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Parametric Equations and Differentiation (Sheet 2)

Q1.
Questioﬂ Scheme Notes Marks
Number

x=3-4 y=5—§, >0
(a) E_:S, E:ﬁr'z
df df
-Cl J - d i
their = divided by their X to give Y in terms of ¢
dr dt dx M1
I i 2 : dy
FE 2 4t = f]\ or their d—J multiplied by their E to give > in terms of
& 3 3 & dt dx dx
-1
=5 simplified or un-simplified, in terms of ¢ See note. | Al isw
: A dx dy o (2]
Award Special Case 1" M1 if both o and " are stated correctly and explicitly.
Note: You can recover the work for part (a) in part (b).
Writes d_y in the form —— : = and writes d_y as a
() }:=S_£:;,E_ 18 18 d (x+4) .(1.:1' M1
Way 2 x+4  dr (x4 (i) function of 7.
Correct un-simplified or simplified answer, Alis
. isw
in terms of £ See note.
2]
[, 1 _ ], 5 3 5 5 3 L
dt=— =t Pl ——, =17 x= ,v=-Tor P| ——, -7 seen or implied. | B1
® 32T 2 ) i
d 2 . d
& —  and either Some attempt to substitute # = (0.5 into their id
dr (3) dx
W mn o I which contains ¢ in order to find m_ and either
-y——?—H(x——f} ] ) : ' ]
‘ applies y — (ther v} =(their m_}(x — thewr x,) | M1
o =" %"} be or finds ¢ from(their ) = (their m Htheirx ) + ¢
S0, y = (thewr m )x +"c" and uses their numerical ciny = (their m )x +¢
T: y=8x+13 y=8x+13 or p=134+8x | Al cso
Note: their x,, their ¥, and their m, must be numerical values in order to award M1 [3]
x4 G An attempt to eliminate ;. See notes. | M1
o || }rs =
Way 1 L 1 J Achieves a correct equation in x and y only | Al oe.
= V= H5— i p— y= M
x+4 x+4
S0, p= il . {x:}—ti} y= x4 2 (or implied equation) | Al cso
x+4 x+4
3]
(© , f 1% " An attempt to eliminate /. See notes. | M1
Way 2 - ¥ i 5-y B Achieves a correct equation in x and y only | Al oe.
=X +NE-¥W=18 = Sx—-xp4+20-4y =18
{_>§I b2= x4 4)} So, F__fu i 2, {x}—«i} y= =t (or imphied equation) | Al cso
x+4 x+4
I3]
Note: Some or all of the work for part (c) can be recovered in part (a) or part (b) 8
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Q2.
Question X ‘ o
Nhiber Scheme Notes Marks

x = 4ant, y—Sw/;sinlt. ()z-:{.j:<g
Either both x and y are differentiated
) ) correctly with respect to 7
@ $=4seczr.d+‘=10\/§coslt cteir & divided by their &
Way 1 dr dt or their E 1V1 vy their E Mi
s ) . dy OAEF -
dy 10J§ cos 2t 35 ) 1 or applies — multiplied by their —
= ——=———"— 4= —v3cos2fcos 1, dr dx
dx 4sec’t 2 J &
Correct a (Can be implied) | Al oe
[ s 2l 431 | 1= x|
% 3]
‘ dependent on the previous M mark
dy 103 cos (%) Some evidence of substituting M
dv  4sec’(§) t=Z or t=60" into their &
3 dx
: 5 15
5 15 w52 e
B S 16J§ x 16\/5 Al cso
dx 16 16v3 2
from a correct solution only
, [4]
(b) JIO\Ecoslt‘=0'—‘>r=/—‘rl
1 4
- !‘. ¥4 .II
At least one of either x = 4tanl ot | or
() AL AT "
So x =4tan| = | . y =5y3sin 2| 2= ( () Ml
l-"l \ l4“ y=5 Ssini ll:“ or x=4or }'=5\/§
or y=awrt87
Coordinates are (4. 5.\/'3-) (’4_ 5J’3’) or x=4y= 5\/; Al
[2]
6

]3]
BE
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Q3.
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Question Scheme
() 5 ¥
Attempts Eyzdx—d‘ Ml | L.1b
Var
dy «f3sin2t
—=——" [=24/3cost Al 1.1b
dx sint ( V3 )
(2)
®) Sabalibi e i ﬂ=M={—-ﬁ) Ml | 21
3 dx sint
) 1 [1
Uses gradient of normal = _W = E M1 21
dx
Coordinates of P = [—1,—%} Bl 1.1b
Correct form of normal y+£=i{x+1] M1 2.1
2 B
Completes proof = 2x—23y-1=0 * Al* | 1.1b
(3
(©) Substitutes x = 2cos f and y = /3 cos2t into 2x— 23y-1=0 M1 3.1a
Uses the identity cos2f=2cos’#—1 to produce a quadratic in cos? M1 3.1a
=12cos5 t—4cost—5=0 Al 1.1b
Finds cost = %,% M1 2.4
. : 5.
Substitutes their cosr =Emtu x=2cosf, ¥ =\,‘r3_c05 2t, M1 1.1b
57
= —.—.f3 Al 1.1b
Q (3' 18 J_J
(6)
(13 marks)

\_

/
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BE
Q4.
Question
NuUmber Scheme Marks
ja) x=tant, y =sint
ax _ 2(tani)sec’t, d _ cost r::-::rret:lE and gy, B1
dr de df dt
+cost M
_dy  cost |'_ cos't ] theirde | ™
" dx  Ztantsec’t 2sint ) +cost e
theirzz | A1
3]
P _
() When t==  x=1, y=31 (need values) The paint (1, | or(1, awrt 0.71) B1, B
These coordinates can be implied.
(¥ =sin(Z) is not sufficient for B1)
When r=£l mL‘:Tj :d_y= LTZ
4 dx 2tanfsec £
. .
¥ __F __F _ 1 _A2 . . .
= T o s =— any of the five underlined
2.(1L) 2-(1}!,31] 2(02) a2 & expressions or awrt 0.18 S
\F/
Finding an equation of a tangent
T y——t=_(x-1) with their point and their tangent | M1+
) FoaT : gradient or finds ¢ by using | aef
/4 y =(their gradient)x +"¢" .
T: y=-Lx+32 o y="%yxi 2 Correct simplified | A1 aef
T SR — = EXACT equation of tangent | eso
1y _ i __1 __3
DFE—E._1_I cC = C E 4—*5 m
Hence T: j-‘=4—_:EX+‘jE or y=Lx+3L
(5]
/ N
_ ) A candidate who incorrectly differentiates tan” t to give
Note: The x and y coordinates 2 p o
must be the right way round L& = Zsec’t or & =sec®tis then able to fluke the
- correct answer in part (b). Such candidates can
potentially get: (a) BOM1A14[ (b) B1B1B1M1AD cso.
MNote: c¢so means “correct solution only”.
Note: part (a) not fully correct implies candidate can
achieve a maximum of 4 out of 5 marks in part {b).

Subscribe To The Ultimate Study Tool For A-Level
Maths At ALevelMathsRevision.com/UST



Need more help with this topic? Go to ALevelMathsRevision.com for video tutorials and more! Q|8

BE
(c) ¥=tan*t = CS;;‘; ¥ =sint
Way 1
]
. 15”7_ {[ Usescos®t = 1-sin®t | M1
—sin®
¥ = y? Eliminates ‘' to write an equation |
Ty invalving x and y. |

2

x(1=y* )=y = x—xy* =y

Rearranging and factorising with

A=y v = x=yilix) an attempt to make y* the subject. it
2 X X
S Al
Y 1+ x 1T+ x
[4]
Aliter
(c) 1+cot’ t = cosec™t Uses1+cot®t = cosec®t | M1
Way 2
= Lz Uses cosec’ = — M1
sin ¢ sint | implied
Hence, .1+l _ 1ﬂ Eliminates 't’ to write an equation | ...
Xy involving x and y.
Hence, y* = 1- ! or = 1- ! = Al
: {1+ x) 1+ % {1+ x) + X
[4]

% is an acceptable response for the final accuracy A1 mark.
¥
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Q5.
gﬁ jlt)l:r = Scheme Marks
2x 27
x=t—4smr, y=1-2cost, —% S £ TT A(k_1) hes on the curve, k >0
(a) {Wheny:l}l=1-2cosr=>r=—1,£
2.°2 Sets y=1 to find 1 M1
. () __ =« (_x) and uses therr rto find x. |~
k(forx)=——-4sm{—| or x=———4sm| - —
2 \2) 2 L 2)
[ T l x 8- x
(Whentr=—-—_k>0,;s0 k=4-= or xork=4-— | Al
| 2 J 2 2 2
(2]
At least one ofd—‘ ori comrect. | Bl
dx dy dr  dr
(b) ?‘—]-=l—4cosr< E—:Zsmr = =
Both — and o are correct. | Bl
dr dr
dy 2 dy dx
So, L SRS Apples therr D divided by their =5
dx 1-4cost dr dr M1-
, y and substitutes their 7 into theirQ
’sm‘ 3 dx
. e |
r dy \ 2
Att=-—, — =20+ —"— ' =-2 dy
2 dv ( &) Correct value for —of -2 | Al
1-4cos| — — | dx
L 9)) a0 cso
(4]
, 2smnt 1 dy 1
(c) e T Sets their — = -— | M1
1-4cost 2 dx 2
gives 4sin? —4co0sr = —1 See notes | Al
So 4«/55111{ r—% ’.=-l or —4\5«)«)1 r+% t.=—1 See notes | M1: Al
r—sm“‘ . \+£ or r—cos"‘lrL\—l S tes | dM1
= 4\/-51 1 T 4\}3} 1 €€ notes
t = 0.6076875626... = 0.6077 (4 dp) anything that rounds to 0.6077 | Al
[6]
12

Question  Notes
VERY IMPORTANT NOTE FOR PART (¢)
(c) NOTE | Candidates who state r = 0.6077 with no mtermediate working from 4sint — 4cost = -1

will get 24 M0, 2*¢ A0, 3 M0, 3™ A0.

' ‘ 7 )
They will not express 4sinf — 4cos? as erther 4\/Esin: r—% ] or —J\ﬁws( r+% )' ?
OR use any acceptable altemative method to aclueve ¢ = 0.6077

NOTE | Altemative methods for part (¢) are given on the next page.
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Q6.
Question Scheme Marks AOs
(a) 3 ch 2
Vv =cosec’d = ——=—3cosec PcozsecHcotd B1 1.1b
s
dv dy dx
A Wil M1 1.1b
dx df@ d&
ﬁ _ —3cosec &cot & Al 116
dx 2cos28
(3)
(b) ‘1'=3:>cosec:‘f?:g:}sm;é':%:}sinﬁ':é M1 3.1a
—3cosec’ (E Icotfi ]
e ZE:}E _ \ 6 A \ 6 S _
6  dx o f2x)
2cos| —
or
M1 2.1
-3 cosf —3x8x—L2
L & oo %
sin@———>»_—2 _Sin G snd _ /2
- - 32 i A
2 dx 2(1-2sin 15’] 2|l—2<l|
| 4 )
— 243 Al 2.2a
(3)
(6 marks)
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Q7.

Question ; e
Number Scheme Marls
 Note: You can mark parts (a) and (b) together. ..

(a) x=4f+3, ;r=4r+8+qi

e Both —=4 of—=— and 2 =4-_" |BI

dr | M1
di 0.8

....................... T
[{Whent=2.} E=; — or 0.84375 cao | Al
dr 32 32

.................................................................................................................. B

7. simplified or un-simplifed. | B1

—*=id:ﬁ. A=0,u0=0 | M

{(Whent=2,x=11} Z==_ =1 or 0.84375 cao | A1

T

- “-a‘- 3 : cﬂ]"l'f'sll.ﬂll 1lEtIlnd ............................................................................. e
dy  (2x+2)(x—3)—(x’ +2x—3)
dr (x—3)

dy
g simplified or un-simplified. | Bl

Correct expression for

e oy d_‘l=M
U | dx (x-3)° |

|— {1- _ 3}: | i
where f{x)=their "x" +mx+5", g(x)=x-3

dy 27 27

{Whent=2.x=11} === ~— or 0.84375 cae | Al

[2]

r—"l_3:>'>1'—4lx_3‘|+8+ 3 mi i
) 3 ' [—a- | T,.I_j-, Elllll.J.llﬂt.E'S !‘tCI-aCIlI.E"..E.‘. M
o 2| T an egquation in only x and )
....................... 11:}
v=x-3+8+
x-3

S G- +§{x—3] 10 3= (r—3)r—3)+ 8(x—3) < 10
~

. (x+3)x-3)+10 or v {(x+3¥x-3) N 10

See notes | dM1

or
x-3 ' x-3 x—3
_ Correct algebra leading to
X +2x-5 _Yand b5 X edr—5 Al
SFs T3 =, =3 po X Y3 a—2amdb——5 |
’ x-3 cz0

(3]
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