problem 18

page 675

[ 4=1-3-31-2
r

C

•

#
=
- %

:
pot.-

•

(18,0)

→
•

•

POI
(0,353--9)

✓
tangent
line

←
concave down

•FF
← (0

,
-355 - 9) t= ' ••R concave up

t= -1

concave up

NoTE_ : This curve Chas 2x-intercepts, 3g
- intercepts

✗- intercepts (4--0) : (0,0), ( 18,
←+=3

y-intercepts-x-oI.co,o], (0,353-9) , ( 0, -353
- 9)

¥53 It = -53



[ , §
✗ =t3-3T =fCH Stewart : Problem 18

page 675

( y = C- 3-31-2 = gets

t=o
•

C-=\ • >

@

← t= -1 and t=z

^ leftmost pt : 1-2, -21 ←
1- =L

rightmost pt : ( 2
,
-41 ← t= - l

topmost pt : 10,0) ← t=o

bottommost pt : (2 ,-41
← t=2

leftmost point = local min for flt )

rightmost point = local max for Fct )

topmost point = local max for gal

bottommost point = local min for gct )



If an object in motion is described by equations

{
✗ -71+1

y
= gltl

then the speed of the object at time t is FÉFt .

EXamp# ✗ = C-2+1
,
4=31-2 - l

speed at timet-F-F-t-zrrt-2.ro/t1 .

To describe the motion in this example we could
eliminate the parameter :

t
-

= ✗- I ⇒ y =3(x - 1) - I = 3×-4

So the motion takes place along the line 7=3×-4 .

However the object does not trace the entire line because

✗= t
'

+1>-1
.
So it traces the portion of the line on or to

the right of the line ✗ = 1
.

So the objectmoves
y -9 along this red ray to left,

gradually slowing
← track

down
,
till it comesof object

to a stop at 11, -11 .
Then it moves back

i . ✗ to the right , picking
• ( 1

,
- 1) up speed as it moves

farther from the origin .

•

• ( 0
,
- 4)

4=3×-4
→ Conclusion :

A curve can have a sudden change of
✓ direction at points where the speed

is 0 C object comes to a stop ) .
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