These are P2 questions(all variants) as the syllabus is same as P3 :)

QL.

7  The parametric equations of a curve are
x=26-sin26, y=2-cos286.
dv
(i) Show that 2 = cot6. (5]

(ii) Find the equation of the tangent to the curve at the point where 8 = %It. [3]

(iii) For the part of the curve where 0 < 8 < 27, find the coordinates of the points where the tangent
is parallel to the x-axis. [3]

Q2.

6  The parametric equations of a curve are

4
x=2t+Inz y=t+7,
where ¢ takes all positive values.
dy -4
i) Show that — = ——. 3
® dx  #(2t+1) [3]
(ii) Find the equation of the tangent to the curve at the point where 7= 1. [3]

(iii) The curve has one stationary point. Find the y-coordinate of this point, and determine whether
this point 15 a maximum or a MINimum. [4]

Q3.

5 (i) By differentiating

. show that if y = sec @ then d—‘ = secBtan 6. [3]
cos ’ de

(ii) The parametric equations of a curve are

x=1+tan6. Vv =sechH.
for —1r < 6 < 1x. Show that dy sin 0 [3]
2 27 Tdv T '
(iii) Find the coordinates of the point on the curve at which the gradient of the curve 1s % [3]

Q4.

3  The equation of a curve is y = x + 2 cosx. Find the x-coordinates of the stationary points of the curve
for 0 € x < 27, and determine the nature of each of these stationary points. [7]



Q5.

5  The equation of a curve is 3x? + 23y + 17 = 6. It is given that there are two points on the curve where
the tangent is parallel to the x-axis.

(i) Show by differentiation that. at these points., y = —3x. [4]

(i) Hence find the coordinates of the two points. [4]

Q6.

3 The parametric equations of a curve are

x=3t+ln(z-1), y=7F+1, forz>1.

dv .
(i) Express —1 in terms of 7. [3]

d:

(ii) Find the coordinates of the only point on the curve at which the gradient of the curve is equal
to 1. (4]

Q7.

6 It is given that the curve )y = (x — 2)e™ has one stationary point.
(i) Find the exact coordinates of this point. [5]

(ii) Determine whether this point is a maximum or a minimum point. [2]

Q8.

7  The equation of a curve is

% +J-‘2 —4xv+3=0.

(4]

o Show that & = 2%
(i) Show that v ‘_—2\

(ii) Find the coordinates of each of the points on the curve where the tangent is parallel to the x-axis.

(5]
4  The parametric equations of a curve are
X=4sinf, y=3-2cos26,
1 I dy . o dia :
where — 7 < 0 < 57. Express P terms of 6, simplifying your answer as far as possible. [5]



Q10.

6  The equation of a curve is

Ky +yt =6

dy 6-2xy
i) Show that — = —. 4
(i ow that B [4]

(ii) Find the equation of the tangent to the curve at the point with coordinates (1. 2), giving your
answer in the form ax + by + ¢ = 0. [3]

Q11.

5  The equation of a curve is y = x’¢ ™.
(i) Show that the curve has a stationary point where x = 3. [3]

(ii) Find the equation of the tangent to the curve at the point where x = 1. [4]

Q12.

2 A curve has parametric equations
X=3t+sin2f, y=4+2cos2t.

Find the exact gradient of the curve at the point for which f = %ﬂ. [4]

Q13.

dy
5 Find the value of — when x = 4 in each of the following cases:

(i) y=xIn(x-3), (4]

Wy=z=1

Q14.

5 A curve has equation x> + 2y* + 5x + 6y = 10. Find the equation of the tangent to the curve at the
point (2, —1). Give your answer in the form ax + by + ¢ = 0, where a, b and ¢ are integers. [6]

Q15.



6  The curve y = 4x? Inx has one stationary point.

(i) Find the coordinates of this stationary point, giving your answers correct to 3 decimal places.

(51

(ii) Determine whether this point is a maximum or a minimum point. [2]

Q16.

5 The parametric equations of a curve are

x=In(t+1), y=e*+21.

dy
(i) Find an expression for a in terms of I. [4]

(ii) Find the equation of the normal to the curve at the point for which f = 0. Give your answer in
the form ax + by + ¢ = 0, where a, b and ¢ are integers. [4]

Q17.

§  The parametric equations of a curve are

x=e%, = dre'.
dv  2(z+1
(i) Show that d%_ =2 e‘: ) [4]
(ii) Find the equation of the normal to the curve at the point where 7 = 0. [4]

Q18.

S The equation of a curve is
x2— 2\’2_1' +3y=09.
dv  x—-dy

(i) Show that — =

——ty 4
& 22-3 4]

(ii) Find the equation of the normal to the curve at the point where x = 2, giving your answer in the
form ax + by +c=0. [4]

Q19.



7  The equation of a curve is
2% + 3y? — 2xy = 10.

dy y-2x
i) Show that — — = : 4
(i) Show tha X T [4]
(ii) Find the coordinates of the points on the curve where the tangent is parallel to the x-axis.  [5]
Q20.
6
y
A
M
P,
I
l
I
i
B I
/ I
I
I A
1 >
0 P § = °

The diagram shows the curve y = (4 — x)e" and its maximum point M. The curve cuts the x-axis at A
and the y-axis at B.

(i) Write down the coordinates of A and B. 2]
(ii) Find the x-coordinate of M. (4]

(iii) The point P on the curve has x-coordinate p. The tangent to the curve at P passes through the
origin O. Calculate the value of p. [5]

Q21.

5  The curve with equation y = x> Inx, where x > 0. has one stationary point.
(i) Find the x-coordinate of this point, giving your answer in terms of e. [4]

(ii) Determine whether this point 1s a maximum or a minimum point. [2]

Q22.



4  The equation of a curve is x> +1° = 9xy.

dy  3y-— 2

(i) Show that ke m

(4]

(i) Find the equation of the tangent to the curve at the point (2. 4). giving your answer in the form
ax+by=c. (3]

Q23.

4  The equation of a curve is 3 = 2x — tanx. where x is in radians. Find the coordinates of the stationary
points of the curve for which —%n <x< %n:. [5]

Q24.

. . . -1 L ody
6  Find the exact coordinates of the point on the curve y = xe = at which F =0. (7]

Q25.

6  The curve with equation y = x Inx has one stationary point.
(i) Find the exact coordinates of this point. giving your answers in terms of e. [5]

(ii) Determine whether this point is a maximum or a minimum point. [2]

Q26.

8  The equation of a curve is yz +2xy -xX=2
(i) Find the coordinates of the two points on the curve where x = 1. [2]
(ii) Show by differentiation that at one of these points the tangent to the curve is parallel to the x-axis.

Find the equation of the tangent to the curve at the other point, giving your answer in the form
ax+by+c=0. [7]

Q27.



4 The parametric equations of a curve are

t

X=1—=e", £

y=¢c'+e’.

dy
(i) Show that —= =c* — 1. [3]
(ii) Hence find the exact value of f at the point on the curve at which the gradient is 2. [2]
Q28.
4  The parametric equations of a curve are
9
x=1+In(t-2), _v:t+7, fort> 2.
: dy (£F-9)(t-2)
) Show that — =-—F——=., 3
(i ow tha o 3 [3]
(ii) Find the coordinates of the only point on the curve at which the gradient is equal to 0. [3]
Q29.
8  The equation of a curve is
X +2xy-y*+8=0.
(i) Show that the tangent to the curve at the point (-2, 2) is parallel to the x-axis. [4]
(ii) Find the equation of the tangent to the curve at the other point on the curve for which x = -2,

giving your answer in the form v = mx + c.

Q30.

(51



()

The diagram shows the part of the curve y = %tan 2xfor0<x < %7[. Find the x-coordinates of the
points on this part of the curve at which the gradient is 4. [5]

Q31.

7  The parametric equations of a curve are

x=c¥%, y=~Ffe'+3.
dy ({t+2)
i) Show that — = -+
(1) ow tha i 3 [4]
(ii) Show that the tangent to the curve at the point (1, 3) is parallel to the x-axis. 2]

(iii) Find the exact coordinates of the other point on the curve at which the tangent is parallel to the
X-axis. [2]

Q32.

6  The parametric equations of a curve are

x=1+2sin’0, y=4tan6.

dy _ 1

e [3]

(i) ShOW that PR
sin 8 cos” 6

(ii) Find the equation of the tangent to the curve at the point where 6 = iﬂ, giving your answer in
the formy = mx + c. [4]

Q33.

1  Find the gradient of the curve ¥ = In(5x + 1) at the point where x = 4. [3]

Q34.



8  The equation of a curve is 2x> — 3x — 3y + > = 6.

dy 4x-3
i) Show that — = ——. 3
e A o= B
(ii) Find the coordinates of the two points on the curve at which the gradient is —1. [6]

Q35.

4  The parametric equations of a curve are

2
x=In(1-2f). y= 7 fort < 0.

: dy 1-2¢
(i) Show that Frie z [3]
(ii) Find the exact coordinates of the only point on the curve at which the gradient is 3. [3]

Q36.

: : sin2x : e z :
2 The curve with equation y = —— has one stationary point in the interval 0 € x < %n. Find the exact
e

X-coordinate of this point. (4]

Q37.

7  The equation of a curve is
3x2-4xy+2y*-6=0.

. dy 3x-2y
(i) Show that T -2y

[4]

(ii) Find the coordinates of each of the points on the curve where the tangent is parallel to the x-axis.

[3]

Q38.

3  The equation of a curve is y = %cl" — 5¢* + 4x. Find the exact x-coordinate of each of the stationary
points of the curve and determine the nature of each stationary point. [6]

Q39.



S The parametric equations of a curve are
x=cos20—cosB, 1=4sin’0,

for0<0<m

dy 8cos B
i) Show that — = ——. 4
() Swethn dx 1-4cosb (4]
(ii) Find the coordinates of the point on the curve at which the gradient is —4. [4]
Q40.
e
2 Thecurvey= e has one stationary point. Find the coordinates of this stationary point. [5]
Q41.
§  The parametric equations of a curve are
x=1++vz, y=3Inz
(i) Find the exact value of the gradient of the curve at the point P where v = 6. [5]
(ii) Show that the tangent to the curve at P passes through the point (1, 0). [3]
Q42.
2 Find the gradient of each of the following curves at the point for which x = 0.
(i) y=3sinx +tan2x [3]
6
(i) y= —— 3]

l+e

Q43.

7  The equation of a curve is

2x% +3xy +y*=3.

(i) Find the equation of the tangent to the curve at the point (2, —1), giving your answer in the form
ax+ by + ¢ =0, where a. b and ¢ are integers. [6]

(ii) Show that the curve has no stationary points. [4]

Q44.

10



The parametric equations of a curve are

4
x=2In(t+1), y=4e"

form ax + by + ¢ = 0. where a, b and c are integers.

Q45.

The diagram shows the curve
1

Yy =tanxcos2x, for 0 < x < 3,

and its maximum point M.

(i) Show that :l—‘ = 4cos’ X — sec’x — 2.

(ii) Hence find the x-coordinate of M, giving your answer correct to 2 decimal places.

Q46.

4  For each of the following curves, find the exact gradient at the point indicated:

(i) y=3cos2x—5sinxat (én —1).

(i) X} +6xy+y  =21at(1,2).

Q47.

3 A curve has equation
3Inx + 6xy +y* = 16.

(6]

Find the equation of the tangent to the curve at the point for which f = 0. Give your answer in the

(51

[4]

[3]
[5]

Find the equation of the normal to the curve at the point (1, 2). Give your answer in the form
[71]

ax + by + ¢ = 0, where a, b and ¢ are integers.

11



P3 (variantl and 3)
Q1.

1—Xx
The diagram shows the curve v = \/ (m)

1 dy
(i) By first differentiating ry. obtain an expression for a in terms of x. Hence show that the

gradient of the normal to the curve at the point (x, y) is (1 +x)+/(1 - x?). [5]

(ii) The gradient of the normal to the curve has its maximum value at the point P shown in the
diagram. Find. by differentiation. the x-coordinate of P. [4]

Q2.

2 Find % in each of the following cases:

(i) ¥y =In(1 +sin2x). 2]
tan x

ii = . 2

(ii) ¥ S [2]

Q3.

S The curve with equation
6e™ + ke’ +e¥ =,

where k and ¢ are constants, passes through the point P with coordinates (In 3, In2).

(i) Show that 58 + 2k = c. [2]

(ii) Given also that the gradient of the curve at P is —6, find the values of k and c. [5]

Q4.

12



2 Thecurvey= ln_:r has one stationary point. Find the x-coordinate of this point. [4]
™

Q5.

6  The equation of a curve is 3x% — 4xy + y* = 45.
(i) Find the gradient of the curve at the point (2, —-3). [4]

(ii) Show that there are no points on the curve at which the gradient is 1. [3]

Q6.

3  The parametric equations of a curve are

X=sin20-0, y=cos26+2sin6.

dy 2cos @
Show that & fom

dx  1+2sin@ 51

Q7.

2x

4  The curve with equation y = = has one stationary point.

(i) Find the x-coordinate of this point. 4]

(ii) Determine whether this point is a maximum or a minimum point. [2]

Q8.

S For each of the following curves, find the gradient at the point where the curve crosses the y-axis:
1+?
i) y=—— 3
@ 17 e= [31
(i) 20° +5xp+)° =8. [4]

QO.

4 A curve has equation y = e tan x. Find the x-coordinates of the stationary points on the curve in the
interval —%ﬂ L XL %n’. Give your answers correct to 3 decimal places. [6]

Q10.
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2 The parametric equations of a curve are

x=—" y=¢c2
TT22A+T A
Find the gradient of the curve at the point for which 1 = 0. [5]

Q11.

2 The parametric equations of a curve are

x=3(1 +sin’t), y=2cos’t.

Find % in terms of 7, simplifying your answer as far as possible. [5]

Q12.

2x

2 The equation of a curve is ¥y = =" Show that the gradient of the curve at the point for which
S

x=1In3is %. [4]

Q13.

14



The diagram shows the curve with parametric equations

x=sint+cost, y= sin’t + cos’t,
1 5
for ym <1 < 3m.
" dy .
(i) Show that —— = -3 sinfcosft.

dx (3]

(ii) Find the gradient of the curve at the origin.

(2]

(iii) Find the values of ¢ for which the gradient of the curve is 1, giving your answers correct to
2 significant figures.

(4]
Q14.
7  The equation of a curve is In(xy) —3° = 1.
(i) Show that % 2 \(31+_1) [4]

(ii) Find the coordinates of the point where the tangent to the curve is parallel to the y-axis, giving
each coordinate correct to 3 significant figures. [4]

Q15.

3 The parametric equations of a curve are

4t
xX= TTE, y =2In(2t+3).
s dy . R
(i) Express a in terms of 7, simplifying your answer. [4]

(ii) Find the gradient of the curve at the point for which x = 1.

[2]

Q16.
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l X
T 2\\' for x > —%. Show that the gradient of the curve is always
negative. [3]

1  The equation of a curve is ¥ =

Q17.

4  The parametric equations of a curve are

x=e"cost, y= e 'sint.

dy 1
Show that s = tan (t - En). [6]

Q18.

4 A curve has equation 3e™y +e%” = 14. Find the gradient of the curve at the point (0, 2). [5]

Q19.

3 The parametric equations of a curve are

3t+2
xX=In(2t+3), y= g
nH+3) Y= 213
Find the gradient of the curve at the point where it crosses the y-axis. [6]

Q20.

10

T,

9] \./

Y

The diagram shows the curve y = 10¢7* sin 4x for x > 0. The stationary points are labelled T,. T,
T,. ... as shown.

(i) Find the x-coordinates of T, and T, giving each x-coordinate correct to 3 decimal places.  [6]

(ii) Itis given that the x-coordinate of T, is greater than 25. Find the least possible value of n.  [4]

Q21.
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=

”

The diagram shows the curve (.rz + _y") = 2(.‘(2 - _\PZ) and one of its maximum points M. Find the
coordinates of M. [7]

Q22.

4  The parametric equations of a curve are

X= y= tan’t,

cos’t

where 0 < t < iz

dyv
(i) Show that E‘ =sint. 4]

(ii) Hence show that the equation of the tangent to the curve at the point with parameter 1 is
y=xsinf—tant. [3]

Q23.

2 Acurveisdefined for0 < 8 < %JI.' by the parametric equations

x=tan6, y=2cos Osinb.

dy
Show that cL_\ = 6cos’ B —4cos> 6. [5]
m
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