Lecture 17

Implicit differentiation.

Making y the subject: If zy =1, y =271 & g—g = —272. But 2y — y? = 1 is harder to be
changed to the subject of y.

Note: L (f(y) = f'(y) - %
Example 1. Find g—g given xy — y? = 1.

dx dx
dy _ 9, dy _ _
Tgw —2Yge = Y
dy _ _—y
dz r—2y
_ Y
T 2y—=x O

Example 2. Find % if 2293 = 1.

2xy® + 22 - 3y? W =0

dzx
3x2y2§—g = —2.ry3
dy — —2xy3
dx 3x2y?
_ =2y
- 3z O



Lecture 18

Implicit functions examples from Set 6M (Coroneos, 1982c)
Question 7. If 2%y = (z + y)?, show that g—g =1

ety =g (@ +y)?.

L y(La?) +x2%yg—z = 4 (23 + 3%y + 3xy® + ).
L 2ry+a?B = A8 dga2y 4 dggy? g Ay
= 322 +y%3x + 322 d—yydm Sx—I—Sxdyy?gz + d(;yggg

= 32% 4 6y + 3225 dy +3y% + 6:1:3/ + 3y* 3 dy

g—g(QxQ + 6zy + 3y?) = =32 — 4y — 3y*.
73x274xy73y2

2x24+-6xy+3y2
—3(z4y)°+2xy  xty

3(z+y)?—22  xty
—3(w+y)3+2w2y+2wy2

3(z+y)d—ad—a?y

—3x2y+2m2y+2xy2
3z2y—xz3—22y

dy

R dx

(since 2%y = (x +y)3)

2:cy2—m2y
202y —a3

Question 8. If xy + 5 + 8 = 0, show that wZ% = 8.

i(:1:y+5:1r;+8): .
. ydxx—kxdyydm—k 455 + d8—0.

" y+xdy+5—0.
dy

.. -Cllf)d:r :_y_5.
dy _ —Zy=5
©odx T T
; $2§_y:5”2<_y_5)
X xr
= —xy — T

=8 (since vy +5r+8=0). O



Question 9. If az? + by? = ¢ show that 2272 =

.
dx

ax? 4+ b-Ly2 9 —

dyy dx

L 2ax + 2by3—g

. dy
..dx

d2y
. de

—ac
b2y3 .




Lecture 19
The Conic Sections

The Circle (Cartesian equation)
22442 = a?
centre at origin and radius a.
(x—h)*+(y—k)* =d’

centre (h.k) and radius a.

Parametric Equations

Idea of parametric equations is to express x and y in terms of a 3rd variable such as ¢ or 6.

E.g., find the cartesian equation of the following curve:

parametric ([ z =14+t =t=x-1
equations | y = t2

-y = (z —1)? - cartesian equation.

M
TP D

£ i
—of e '\ \
U o xJa 72K

x = acosf

y = asinf

-from the diagram.

-parametric equations of a circle centre (0,0), radius a.

With centre (h, k), parametric equations are:
x=h+acosf
y=k-+asinf.



Circle on diameter A(z1,y1), B(x2,y2):

o) =P O

A
(N, |)
\ QY.

\‘ ,%(";i“!;\

r

\

Since AP | BP, gradAP.gradBP = —1.
S YTy YTy g

tr—x1 Tr—xo

(Y —y1)(y—y2) = — (v —21)(x — 22)
W =y)(y —y2) + (2 —21)(z —22) = 0.

Eg. 1. Find the equation of the circle with diameter A, B where A = (1,2) and B = (3, —1).
Find the centre and radius.

BT
y—2)(y+1)+(x—1)(z—3)=0

=y —dr+1=0
,',yz—y+%+x2—4a}+4+1:4%.
1

(x—2)%+ (y— 3)* = 31 .. the centre= (2, 1), radius=

V13
2 R

Example 1 from Coroneos, 1982b, p25.

Find the equation of the circle

(i) centre the origin to pass through the point (—3,7)

(ii) centre (1, —4) to touch the line 2z — 3y =9

(iii) which touches the coordinates axes and passes through (8,1).

() 22 +9y2 = (=3-0)2+ (T—0)? i.e., 22 + y2 = 58.



(i) (2 — 1) + (y + 4)2 = <%>2 e, (z—1)2+ (y+4)? =2,
(iii) (z — a)? + (y — a)? = a® where (8 —a)? + (1 — a)? = a?.

Hence 64 — 16a + a* + 1 — 2a + a* = a?

c.a? —18a+65=0

s (a—5)(a—13)=0..a=5,13

(=5 +(y—5)?%*=250r (z—13)*+ (y — 13)2 =169. O

/‘#_/



Lecture 20

Eg. 1. Find the equation of the tangent and normal to the circle 2 + y? = 5 at P(2,1).
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Since it is a circle with centre (0,0), then the normal does as well .-, the equation of the
normal can be found and also the tangent since the normal | tangent. However by calculus
methods,

22+ y?=5
..2x+2ydy—
dy x
cdx Ty
'mT—TQ=—2andmN—l

Using y — y1 = m(z — 21):

Tangent

y—1=-2(x—-2)
y—1=-2x+4
20 +y—5=0

Normal

y—1=3(x-2)
20—2=x—2
r—2y=0. U

Eg. 2. Find the equation of the tangent and normal to z? + y? = a? at
(i) P(x,y) (ii) P(acos®,asinf).

(i) z? +y* = a?
27+ 2yl =



Ldy . —x

cdx Ty
. _ I3
-mr = Y1 )
and my = :% cosince y — y1 = m(x — 1)
Tangent
_ —x
y—y1 =t —x)
2 2
Ny —yi = —11r + ]

T+ Y1y = 22 + 32 = a?

cLrz + Y1y = a?
Normal

y—ylzz—i(ﬂf—xl)

1Y — 1Y1 = 1 — 11
Sy —xy=0 O

.o dy )
(ll) drc — 7
_ —acosf __ —cosh __
mr = asip% ~ sinf cot ¢
. __ sinf __
.my = 255 = tan0.
Tangent

y—yr=m(z - z1)

y—asing = =228 (z — acosf)
ysinf — asin?6 = —x cosf + acos b
xcosf + ysinf = asin® 0 + a cos? 6

S.xcost 4+ ysinh =a

Normal

Y=Y :m(ifol)
y —asind = S28 (3 — qcos )
ycosf — asinfcosf = xsinf — asin b cos

coxsind —ycosf =0 O




Eg. 3. Find the equation of the tangent to the circle 2 4+ y? = 16 and perpendicular to
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Line has m = %
. —2
S.mr = 3
S 2x4+3y=k
S22 4+3y—k=0
erpendicular distance o angen O centre oI circle = radlus oI circle
P dicular dist It tt t f 1 d f 1
cd = lazi+byi+c| _ 4
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(since ¢ is constant and 7 and y; = 0.)
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Lecture 21

Ratio of distance from a fixed point (focus) to the distance from a fixed line (directrix)
equals a constant (eccentricity, e).
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e > 1 = hyperbola
e =1 = circle
e < 1 = ellipse.

Ellipse.

General equation: Z—; + z—i =1 a > b.
where foci (fae,0)

directrix z = +%

eccentricity: e =1 — 2—2

e = _ b°
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Parametric equations of ellipse are x = acosf,y = bsin 6



Note for b > a we have

At

< 3
S
2
®
—_
< >

Eg. Find the eccentricity, foci, directrices, and sketch the ellipse 422 + 9y? = 18.
Also find the parametric equation.

_ b2 _ 2 _ 5
e = 1—a—— 1—m—?
foci: (+ae,0) = (i% TE’,O) = (j:\/g,o
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Parametric equations: x = % cosf, y =/2sinf, 0 < 6 < 2.
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Lecture 22

Tangents and Normals to ellipses

M

=1
—2x
2
—b2z
aly °

s

| e+

SR

At P(acos®,bsinf)

Tangent:-

y—y1 =m(z—x1)

_ —b%(cos® __ —bcosh
Mtan = a?(bsin@) ~— asinf
. equation is y — bsinf = =25 (1 — g cos ).

aysin @ — absin? @ = —bz cos 6 + abcos? 0

bz cos § + aysin = ab(sin® 6 + cos? )
xcosf + ysin® __ 1

a b
Normal:-
— —1 _ asinf
Mnorm = Mian  bcosB

gjg;z (x — acosf)

by cos @ — b?sin @ cos @ = ax sinf — a? sin O cos O
axsin® — by cos — a?sinf cos + b?sinfh cos§ = 0

.. equation is y — bsinf =

ax by _ 2 12
cos 0 sng @ b
Tangent:-

ax sec ) — bycosecd = a? — b?
At P(z1,y1), equation is

—ble

Y=y = rp (@ —21)
a2yy1 - CZZZ/% = —52351(37 - 331)
a’yy, — agy% = —bzxxq + b2x%

b xx, — b*23 + a’yy; — a®y? =0
b xzy + a’yy; = b2a? + a®y?

IFL 4 Y —ﬁ—kﬁ—lsincew—Q—l—y—z—l
G/Zx:r b2y;a b2 T a? b2 T
. 1 N
S
Normal:-

z2 y?
On a2 + 2 17P(:E1;y1)

—1 a?

mnorm yl



and .. (y —y1) = f22 (z — 1)

b2z1y — bxiy1 = a1z — a’yi oy

Vr1y — a®yix = b*xyr — v = z1y1 (b2 — a?)
Vay—alyz _ 2 2

T1Y1
a?yio—biiy _ 2 2
T1Y1
a?z by _ 2 2
z1 Y1

Note: A latus rectum (plural - latus recta ) is the perpendicular chord to the major axis
of summetry of the shape passing through the focus (plural - foci ).
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Lecture 23

2

Example. P is the point (acos®,bsinf) on E : Z5 + é = 1 with eccentricity e, foci S, S".

S

i. Show that SP = a(1 — ecos#) and find an expression for SP. Show that SP + S'P is
independent of the position of P.

ii. If the normal at P intersects the major axis at G and minor axis at H, show that
PG 2

7 =1—e".

PH

A -a N x =%
TRy ¢
~ _ oA\
1 P(acu|t orinb)
Ry 7 — b 1)
w 7 — M
rd 41 \\
/ 1 &/ 1\
[ — S/ 1,
= ™ N 7 LY Y
2] \(- ae,0) VAP Aol -2
S \ v //)\"57"/_1 v
\V r" l#f/
I Y
PSS __
M~ €
.. PS=PM.e=(%—acost)e=a—aecost = a(l —ecost)
’
P = €

S'P=ePM' =e(2+acosf) =a+aecost = a(l + ecosb)
S.SP+S'P=a(l—ecosf)+a(l+ecost) =a(l —ecos+1+ecosh) =2a
which is independant of the position of P.

Normal: az sec — bycosec § = a? — b?

major axis: y =0

coazrsech = a® — b?

a®—b>
a sec 6

NelC=_=N1)

asecH’

xr =

Minor axis: = 0 by cosecd = a? — b?

= =) 4nd therefore H = 0 M)

Y bcosec 0 ) bcosec 0



. 2_q2
(CL cos 9)2+(b sin 0_( gosec 0 ))2

PG _\/ (acos@—';zs;cbz )2+ (bsin 0)?

o (a cos @—a cos 9+% cos 0)2+(bsin 0)?
(acos0)24(bsin 6—bsin 0—1—% sin 0)2

7 :
b5 cos2 04-b2 sin2 0
a

T
a? cos? 0—|—Z—2 sin2 @

b6 cos2 +a2b% sin? 6
- a?b? cos? 0+al sin? 0

_ b2 \/b2 cos? +a?sin? 0

a? b2 cos2 f+a? sin2? 0

. 2
=1—¢2 since e2=1- 4.
a



Lecture 24
From Coroneos, 1982b, Set 2D Q8.

8. P is the point (acos@,bsin @) on the ellipse F and @ is the corresponding point on the
auxiliary circle C' (i.e., P, have the same abscissa). State the coordinates of Q.

(i) Find the equation of the tangent at P to E and at @) to C. Prove that these tangents
meet on the major axis of the ellipse.

(ii) Show that the perpendicular distance from a focus S of E to the tangent at @ to C'is
equal to SP.

(iii) Find the equation of OQ and of the normal to E at P. Show that these meet on the
circle 22 + y? = (a + b)%

Q = (acosf,asinb)

(i) When F is the locus of P, the equation of E is 2—; + ‘Z—i = 1, and therefore i—"g +2ydy

b2 dx
dy _ —b3z dy _ —b%cosf _ —bcosh
Hence 2 = aZy and thus at P, 22 = —5 220 = =250,
cotanp 1y — bsing = =28 (5 — g cos6). Hence aysinf — absin® = —bcos 6 + abcos? 6.

. brcos O + aysin @ = ab(sin”® 0 + cos? 0) = ab.
When C' is the locus of @, the equation of C' is 22 + y? = a? and therefore 2z + 2y % =0

and therefore g—z = =2

R
. dy _ —acos® __ —cosf

. at Q’ dr ~—  asinf sing

. . _ : __ —cos .
ctang 1y —asind = —2%% (x — acos0)

. ysinf —asin®0 = —xzcosf + acos? 6

s xcosf + ysinf = a(sin? 0 + cos? ) = a.

When y = 0 for tanp, bz cosf = ab

Cr = a

T cos 6 a . . . a

and for tang, = cos @ = a and therefore z = 5 which is the same point for tanp((%5,0))

and therefore the two tangents meet on the major axis of the ellipse (z-axis (y = 0)).

(ii) When a focus of F is S, S is (ae,0)
. SP = \/(acosf — ae)? + (bsinf — 0)2

= \/@2(0080—6)2—|—b2 sin” @

= \/a2(cos @ — e)? + a2(1 — e2)(1 — cos? 0)

= av/cos20 — 2ecosl +e2 + 1 — cos2 0 — 2 + e2 cos? §
= av/e2cos2 — 2ecosf + 1

=ay/(ecosfh — 1)

= alecosf — 1|.

The perpendicular distance from S to tang is [226e040sin0-a} — 4lccos) — 1| = SP.
\/sin2 0+cos? 6



(iii) Equation OQ is y = %m = 2;‘;§$ c.xsind —ycosf =0 (since O is the origin).

Normp : y — bsinf = 258 (3 — gcos0)

and therefore ax sin § — b2 cos fsin @ = ax sin  — a? sin 6 cos

c.axrsin® — bycosd = (a® — b?) cos O sin O

g, bueost ae b secd — bycosecd = a? — B

.. where OQ) and Normp meet, zsinf — ycosf =0

s xsind = ycos® and axsinf — by cosf = (a® — b?) cosfsin

s azsin® — brsind = (a? — b?) cosfsin

c.xsinf(a —b) = (a —b)(a+ b)coshsind

c.xsinf = (a4 b)sinf cosd

s.x=(a+b)cosh and ycosf = (a + b) cosfsin b

..y = (a+0b)sin @ which are the parametric equations of the circle, centre (0,0) and radius
(a+b) units which has cartesian equation z? +y? = (a+b)? and therefore OQ and Normp
meet on the circle 22 + y? = (a + b)2.

The Hyperbola

General Equation i—z — ‘Z—i = 1 eccentricity e? = 1 + Z—z se=4/1+ 2—2 > 1, foci (+ae, 0),

. . _ a _ b
directrices x = +%, asymptotes y = £z
Parametric equations

x =asecl, y=>btanf (Note: e = PS| therefore PS > PM).
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Note zy = 1 is a rectangular hyperbola, i.e.,

N

x

3 m

-a-(h.a,q».‘.lﬂ Chnn

i

Example. For the hyperbola 322 — y? = 27 find the vertex, foci, directrices, asymptotes,
eccentricity and sketch the hyperbola. Find the acute angle between the asymptotes.

322 — y? = 27
2 2
T =1




1

(74

— V3
60°

tand
.. 9

ZAOB is the acute angle between the assymptotes and therefore it is 60°.



Lecture 25

Supp. Set 2F, Q1,9 (Coroneos, 1982b):

1. For the hyperbola H : 2%/16 —y?/9 = 1, find the coordinates of the foci S, S’. P is any
point (4sec,3tanf) on H.

(i) Show that PS = 5sec — 4 and PS’ = 5secf + 4; and hence prove the difference of
the focal distances to P is independent of the position of P on H.

(ii) Prove the tangent at P has equation zsecf/4 — ytan6/3 = 1. If this tangent meets
the transverse axis in 7', show that S’P : PS = S'T : T'S. Deduce that the tangent at P
bisects the angle S'PS.

(iii) Show the normal at P has equation 4x/sec + 3y/tan @ = 25. If this normal meets
the z-axis in G, prove that S’P : PS = S'G : SG.

Solution.

For hyperbola H : 2% /16 — y*/9 = 1, foci S and S are (+v/164/1 + %,0) = (+5,0) and P
on H is (4sech,3tand).

: — ./ VAT —
(i) PS = 1+%(4sec0—ﬁ)—%(4se69—%)—5se69—4
— ./ Vi6 ) _ —
PSS — 1+%(4S€C9+ﬁ)—%(4SGCQ+%)—5SGC9+4.
.. the difference of the focal distances to P is (5secf + 4) — (5secd — 4) = 8 which is
independant of # and .". independant of the position of P on H.

(ii) For H, § — 2—;’2—2 = 0 and therefore Z—z = PG—xy = Z’gtszgz = 3se¢b at P and therefore
tanp is y — 3tanf = 25;1‘31(;(90 —4secf) ie., dytanf — 12tan? 0 = 3z secd — 12sec?  i.e.,
3zsecl —4ytand = 12sec? § — 12tan? § = 12(sec? 6 — tan® ) = 12 i.e., Z5¢8 &;‘9 = 1.

If this meets transverse axis in 7', then for T', y = 0 and therefore %w@ = 1 and therefore

z = 2= and therefore T is (-25,0) and threrfore S'T : T'S = (=25 +5) : (5 — 1) =
(bsecf +4) : (5secl —4). S'P: PS = (5secf+4) : (5secl —4) = ST : TS (from (i))
and therefore if S’P is produced to I such that SI||TP, then %—f = ‘?F/—g (by intercept
theory) = %—g (above) and therefore SIHD = 5,}93 and therefore PI = PS. Therefore AIPS
is isosceles with ZPIS = ZISP (base £’s of isosceles AIPS) = ZSPT (alternate). But
£PIS = £S5’ PT (corresponding) and therefore £S5’ PT = ZT PS and therefore the tangent

at P (i.e., TP) bisects £S'PS.

(iii) Normp is y — 3tanf = %ﬁ(x — 4secf) and therefore 3ysec — 9tanfsec =

—4xtanf + 16secftan @ and therefore 4xtanf + 3ysecd = 16secHtand + 9tanfsecd =

25secftanf and therefore S;‘% + t:ga = 25. Where G is the z-intercept, y = 0 and

therefore Sgﬁ = 25 and therefore x = W and therefore G is (%STQCQ, 0) and therefore




S'G: SG = (225228 1 5) ; (2bseel 5y — (ZosecldA0) — (55ecf+4) : (secH—4) = S'P: SP

and therefore S’P: SP =S5'G : SG. 0O
9. Write down the equations of the asymptotes of the hyperbola H : 22/9 — y*/16 = 1.

(i) Prove that the part of the tangent at P(3secf,4tanf) on H which is intercepted
between the asymptotes is bisected at P.

(ii) Show that this tangent forms with the asymptotes a triangle of constant area.

iii) Prove that the tangent intercepted between the asymptotes subtends a constant angle
g g
at a focus.

: c 2 2 _ _ V16, 4 4
Solution. For the hyperbola H : 2%/9 — y*/16 = 1, asymptotes are y = £¥2x = £32.

V3
(i) For 22/9—y2/16 = 1,22/9— (2y/16) % = 0 and therefore % = 15—; = gﬁ(ﬁftzelfj)) = feect
at P(3sec,4tan ) on H and therefore Tanp is y—4tanf = 328 (33 sec ) and therefore

3ytan® — 12tan? 0 = 4xsech — 12sec? f and therefore 4xsecd — 3ytand = 12sec?f +
2tan? § = 12(sec? # — tan? §) = 12 and if this tangent crosses the asymptote y = %x at A,
then for A, y = %x and 4xsec — 3ytanf = 12 and therefore 4z secd — 3(%)tan9 =12
and therefore 4z sec @ — 4z tan @ = 12 and therefore x(4sec — 4tan ) = 12 and therefore

_ 12 _ 12 _ 3 _ 4 3 _ 4
L = TsecO—4tand 4(secf—tanf) = secf—tan6 and therefore Yy = g(seCO—tanG) " secf—tané
and therefore A is (——52—7, —-% ). If Tanp crosses the asymptote y = —3x at B,
then for B, y = ——ac and 4z sec  — 3y tan § = 12 and therefore 4x sec 6 — 3(—— )tanf = 12
and therefore 4a:se09 +4zrtanf = 12. . x(4dsech + 4tanf) = 12. . z = m =
12 _ 3 4 3 _ —4 :
4(secO+tanf) =~ secOH+tan6 and therefore Y= __(sec 9+tan0) ~ secO4+tan 0 and therefore B is

(2 G—itan 75 500 ejian 7) and therefore the midpoint of AB is

3 + 3
( sec  —tan 0 sec O+tan 0 sec O — tan 6 sec 9+tan 4 )
2 ’ 2
+ 1
_ 3 sec O — tanG sec 9+tan9 ) 4( sec O —tan 0
)

; sec Gitan 0 ))

= (3(
— (3(sec0+tan9+sece tan9)74(seCG—|—tan 0—(sec 0—tan9)))
(3(

2(sec? 6—tanZ 6) 2(sec? 6—tanZ 0)
_ 2 sec b 2tan 6
3% ) 450

= (3sech,4tanb)

=P

and therefore the part of the tangent at P(3sec,4 tan #) on H which is intercepted between
the asymptotes is bisected at P.

(ii) Where O is the origin (0,0),
OA = \/( secBEtan@)2 + (sec QEtaHO)z

— 9 + 16
- (sec@—tan 6)2 (sec 0—tan 0)2

— 25
- (sec@—tan 6)2

_ 5
~ secfH—tan0"




_ 3 Y
OB = \/(m)z + (sectans )’

— 9 + 16
- (sec O+tan 0)2 (sec O+tan 0)2

_ s
- (sec O+tan 0)2

_ 5

~ secH+tanB-

LAOB =2/A0X

_ -1 4 3

= 2tan <sec f—tan O/ sec 0—tan9)

= 2tan~! %

. Area AAOB = % -OB-0OB -sin ZAOB
_ 1 5 5 : —-14
— 2 secO—tanf sec9+tan49 ) Sln(Ztai 5)
= —po—g(sintan™! 3 costan™! 3)

2
= 25(\/424+32 : \/423+32 Junit

= 25(%)11111‘52
= 25($unit?

= 12unit? which is a constant and therefore the tangent forms with the asymptotes of a
triangle of constant area.

(iii) The focus Sis (v/9,1/1+ 2,0) = (3(2),0) = (5,0) and therefore
_ o 1 ((oermame =9/ (aermams —5) — ((sorians —0)/ (secoiians —5))
CASE = 1807 = a0 (arrrams ) (seeysimrs—0)/ (reewes )
B (( : :1 )/(3—§(secj)—tan 6) ))_(( : —4 )/(3—4‘1(59(3 6+tan 6) ))
— 1800 . t 1 sec O —tan 6 sec 6 —tan 0 sec 64tan 6 sec 64tan 6
(gt ) O T (copimy ) (o2 D))
_ o —1 (4/(3—5(sec—tan)))+(4/(3—5(sec O+tan9)))
= 180° —tan™" {= 75850 0—tan ))) (4/ (3=5(scc tan 0)))
— 180° — tan—! (4(3—5(sec O+tan 0))+4(3—5(sec0—tan 0)))/((3—5(sec 6—tan 0)(3—5(sec +tan 0)))
((3—5(sec@—tan0))(3—>5(sec O+tan 6))—4(4))/((3—5(sec 6—tan 0)(3—5(sec H+tan )))
— 180° — tan~! (4(3—5(sec +tan 0))+4(3—5(sec 0—tan 0)))
((3—5(sec0—tan 0))(3—5(sec O+tan 0))—4(4)

— 180° — tanfl 12—20sec #—20 tan +12—20sec 0+20 tan 0
- 9—15(sec O+tan ) —15(sec 0 —tan 6)+25(sec? H—tan? 6)—16
= 180° — tan_l 24—20sect

25(1)—7—15sec0—15tan 6 —15sec +15 tan §

_ o —1 4(6—10secH)
= 180° —tan™" Sg—=5--5

. o —1 4(6—10sec)
= 180° —tan™" 35—55eca)

= 180° — tan™' 3

= 180° — 53°8'

= 126°52" which is a constant and therefore the tangent intercepted between the asymp-
totes subtends a constant angle at a focus (53°8" at one focus and 126°52" at the other).

/‘7%/



Lecture 26

Rectangualar Hyperbola - asymptotes are at 90° to each other.

2 2
-4 =1lor % —y? = a? i.e., asymptotes: y = £z, eccentricity: e = /1 + 22
For
4y
N
N2 5

S
7

swiveled around the origin, we get xy = ¢ of parametric equations = cp,y =

<
p



Tangents and normals at P(cp, ©):
Ty = 2
y = 2z!
2 2
% = _0213_2 = _% = _(C(;)z ((I+p)
oy — &= Ly
Tanp: y — = = —2(x — cp)
z+py=cp+cp
c.x+pPy = 2cp
Normp: y — ﬁ = p*(x — cp)

plz —py =prc—c=c(p* - 1).
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