In this question you must show all stages of your working.
Solutions relying on calculator technology are not acceptable.

A curve C has equation
2x+ 4y =6+3e”
The point P(% 0] lies on C.

Find an equation of the tangent to C at P, giving your answer in the form
ax + by + ¢ = 0 where a, b and c are integers.

In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.

The curve C has parametric equations
x =sint— 3 cos’t y=3sint+ 2cost 0<t<5

d
(a) Show that d_J; =3 where 1=7

The point P lies on C where t ==

(b) Find the equation of the tangent to the curve at P in the form y = mx + ¢ where
m and c are constants to be found.

Given that the tangent to the curve at P cuts C at the point O

(c) show that the value of ¢ at point Q satisfies the equation

9cos’t+2cost—7=0

(d) Hence find the exact value of the y coordinate of Q

(6)
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Figure 2

Figure 2 shows a sketch of part of the curve C with parametric equations

1
x =3 =f—- t>:07
t ¥ t

The curve C intersects the x-axis at the point Q.

(a) Find the x coordinate of Q.

The line / is the normal to C at the point P as shown in Figure 2.
Given that r=2 at P

(b) write down the coordinates of P

(c) Using calculus, show that an equation of / is

3x +85y~ 15

The region, R, shown shaded in Figure 2 is bounded by the curve C, the line / and the
X-axis.

(d) Using algebraic integration, find the exact volume of the solid of revolution formed
when the region R is rotated through 27 radians about the x-axis.

(1)

(1)
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Figure 2

Figure 2 shows a sketch of part of the curve with parametric equations
x=2=6t, y=t—4, teR
The curve cuts the x-axis at the origin and at the points 4 and B, as shown in Figure 2.

(a) Find the coordinates of 4 and show that B has coordinates (20, 0).

3)
(b) Show that the equation of the tangent to the curve at B is
7y +4x—80=0
&)
The tangent to the curve at B cuts the curve again at the point P.
(¢) Find, using algebra, the x coordinate of P.
“)
1. A curve C has parametric equations
x= - 1 +2 teR >3
(-3 YT
Show that all points on C lie on the curve with Cartesian equation
_ax—1
Y bx
where a and b are constants to be found.
3
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Figure 4

Figure 4 shows a sketch of the curve C with parametric equations

T T T
= sect =+3tan|r+ — — <t < —
g o ( 3) 6 2

d
(a) Find ay in terms of ¢

3)
(b) Find an equation for the tangent to C at the point where 7= %
Give your answer in the form y = mx + ¢, where m and ¢ are constants.
(C))
(c) Show that all points on C satisfy the equation
_Ax® + B\3x* -3
# 4 — 3x”
where 4 and B are constants to be found.
(3)
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In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.

A curve C has parametric equations
x=28cost+2 y=6sinf—3 0<it<2n
. . T
The point P lies on C where 1= 3
(a) Use parametric differentiation to find the exact gradient of the tangent to C at P.

The normal to C at P intersects the x-axis at the point R.

(b) Find, using algebra, the exact coordinates of R.

(c) Find a Cartesian equation of C. The equation must not involve
trigonometric expressions.

In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.

A curve C has parametric equations

x=28cost+2 y=6sinf—3 0<i<2n
: : T
The point P lies on C where t = 3

(a) Use parametric differentiation to find the exact gradient of the tangent to C at P.

The normal to C at P intersects the x-axis at the point R.

(b) Find, using algebra, the exact coordinates of R.

(c) Find a Cartesian equation of C. The equation must not involve
trigonometric expressions.
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5. The curve C has parametric equations

x—3+2t =1-7 t#1
1—¢ y=

The point P, where =2, lies on C.

(a) Use parametric differentiation to find the equation of the normal to C at P. Give

your answer in the form ax + by + ¢ = 0 where a, b and ¢ are integers to be found.

(b) Show that a Cartesian equation for C can be expressed in the form

_ px+tgq

= x#k
(::c+r)2

where p, g, r and k are integers to be found.

)

(4)
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Figure 3

Figure 3 shows a sketch of the curve C with parametric equations

x =2cos2t y =4sint 0<1<

(SN

The region R, shown shaded in Figure 3, is bounded by the curve, the x-axis and the y-axis.

(a) (i) Show, making your working clear, that the area of R = J-4 32sin’¢cost dt

0

(ii)) Hence find, by algebraic integration, the exact value of the area of R.

(6)

(b) Show that all points on C satisfy y = vax+ b, where a and b are constants to

be found.

The curve C has equation y = f(x) where f is the function
f(x)= vax+b -2<x<£2
and a and b are the constants found in part (b).

(c) State the range of f.

3. A curve has parametric equations

t+15 5
x = y=— =0
t+4 r+2

(a) Show that a Cartesian equation of the curve is y = g(x) where

ax+ b
cx +d

g(x)= e<x< f

and a, b, ¢, d, e and fare constants to be found.

(b) State the range of g.

3)
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In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.
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Figure 3
Figure 3 shows a sketch of part of the curve with parametric equations
x=0+2 y=£-9% teR
The curve cuts the x-axis at the origin and at the points 4 and B as shown in Figure 3.

(a) Find the coordinates of point 4 and show that point B has coordinates (15, 0).

(&)
(b) Find the equation of the tangent to the curve at B, giving your answer in the form
ax + by + ¢ =0, where a, b and c are integers.
4)
The tangent to the curve at B cuts the curve again at point X.
(c) Use algebra to find the coordinates of X, showing each stage of your working.
6))

(Total for Question 8 is 12 marks)




10.

Figure 5
Figure 5 shows a sketch of the curve with parametric equations

2

x =3¢ y = sinf sin 2t 01 <

T
2
The region R, shown shaded in Figure 5, is bounded by the curve and the x-axis.

(a) Show that the area of R is

ro| =

k-[ tsin’tcost dt
0

where £ 1s a constant to be found.

3)
(b) Hence, using algebraic integration, find the exact area of R, giving your answer in
the form
prt+q

where p and g are constants.

(3)
6. A curve has equation
4y +3x=6ye™
. dy
(a) Find -~ in terms of x and y.
& )

The curve crosses the y-axis at the origin and at the point P.

(b) Find the equation of the normal to the curve at P, writing your answer in the form
y = mx + ¢ where m and ¢ are constants to be found.

“
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In this question you must show all stages of your working.
Solutions relying on calculator technology are not acceptable.

A curve C has equation
2x+4y = 6+3e”
The point P[% 0] lies on C.

Find an equation of the tangent to C at P, giving your answer in the form
ax + by + ¢ =0 where a, b and ¢ are integers.

(6)
. The curve C has parametric equations
3+ 2t 2
X = =1-t t =1
1-1¢ y
The point P, where =2, lies on C.
(a) Use parametric differentiation to find the equation of the normal to C at P. Give
your answer in the form ax + by + ¢ = 0 where a, b and ¢ are integers to be found.
(3)

(b) Show that a Cartesian equation for C can be expressed in the form

_pPxra
(Jc+r)2

where p, g, r and k are integers to be found.

(4)
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Figure 2

Figure 2 shows a sketch of the curve with parametric equations

t3

YT o+ 4

x=9— 4t 0<1<

PR

9
The curve touches the x-axis when ¢=0 and meets the y-axis when ¢ = 2
The region R, shown shaded in Figure 2, is bounded by the curve, the x-axis and the y-axis.

(a) Show that the area of R is given by

9
K-r L4
T4 /4
, \Bl-1612

where K is a constant to be found.
(C))
(b) Using the substitution u = 81 — 162, or otherwise, find the exact area of R.

(Solutions relying on calculator technology are not acceptable.)
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Figure 1
Figure 1 shows a sketch of a closed curve with parametric equations
x=5cosd y=3sinf - sin26 0<0<2n

The region enclosed by the curve is rotated through n radians about the x-axis to form a
solid of revolution.

(a) Show that the volume, V| of the solid of revolution is given by

Yi
V= SR'J- sin’ 0(3 - 2cos A’ df

23

where a and f are constants to be found.

@

(b) Use the substitution u = cos @ and algebraic integration to show that V' = kzx where k
is a rational number to be found.

)
3. A curve has parametric equations
t+15 5
X = y=—" t=0
t+4 r+2
(a) Show that a Cartesian equation of the curve is y = g(x) where
ax+b
X)= e < x <
&) ex +d /
and a, b, ¢, d, e and fare constants to be found.

(3)

(b) State the range of g.
2)
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Figure 1

Figure 1 shows a sketch of the curve C with parametric equations

T
x=5+2tant y =8sec’t —Eét.{\

N

(a) Use parametric differentiation to find the gradient of C at x =3
(C))

The curve C has equation y = f(x), where f is a quadratic function.

(b) Find f(x) in the form a(x + b)* + ¢, where a, b and ¢ are constants to be found.

&)

(c) Find the range of f.
(2

The curve C is defined by the parametric equations

1, 1-2Q)
t 3+1
(a) Show that the equation of C can be written in the form y = g(x) where g is the function

ax + b
ex+d

g(x) = x>k

where a, b, ¢, d and k are integers to be found.
)

(b) Hence, or otherwise, state the range of g.

2)
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Figure 3
Figure 3 shows a sketch of part of the curve with parametric equations
x = tanf y = 2sin26 0=0

The finite region, shown shaded in Figure 3, is bounded by the curve, the x-axis and the
line with equation x = V3

The region is rotated through 2z radians about the x-axis to form a solid of revolution.

(a) Show that the exact volume of this solid of revolution is given by

_[: p(1 = cos26)do

where p and k are constants to be found.

(7
(b) Hence find, by algebraic integration, the exact volume of this solid of revolution.
3)
2. A set of points P(x, y) is defined by the parametric equations
t—1 6 1
2t +1 2t +1 2
(a) Show that all points P(x, v) lie on a straight line.

“4)

(b) Hence or otherwise, find the x coordinate of the point of intersection of this line and
the line with equation y =x + 12

(2)
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Figure 4

Figure 4 shows a sketch of the curve C with parametric equations

T T T
= sect =+3tan|r+ — — <t < —
g o ( 3) 6 2

d
(a) Find Ey in terms of ¢

(b) Find an equation for the tangent to C at the point where 7=

w (X

Give your answer in the form y = mx + ¢, where m and ¢ are constants.

(c) Show that all points on C satisfy the equation

Ax® + B\J3x* -3
4 - 35

y:

where 4 and B are constants to be found.

. A set of points P(x, y) is defined by the parametric equations

1=l
T2 +1 ¥

= 4
2t +1 2

(a) Show that all points P(x, y) lie on a straight line.

(b) Hence or otherwise, find the x coordinate of the point of intersection of this line and

the line with equation y =x + 12

(&)

“)

5)

4

)
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2. The curve C has parametric equations

t £
A Y

t>0

. X, J . B! .
(a) Write down ; in terms of ¢, giving your answer in simplest form.

@)
(b) Hence show that all points on C satisfy the equation
X =2xy'—y'=0
(€))
3. A curve has parametric equations
t+15 5
X = y=—" t=0
[ +4 [+2
(a) Show that a Cartesian equation of the curve is y = g(x) where
ax+b
= e < x <
g() ex +d s
and a, b, ¢, d, e and fare constants to be found.
)
(b) State the range of g.
)
3. The curve C has parametric equations
3 + 2sint . z <t< z
= sin = — -5 <t 5
* Y7 7+ cos2t 2 2
(a) Show that C has Cartesian equation
12
YE 7=+ pPsx<q
where p and g are constants to be found.
6)
(b) Hence, find a Cartesian equation for C in the form
=2 4+ ° <x<
YT X+b x+d PRISY
where a, b, ¢ and d are constants.
3)
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Figure 3

In this question you must show all stages of your working.

Solutions relying entirely on calculator technology are not acceptable.

A curve C has parametric equations

T
x = sin’t y=2tant 0§t<‘2—

; ; T ..
The point P with parameter ¢ = r lies on C.

The line / is the normal to C at P, as shown in Figure 3.

(a) Show, using calculus, that an equation for / is

8y+2x=17

The region S, shown shaded in Figure 3, is bounded by C, / and the x-axis.

(b) Find, using calculus, the exact area of S.

(6)
A curve has parametric equations
t+15 5
X = y=—: t=0
t+4 r+2
(a) Show that a Cartesian equation of the curve is y = g(x) where
ax+b
X)= e < x <
&) cx +d s
and a, b, ¢, d, e and fare constants to be found.
3)

(b) State the range of g.
2)
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In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.
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Figure 3
Figure 3 shows a sketch of part of the curve with parametric equations
x=0+2 y=£-9% teR
The curve cuts the x-axis at the origin and at the points 4 and B as shown in Figure 3.

(a) Find the coordinates of point 4 and show that point B has coordinates (15, 0).

(&)
(b) Find the equation of the tangent to the curve at B, giving your answer in the form
ax + by + ¢ =0, where a, b and c are integers.
4)
The tangent to the curve at B cuts the curve again at point X.
(c) Use algebra to find the coordinates of X, showing each stage of your working.
6))

(Total for Question 8 is 12 marks)
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Figure 3

Figure 3 shows a sketch of the curve C with parametric equations

x =6f —3sin2¢ y = 2cost Ogrg%

The curve meets the y-axis at 2 and the x-axis at k, where k is a constant.

(a) State the value of k.

(1)
(b) Use parametric differentiation to show that
d
& _ Jcosect
dx
where 4 is a constant to be found.
4)
The point P with parameter ¢ = % lies on C.
The tangent to C at the point P cuts the y-axis at the point N.
(c) Find the exact y coordinate of N, giving your answer in simplest form.
3)

The region bounded by the curve, the x-axis and the y-axis is rotated through 27z radians
about the x-axis to form a solid of revolution.

(d) (1) Show that the volume of this solid is given by
I B(1 - cosdr)dr
0

where a and f are constants to be found.

(11) Hence, using algebraic integration, find the exact volume of this solid.

(6)
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Figure 2

Figure 2 shows a sketch of part of the curve C with parametric equations

1
x =3 =f—- t>:07
t ¥ t

The curve C intersects the x-axis at the point Q.

(a) Find the x coordinate of Q.

The line / is the normal to C at the point P as shown in Figure 2.
Given that r=2 at P

(b) write down the coordinates of P

(c) Using calculus, show that an equation of / is

3x +85y~ 15

The region, R, shown shaded in Figure 2 is bounded by the curve C, the line / and the
X-axis.

(d) Using algebraic integration, find the exact volume of the solid of revolution formed
when the region R is rotated through 27 radians about the x-axis.

(1)

(1)

(&)

)
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Figure 3

In this question you must show all stages of your working.

Solutions relying entirely on calculator technology are not acceptable.

A curve C has parametric equations

T
x = sin’t y=2tant 0§t<‘2—

; ; T ..
The point P with parameter ¢ = r lies on C.

The line / is the normal to C at P, as shown in Figure 3.

(a) Show, using calculus, that an equation for / is
8y+2x=17

The region S, shown shaded in Figure 3, is bounded by C, / and the x-axis.

(b) Find, using calculus, the exact area of S.

(6)
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Figure 2
Figure 2 shows a sketch of the curve defined by the parametric equations

2

= a<t<h
t3-1)

x=1t*+2t y

where a and b are constants.
The ends of the curve lie on the line with equation y = 1

(a) Find the value of @ and the value of b

()
The region R, shown shaded in Figure 2, is bounded by the curve and the line with
equation y =1
(b) Show that the area of region R is given by
RS
13 -1)
where M and k are constants to be found.
3)
(c) (1) Writ ud rtial fracti
e artial fractions.
c) (i) Wri G-1) in parti ctions
(i1) Use algebraic integration to find the exact area of R, giving your answer in
simplest form.
(6)
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Figure 2
Figure 2 shows a sketch of the curve defined by the parametric equations

2

= a<t<h
t3-1)

x=1t*+2t y

where a and b are constants.
The ends of the curve lie on the line with equation y = 1

(a) Find the value of @ and the value of b

()
The region R, shown shaded in Figure 2, is bounded by the curve and the line with
equation y =1
(b) Show that the area of region R is given by
RS
13 -1)
where M and k are constants to be found.
3)
(c) (1) Writ ud rtial fracti
e artial fractions.
c) (i) Wri G-1) in parti ctions
(i1) Use algebraic integration to find the exact area of R, giving your answer in
simplest form.
(6)
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Figure 3

Figure 3 shows a sketch of the curve C with parametric equations

x=1+3tant y=2cos2t -

o ]
/AN
—
/AN

w3

The curve crosses the x-axis at point P, as shown in Figure 3.

(a) Find the equation of the tangent to C at P, writing your answer in the form
y = mx + ¢, where m and ¢ are constants to be found.

6))
The curve C has equation y = f(x), where f is a function with domain [k, 1+33 ]

(b) Find the exact value of the constant £.

)

(c) Find the range of f.
2
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Figure 3

Figure 3 shows a sketch of the curve C with parametric equations

x =6f —3sin2¢ y = 2cost Ogrg%

The curve meets the y-axis at 2 and the x-axis at k, where k is a constant.

(a) State the value of k.

(1)
(b) Use parametric differentiation to show that
d
& _ Jcosect
dx
where 4 is a constant to be found.
4)
The point P with parameter ¢ = % lies on C.
The tangent to C at the point P cuts the y-axis at the point N.
(c) Find the exact y coordinate of N, giving your answer in simplest form.
3)

The region bounded by the curve, the x-axis and the y-axis is rotated through 27z radians
about the x-axis to form a solid of revolution.

(d) (1) Show that the volume of this solid is given by
I B(1 - cosdr)dr
0

where a and f are constants to be found.

(11) Hence, using algebraic integration, find the exact volume of this solid.

(6)
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10.

Figure 5
Figure 5 shows a sketch of the curve with parametric equations

2

x =3¢ y = sinf sin 2t 01 <

T
2
The region R, shown shaded in Figure 5, is bounded by the curve and the x-axis.

(a) Show that the area of R is

ro| =

k-[ tsin’tcost dt
0

where £ 1s a constant to be found.

&)

(b) Hence, using algebraic integration, find the exact area of R, giving your answer in
the form

prt+q

where p and g are constants.

)
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