A-Level Year 1: Differentiation

Inspired Learning

1 . l _1
4v 5 k? or 2x2 5k 2 (k a non-zero constant) M1
s
12x%,+x 2...... (-1-0) Al. AL Bl (4)
4
2.
Question Scheme Marks
Number
(lﬂ f(x)=3x"+6x Bl
: MI. Alcao
I"’(x)=6x+6
(x) 3)
Notes  cao = correct answer only
1(a)
Acceptable alternatives inclujde Bl
W+ 6x: 3T +3x2n 3 +6x+0
dy d’y
Ignore LHS (e.g. use [whether correct or not] of dx and dxlj )
3x'+6x+c or 3x+6x+ constant (i.c. the written word constant) is B0
M1 Attempt to differentiate their £ ‘(x): x" — 2" . M1
x" = x" ! scen in at least one of the terms. Coefficient of x ignored for the method mark.
x* —> x'and x - x° are acceptable.
Acceptable alternatives include Al
6x! +6x%  3x2x +3x2 cao
6x+6+¢ or 6x+ 6+ constantis AQ

3 i) ] 4 X
y=6x+4x 2 +5x Bl | ——=4x 2 soi
dy 5 2 M1 i
— =18x"-2x2+5 Al Attempt to differentiate, any term correct
dx Al Two correct terms
[4] Fully correct, no “+c”
i) d2y 5 M1 dy Any term still mvolrmg  x correct—
—5 = 36x+3x 2 E Attempt to differentiate thew —— follow through from ther expression for
clx i X the M mark onty
-:] cae www in either part
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A-Level Year 1: Differentiation

4. Question Answer Marks Guidance
) —10x° isw Bl |for—10 if BOBO then SCI for —3x2x " or
Bl |forx*® better soi
ignore + ¢ and y =
_ 2]
(i) y=x% so1 Bl condone }='=x~;§ if differentiation follows
- M1 | fi their fractional n
%ﬁ il Al |ignore=candy= allow 0.333 or befter
13
5. @ () =& + 2x
fi(x)=—12x7 +2 Ml ko obtained by differentiation
Al -1~ ISW incorrect simplification after
correct expression
Bl 2x correctly differentiated to 2
[3]
(i) £(x)=3627" M1 Attempt to differentiate their (i) i.e. at least Allow constant differentiated to zero
one term “correct”
Al Fully correct cao ISW incorrect simplification after
No follow through for A mark correct expression
121
6 T g i o M1 iy 1 oy Lo o Look out for:
y=>5 —31’ +X X" nsed for = ORx usedfor;scu__ J,-‘=5x_2—41'_1+xfo]]x}wedby
OR Ly diffe iated y 3
dv e Aengmeny v ﬂ =—10x7° +4x7% + 1 and then the comect answer.
= =10 +—x? +1 dx
ax 4 Al b or x~? from differentiating This is M1 A1 A1 AD
Al Two fully correct terms 4x7! is NOT a misread
Al 4 Completely correct
@ 4 ¥ _30xt - 1 P Ml Attempt to differentiate their fl—‘; (oneterm  Allow a sign slip in coefficient for M mark
dx” 2
correctly differentiated)
Al é Completely correct NB Ouly penalise “+ ¢ first time seen in the question
7 2 2
. . Ix+h)y =3x
Considers . Bl 2.1
B 2 2
Expands 3(x + k)" = 3x"+ 6xh + 3h M1 1.1b
¥ a
. 6xh+3h bxdx + 3(dx)
So gradient = =6x+3h or =b6x+35x Al 1.1b
ox
States as i — 0, gradient — 6x s0 in the limit derivative = 6x * Al* Z 5
(4 marks)
2
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A-Level Year 1:
8.

Differentiation

(a)

CEbE2=r - 1412

Attempt to multiply out the
mumerator to get a cubic with 4
terms and at least 2 cormrect

M1

-3+ 4x-12 ¥ 3

Iy p.

M1: Attemipt to divide each term
bv 2x. The powers of x of at least
two terms must follow from their
expansion Allow an attempt to
multiply by 2x!

——=x+2-6x"
2

Al: Comrect expression. May be
un-simplified but powers of x must
be combined

e X
€L 7ﬂ0’f ﬁ

MIAI

ddMl1: x" - x""or 2 =0
Dependent on both previous
method marks.

Al: I—§+iﬂﬂ and isw
LA =
b 2x
Accept 1x or even 1x but not —

and not x". If they lose the previous
Al because of an incorrect
constant only then allow recovery

here and in part (b) for a correct
derivative.

ddM1Al

(b)

Correct value for y

Bl

M1: Substitutes x =—1 mto their
expression for dy/dx

Al: 350ecso

MI1Al

y—"10"="3.5"(x—-1)

Uses their tangent gradient which
must come from calculus with
x=—1and their numenical y with a
correct straight line method. If
using y = mx + ¢, this mark 1s
awarded for correctly establishing a
value for c.

M1

2y—Tx-27=0

tk(2y—Tx—27)=0cs0

Al

(3)

(10 marks)
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9.

. 1 6
P(4.-1) lieson Cwhere f'(x)=—x—-——=+3. x>0
20 Jx
; 1 6 <
f(4)=_j(4)__+3;=b MI1: Al
Sl
T: p—-1=2(x-4) dM1
T: y=2x-9 Al
[4]
dy 3 M1
10. [;1=]32x’ c.a.0.
dx
oL R . . dy
substitution of x = %2 in their — M1 4] miistsee o
hx
grad normal = 4 M1 their 4 must be obtained by caleulus
theird
whenx=%.y=4%o0.¢. Bl
" . — 43
y—4i=—1G-Disw Al | y=—gx+43 o=
11 dy - M1 | Aftempt to differentiate (Le. kv seen) “+ 07 is AD
° ——=—12x Al C t deri .
dr A orrect derivative
Whenx=2 & _i Al Comect value of d'_1 Allow equivalent
: dx
fractioms.
o R ) BLFT | Follow through their evalnated ? Miist b procemed cooectly
3 x
7 Bl Ceoarect y coordinate, accept equivalent forms
Whenx=2, y=——
o : ) Ml Cormrect equation of straight line through (2.
e +E_E{I__} thewr evaluated ¥J), anv pon-zero gradient
4x—6y—=29=10 Al Correct equation 1n required form 1.e.
k{dx — 6y — 299 =0 for infeger k. Must have
[ | =0
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12. Solution Mark | Total Comment
B1
Gradient of the line 3y —2x=1 1s % (Gradient) % seen or used. Condone 0.66,
: 2
0.67 or better for —.
dy _ 1 oy . o %
E; Ex Bl Correct differentiation of x-
2 M1 ,
At A, %x 05 == c’'s d expression = ¢’s numerical
gradient of given line.
4[ 9 3) Al Correct exact coordinates of 4
1674
Al 5
Eqn of tang at A: y—%:% % J ACF eg y:%x+§ oreg 3}'—2x=§
must be exact
Total 5
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A-Level Year 1: Differentiation

13.

Solution Mark | Total Comment
B1 g : £ o
e Lz =x ". PI by its correct derivative
x° x
1 dy . Ml . . : 1
(y=—+4x) (=) -2x"" +4 Correct differentiation of either —- or 4x
i dx x°
Al d
3 Correct ol ACF
dx
When x=-1 L . 2A-D32+4 (=6) Attempt to find the value of & when x=—1
R = M1 emp 1 e e x
. ml Correct use of mxm'=—1, with ¢’s value
Gradient of normal = — — dy
of & when x=-1
(Eanotacitul) 543 —l(x +1) AlF 3 A correct ft equation for normal with signs
6 PO , dy s e
simplified; ft on ¢’s E expression in (a)
. dy ]
SC —= const in (a), mark (b) as MI1AIF
dx
eg ford—y=4 in (a); grad of normal= -l
dx ‘ 4
(Ml),eqn y+3 = -%{x +1) (A1F)
—2x +4=-12 M1 C’s answer to (a) equated to —12 (or to 12)
seen or used.
=8 AlF Pl Correct rearrangement of
ax" +b=+12 or ——+b=+12 OE to
-
form x™" =g orto form x" = p, but only
ft in case of n positive
x=0.5 Al x=0.5 OE
When x=0.5, y=6 AlF Correct ft y coordinate from y=x. * +4x,.
Only ft if values are exact.
(Eqn of tangent) y -6 = ~12(x-0.5) Al 5 Correct tangent equation ACF
(or eg y= ~12x 412 ) App[}‘ ISW after ACF
Total 11
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A-Level Year 1: Differentiation

14. @ y=3-5 Ml
their y" =0 M1
3 .
(1.3, —4.3) cao Al or Al for x=+ ; oe sol
(= 1.3, 4.3) cao Al allow if not written as co-ordinates 1f
pairing is clear
[4]
(ii) crosses axes at (0, 0) Bl condone x and y intercepts not written as
co-ordinates; may be on graph
and ( iv’g L0) Bl +(2.23 to 2.24) implies £V5
sketch of cubic with turning points in correct Bl
quadrants and of correct orientation and
passing through origin
x-intercepts £V5 marked Bl may be in decimal form (£2.2...)
[4]
(iii) substitution of x=1in f'{x) =3*-5 Ml
- Al
y——4=(theirf (1)) * (x = 1) oe MI* |or—4=-2x(1)+c
—2x -2 =x"~ 5x and completion to given MIldep*
result www
use of Factor theorem in x' — 3x + 2 with M1 or any other valid method; must be shown
-1 or+2
x = — 2 obtained correctly Al
[6]
1 5 £=Il —gy Bl x" from differentiating first term
dx
Ml | o
Al —0x7 (mo+6)
Gradient of line = § Bl
I_Ox =8 dy 3 . Note: If equated to +/-1/8 then MD
x * Ml Equate ther E}tu & (or thewr gradient of bt st ML sail o
R dependencies are available
v -8x"-9=0
P —8k—-9=0 *M1 | Use a comect subshtution to obtamn a 3 term | If no subshtuhon stated and
quadratic or factonse mto 2 brackets each treated as a quadratic (e.g
contzining x° quadranic formula), no more marks
untl square rooting seen
(k=Fk+11=0 DM | Comect method to solve 3 term quadratic — SC: If spotted after first five
dependent on previous M1 marks-
(3, 12) Bl
k=9 (don’t need k=—1) Al | Noextras (-3,-12) B1
Justifies exactly two solutions B3
x=3, -3 DML | Attempt to find x by square rooting — accept
one value
ry=12, -12 Al No extras
[14]
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A-Level Year 1: Differentiation

16.

For first B, left end of curve must finish below x

1o axis and nght end must end above x axis. Allow
Bl =ve cubic with 3 distinet roots shght wrong curvature at one end but net both ends.
Mo cusp at either ftwrning point. Mo straight lines
(0, 3) labelled or indicated on y-axis drawn with 2 ruler. Condone ([, 3) a5 mammum
El <
(0.3) = point. _
FAmES Bl -3,0, (L, 0)and (1, 0) Iabelled or indirated on 5~ 19 £3in second and third B marks, there must be an
ol (1 0] 3 2 attemnpt at a curve, not just points on axes.
3] (. axis and no other x- intercepts Final B1 can be awarded for a negafive cubic.
i) 2 +Sx-3,x +2x-3, 22" —3x+1 Bl Obtain cne guadratic factor (can be unsimphfied) Alternative for first 3 marks:
A -(lu:2 +5x-3)x-1) A1 Attempt to multiply a quadratic by a linear factor Attempt to expand all 3 brackets with an appropnate
I+ I Bx+ 3 Al number of terms (including an ¥* term) M1
dy . ALl Attempt to differentiate (one non-zero term Expansion with at most | incomect term Al
I 6x" +6x—-8 comrect) Comect, answer (can be unsimplified) A1
X . Al Fully correct expression www Allow if done in part(i) please check.
s, Slns Lot e 6 Confims gradient=4atx=1**AC
... ‘Gradientofi=4 Bl Mzy be embedded in equation of line
(i) On curve, when x=-2, 3 =135 Bl Comect ¥ coordmate
y=15=4x+2) M1 Comect equation of line using their values M mark is for any equation of line with any non-zero
¥ =dx+23 Al 4 Comect znswer in correct form mumerical gradient through (-2, their evaluated 37)
v Attempt to find gradient of curve when ALl Substitute x = -2 into their 9% Altermatives
2 =.2 & 1) Equates equation of [ to equation of curve and
= +6(-—-8=4 3 : by ] attempts to divide resulting cubic by (x + 2} M1
s:.:lm)e 5a :i )Em - Y Obtains (x = 2 (2x = 3) (=0) Al
e Al 3 Comect conclusion Concludes repeated root implies tangent atx = -2 Al
16 1) Equates thewr gradient function to 4 and uses
correct method to solve the resulfing quadratic M1
Chtains (x + 2} x - 1) =00z Al
Comectly concludes gradient =4 whenx=-2 Al
17. . dy
(Increasing =) — >0| . _ _ _
(a)(i) dx either Ml correct interpretation of y increasing
5 .
206 —-6x —-16>0
= 6x"-20x+16<0 must see at least one of these steps before
or (2) (10x-3x>-8)>0 final answer for Al
¥ 2 ;
= 3x" - 10x+8 <0 Al 2 CSO AG no errors in working
correct factors or correct use of quadratic
(i) | (3x-4)(x-2) MI , 2 10++/4
equation formula as far as ———
6
4 8 12 g
CVsare — and 2 condone — and — here but not in final
3 Al 6 6
line
4 5 | | . .
- | I Ml sketch or sign diagram
3 4 2
4
§<x<2 Al 4 or 2>x:>§
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b)) | x=2 ; [E}— =J 40-24-16 Ml sub x =2 into & and simplify terms
dx dx
% =( = tangent at P is parallel to Al 2 must be all correct working plus statement
the x-axis
- d,‘l»’ 2 % y
(if) | x=3; — =20x3-6x3"-16 MI must attempt to sub x=3 into —
dx dx
(=60-54-16) = -10 Al
Gradient of normal = & AlS .
10 "their —10"
Normal: (y— —1) = "theirgrad'(x - 3) ml normal attempted with correct coordinates
used and gradient obtained from their %
™
value
Sl :L{x-—JJ Al any cu‘rrc::l.lurm, eg 10y=x-13 but
10 must simplify — —to +
(Equation of tangentat Pis ) y =3 Bl
x=43 Al 7 CSO; = R (43,3)
Total 15
18. Lia) Substitutes x =2 into ¥ =20—4x2 -4 and gets 3 Bl
dy 18
e M1 Al
dx &
: dy (1 £ :
Substitute x=2— i l 3 then finds negative reciprocal (-2) dM1
r S
Metheod 1 Method 2
Statesor uses y—3=-2(x-2) or Or: Check that (2, 3) lies on the M1
y=-2x+ ¢ with their (2. 3) line y=-2x+7
Deduce equation of normal as it
to deduce that y=-2x+7 * has the same gradient and Al*
passes through a common point
(6)
(by | Put 2{}—41—E=—21+? and simplify to give 2x" —13x+18=0 M1 Al
X
Or put y=20—4{?;}.]— ?1_3}-1 togive » —y—6=0
7 1]
(2x-x-2)=0s0 x= ofr (y—3)(y+2)=0s0y= dM1
9
r=5..}'=—1 Al Al
()
{11 marks)

www.Inspired-Learning.org
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19.

Differentiation
5(a) Bl For either 6 or 6x”
3
i A M1 Ax? | 4#0 OE
dx
I
Al 3 6-3x2 or 6—3\1’; with no “+¢’
[If unsimplified here, Al can be awarded
retrospectively if correct simplified
expression is seen explicitly in (b)(1).]
(b)(i) 1 o s MY
6-3x2 =0 M1 Equating ¢’s E to 0 PI by correct ft
rearrangement of ¢’s dy/dy=0
1 1
xt=2=x=2 ml x2 =k (k=0), tux=kJ.Plbycnrrect
value of x if no error seen
M(4, 8) Al 3 | SCIf MO award B1 for (4, 8)
(ii) | Eqn of normal at M is x = 4 BIF 1 Ftonx=c'sxu
e)(i Y dy 9
©® Whenx =—, ﬁ=f)—3»:i<3=E M1 Attt:mplmﬁnd;lwht:n XxX=—
4 dx 2 2 dx L]
Gradient of normal at P = —% ml mxm=-1 used
9
Eqn of normal: }*—E=—E[.‘I——) Al s - <
4 3 4 ACFeg y=——X+—
3 4
12y -8l =-8x+18 = 8x+12y=99 Al 4 Coeffs and constant must now be positive
integers, but accept different order
eg 12y +Bx=99
(ii)
Bd)+ 12y =99 Ml Solving ¢'s answer (b)(11), (must be in
form x = positive const), with ¢’s answer
{c)(1). Pl by correct earlier work and
correct coordinates for R,
67 . 67
Rl 4 — Al 2 Accept 5.58 or better as equivalent to —
12 12
Total 13
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dy Al ’ e
} o _6-2 Astarmpt to differenfiste =
20 ol d = Al Comrect expression cao Cme comrect non-zeno tenn
Whenx= 5, 6—2x=—4 ML Substine x=ii|m:-ﬂ:n|:%
Whenx=35, y=12 Bl Comect ¥ coordinate
y-12=—4x-3) an Correct equation of straight line through Allow y-12 their pradi
{5, their y), their non-zere, mmerical =5 gradient
Husing y=mx + ¢ nmst att=mpt st evahafing ¢
dxr+y-32-0 Al % Shows marrngement to comrect form Allow any cormect forme.g. 0 = 2y +8x — 64 atc
g O EpmE0) Blft # From line in (1)
— (5+8 12+0 (x, oty )
Midpoias of PO = | 25 T+] il Uses | Lﬁx’% | o.e. for their BQ
ey 5 13 123
(13 Dcrn.utac:Epllr—.—_
"._T’ﬁ J e iz 2]
) §_2=0 ML Sofosum of e dx-ﬁ a) attempts conmletion of square with + (x—3)°
i 5 B &) attenpts to solve quadratic (usual schems) and to
(Line of sym=nesy is x =3 AL 2 find the mid-point of e two 100t
Allow Som +]16 - (x— 3, = [§-2x=0] ) aftempds o use x--i(a]]nrwunesigus]ipm
la
substinmion)
@) x=3 Al x = their3 ar x> their3 OR attenpt to May solve = 0 then use ' < 0 implies merimm
solve their &= 0 e ar
dr point for the method mark, or sketch of cEve
Al 2 AllowSom={16—x— 3L =[f-2r=0] Alow x=3|
M i)
21 o @ M1 A differentiate +
. (i) —=6-2x ttempt to differentiate + y o ; i
dx Al Correct expression cao et S
Whenx= 5, 6-2x=—4 Mi Substitute x = 5 into their 9.
dx
Whenx=35, y=12 Bl Correct y coordinate
y-12= —4(x - 5) M1 Corrccl. Equalim_l of straight line lhlruugh Allow 2= 2 = their gradient
(5, their y), their non-zero, numerical x=3
6 gradient If using y = mx + ¢ must attempt at evaluating ¢
4x+y-32=0 Al Shows rearrangement to correct form Allow any correct forme.g. 0 = Zy +8x — 64 etc.
i Q is point (8, 0) Bt ft from line in (i)
u
0L 5+8 12+0 X, VAV,
Midpoint of PQ = [T, 3 J Ml Uses (E%,% o.e. for their P,Q
13 12
i E 6 Al Do not accept | —,—
=37 3 2°2
Mi Solilion o e dy 0 Alternatives for Method Mark
M) 6-2x=0 0 a) attempts completion of square with + (x - 3)°
: . ; B Al 2 b) attempts to solve quadratic (usual scheme) and to
(Line of symmetry is ) x = 3 ; find the mid-point of the two roots
Allow from {16 - (x - 3], + [6 - 2x=0] ¢) attemplis to use x = w2i(allow one sign slip on
a
substimtion) o
[iv) x<3 M1 x < their3 or x > their3 OR attempt to May solve 49— 0 thenuse 4°7 <0 implies maximum
solve their >0 dx dx?
dx point for the method mark, or sketch of curve
Al 2 Allow from £[16 — (x - 3)’], £ [6 — 2x = 0] Allow x<3
13 in (i)
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A-Level Year 1: Differentiation

22. 3(a dr E 3 M1 one of these terms correct
(@) de ) 4 Al 2 all correct (no + ¢ etc)
r F
(b)i) | t=1= % = %— 3 Ml substituting =1 into their %
1 . dV
= - 21 Alcso 2 (-2.25 OE) BUT must have d—l:orrecl
Iy
dr . .
. ) ) must have used in (b)(1) or starts
(ii) | Volume is decreasing when = | dr
again
di{ﬂ El1/ 1 must state that dlc:(} (or —2—]—<Detc}
because P P i
ft increasing plus explanation
i
if their ﬂ >0
dr
. dr 3 . :
(e)(i) i 0= i 3=0 Ml PI by “correct” equation being solved
2 G . dV
=> =4 AlS obtaining 1" =k correctly from their ™
=2 Alcso 3 withhold if answer leftas r = +2
&’V 3 ) ) . | %
o —=|= B1, (condone unsimplified) ft their —
(ii) [ i J 3 dr
When =2, u =3 or Q >0 M1 ft their ﬂ and value of ¢ from (c)(i)
dr dr’ de”
=> minimum Alcso 3
Total 11
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A-Level Year 1: Differentiation

d}’ 4
i —=| 5x" —-6x+1
@) [ = )
e dz}’ 3
{[]) [§ =] 20 -6
(b) | x=-1 ::»EZ: 5(-D*-6(-1)+1 (=12)
dx
= y=12(x+1)
dy
¢)| x=1l=>—=5-6+1
(¢) e
g 0 = stationary point
dx
d’y
when x =1, ‘{ =14
=> (8 is a ) minimum (point)
24. 6x* + 18x— 24 Bl
their 6x* + 18x - 24=0o0r>0o0r 20 Ml
—4 and + 1 identified oe Al
x<—4andx>1 cao Al
14]

M1
Al
Al

B1/

M1

Alcso

M1

Alcso

El

orx<—4andx>1

one term correct
another term correct
all correct (no + ¢ etc)

FT ‘theirr &

dx

must sub x =—1 into 'their' _c_iz_
dx

any correct form with (x——1) simplified
condone y=12x+¢, c¢=12
sub x =1 into their L
dx
shown =0 plus correct statement

4y _20-6>0
dx_

or
=> (B is a) minimum (point)

dy d’y

and — for El
dx”

must have correct

or sketch of y = 6x” + 18x — 24 with
attempt to find x-intercepts

if BOMO then SC2 for fully correct

answer

www. Inspired-Learning.org
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A-Level Year 1: Differentiation

25.  6(a) 0s !
. Fosor 5 3
Jx B1 Jr=x or Jx=x? seenorused
12+x3Vx _ 12+4x%°
X X
= 19 4 £'5 Bl 12x~" or p=-1
3
Bl 3 x"* or qu (=1.3)
(b)) | dv 1252 B1F Ftone’s ponlyifc’s pisanegative
o integer
05
+1.5x BIF ) Ftonc’s gonlyifc’s g isa pos non-
integer
(ii) | Whenx =4, y=11 Bl
;=12 9 dy
When x =4, 2l n3= M1 Attempt to find — whenx=4 Pl
de 16 4 dx
; r - 4
Gradient of normal = — = - wscmbe— 1 uned
Eqn of L y=11= 4( 4)
qn ol normal: y — M—E X = Al 4 ACF eg 4x+9y =115
iii = dy 5 X : . dy
) AtStPt ==-12x"2 +1.5x" =0 M1 Equating ¢’s — to zero.
dx dx
5 2 1
=>xx" =8, = x?=8 = x=8° Al A correct eqn in the form x"=c or x=¢"
correctly obtained.
2 8 L
= x=(2%) = x=2° Al 3 CSO x=27. All working must be
correct and in an exact form. If ‘x=0"
also appears then A0 CSO
12
@ d = : : = o F
—=6x+6x , - e yY¥=1
26_ 6x+6x~" A1 Attempt to differenfiate (one non-zero term correct) NB —x = -1 {and therefore possibly 3 = 7} can be
dx . Al Completely correct found from squatng the meormect diffarential
b AL Sats their W _ g %=6x+ 6 to 0. This could score MIAD MI1A0AL £t
ax
x=;l Al Correct value for x - www
oz Al f¢ 5 Comectvalue ofy for their value of x 1£ mors than one valus of x found, allow AL ft for
one corect value of v
(i) ‘;:J =6-12x7 Al Conect method e.g. substitues theirx from () 50 Alow comparing signs of their 2 either side of their
HEII% (mmast imvolve x) and considers sign. “_ 17 comparing values of y to their 7"
When x=— d—J =0 so minimum pt Al ft ft from their % differentiated comectly and comrect S('%:amnﬁtﬂcuﬁmﬂyu‘:ﬁnﬂdﬁnmﬂmh

substitution of their value of x and consistent final
conclusion

NB If second dertvate evaluated, 1t must be comect
(18 for x=-1).

If more than one value of x used, max M1 AD

% and correct conchizion (ft) B1
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A-Level Year 1: Differentiation

27 (1) dy E M1 Attempt to differentiate (one term cotrect) “+C71s AD
. & 4 +32 Al Completely correct
4 +32=0 M1 Sets their %:0 (can be implied)
x==2 Al Correct value for x (not £2) www
y=—48 A1 FT | Correct value of y for their single non-zero eg (2,80), (4. 384), (—4.128),
value of x (8. 4352), (— 8, 3840)
[5]
(ii) d*v . M1 Correct method for determining nature of a e.g. evaluating second derivate at
dlv" =12x" stationary point — see right hand column x="-2" and stating a conclusion
When x=-2 d_-t >0 so minimum pt e Ay crmeekinr = doly Evaluating %either side of x ="-2"
[2] Evaluating y either side of x="-2"
(1d1) x>=-2 B1 ET | ft from single x valoe in (i) consistent with (ii) | Do not acceptx = -2
1]
28. y 1. ‘
(a) = L 2x—16x 2 M1 Al
X
1 3 3 1
2x-16x 1 =0= x*=,x2= |or 2x—=16x ? then squared then obtam r=
: M1
[or 2x —16x ? =0 = x =4 (no wrong work seen)]
(x =8 =)x= 4 Al
x=4,y= 4° —32/4 + 20 = — 28 (ignore y = 100 as second answer) M1 Al
(6)
d*v 53
:b) J-: =% 24 8x2 M1 Al
dy-
d*y : o : ]
(—= >0 =)y 1s a puninmm ( there should be no wrong reasoning) Al
)
9]
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A-Level Year 1: Differentiation

29. d 12 Ml: x" - x""
Ly 4 : !
(a) E=_3+x_40r_3+12x (x »>x orx —x or6—0) M1 Al
Al: Correct denvative
y" =0 and attempt to solve for x
dy 12 A
—=0=-3+—/=0= x=...or | May be implied by
dv i dy 12 12 M1
dy 12 —=-3+—=0=>—=3=x=..0r
i ==34+— dx x x
X
JE Substitutes x = VE into their y’
So x*=4and x= \'{EDI' Correct completion to answer with no
dv 12 P errors by solving their "' =0 or
Z = 3+——or-3+12(v2) =0 ¥ . > ' Al
dx (.JE] substituting x = -J'i into their ¥
“4)
(b) ] Awrt -1.41 Bl
(1)
d’y 48 : ; it s
(©) _}1 ST e Follow through their first derivative B1ft
A2 & from part (a)
()]
An appreciation that either
(d) y" > (0 = a minimum B1
or y" <0 = a maximum
Maximum at Pas y" <0 Cso Bl
Need a fully correct solution for this mark. "' need not be evaluated but must be
correct and there must be reference to P or to VE and negative or < () and maximum.
There must be no incorrect or contradictory statements (NB allow _}‘” = awrt-8 or -9)
Minimum at Q as y"" >0 | Cso Bl
Need a fully correct solution for this mark. "' need not be evaluated but must be
correct and part (b) must be correct and there must be reference to P or to —\IE
and positive or > () and minimum. There must be no incorrect or contradictory
statements (NB allow _1-'” =awrt 8 or 9)
| @)
[9]
16
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A-Level Year 1: Differentiation

30. dy

M1 one of these terms correct
1(a) | — =18+6x—12x Al another term correct
dx Al 3 all correct (no + ¢ etc)
(penalise + ¢ once only in question)
g theis L= 0. PI%
(b) 18+ 6x—12x2 =0 M1 putting their E =0, y attempt to
solve or factorise
6 (3-2x)(x+1) (=0) ml attempt at factors of their quadratic
or use of quadratic equation formula
x=-1, :t'=E OE Al 3 must see both values unless x =1 1s
2 verified separately
If M1 not scored, award SC Bl for
verifying that x=-1 leads to & =0 and
dx
a further SC B2 for finding x= % as other
value
2 SR W -
©)i) % - 6 24x B1J FT their i but 5 must be correct if 3
marks earned in part (a)
When x=-1, dw}: 6-(24x-1) Ml Sub x = -1 into ‘their’ d—J:
dx” x
d’y
—==130 Alcso 3
dx.
(ii) | Minimum point EIV 1 must have a value in (¢)(i)
FT “maximum” if their value of %;_1,- <0
Total 10
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A-Level Year 1: Differentiation

(i) dy _ > M1 Attempt to differentiate, at least two non-
31' E—ﬁx—2ax+8 Zero terms correct
Al Fully correct
y ) These M b ded in eith
Whenx =4, :‘_—1= 104 — 8a M1 Substitutes x = 4 into their % or::re i i b i
dy y e Mi cprziscs s AP . ,
—= Ogivesa=13 Sets their —to 0. Must be seen
51
(ii) d’y _ M1 | Correct method to find nature of stationary | Alternate valid methods include:
Y =12x-26 point e.g. substituting x = 4 into second 1) Evaluating gradient at either side
derivative (at least one term correct from 1
their first derivative in (i) ) and consider the of 4(x > 5 )e.g.at3,—16at5,28
sign 2) Evaluating y = — 46 at 4 and either
1
sideof 4 (x > E) e.g.(3,-3N,(5,-
33)
_ g d%y v aea Al | www If using alternatives, working must be
Whenx =4, Fel >0 so minimum 12] fully correct to obtain the A mark
(iii) 6x' —26x+8=0 M1 | Sets their derivative to zero
BGx-1D(x-4)=0 M1 | Correct method to solve quadratic (appx 1) | Could be (6x — 2)(x—4)=0
x—l Al oe or(3x—1)2x-8)=0
i 3]
3
32. 2(a) dy 4 _ M1 one of these terms correct
di 8 Al 2 all correct (no + ¢ etc)
y dy 4 . . dy
b)ij | t=1l=> —=—- Ml Correctly sub #=1 into their =
dt 8 dr
=]l Alcs Q d-], 3
3 cso 2 must have d—corrcct ( watch for 1 etc)
I
dy . :
(ii) d_v <0 must have used d_} in part (b)(1)
di {

3 4
(©)(i) [d—;=] padan

= (height is) decreasing (whent=1)

dy
must state that “— <0” or“-1.5 < 0"

ElV/ | dr

or the equivalent in words
FT their value of 3—'} with appropriate
!

explanation and conclusion

M1 Correctly differentiating their Z—;

even if wrongly simplified

Both derivatives correct and simplified to

Alcso 2 4

(i)

= minimum

El/

FT their numerical value of {:iTl from

part (c) (1)

Total
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A-Level Year 1: Differentiation

33. @

34, ©

y=—X -3 +dx—kx+k M1 Attempt to multiply out brackets Must have =x" and 5 or 6 terms
Al Can be unsimplified
dy B o Bigiedbonl M1 Attempt to differentiate their expansion If using product rule:
FEn Al (MO if signs have changed throughout) Clear attempt at correct rule M1*
dy dy Differentiates both parts correctly Al
Whenx =-3, P 0 MI* | Sets E} =Y Expand brackets of'?soth parts *ng
DMI1* ) ) dy
Substitutes x =—3 into their o 0
=27+18+4-k =0 Then as main scheme
k=-5 Al WWW
171
(ii) dy Alternate valid methods include:
B —6x-6 Ml Evaluates second derivative at x =—3 or other | 1) Evaluating gradient at either side
fully correct method of -3
2) Evaluating y at either side of =3
&y . - ) . No incorrect working seen in this part i.e. if 3) :‘.mdf‘n & ut?er ll‘!ﬂ'l;_l'lg poit Egldr
When x = -3, —=- is positive so min point Al | second derivate is evaluated, it must be 12 | StAUN8 "negative cuble so min belore
(Ignore errors in & value) Hax
2]
(iii) -3x* - 6x+9=9 M1 Sets their gradient function from (i) (or froma | Allow first M even if & not found but
restart) to 9 look out for correct answer from wrong
working.
Ix(x+2)=0 Al Correct x-values SEE NEXT PAGE FOR
x=0o0r x=-2 ALTERNATIVE METHODS
Whenx =0, y=-9 for line M1 One of their x-values substituted into both Note: Putting a value into x +3x'—4=
y=-5 for curve curve and line/substituted into one and 0 (where the line and curve meet) is
verified to be on the other equivalent
Whenx=-2,y=-27 for line M1 Conclusion that x = =2 is the correct value or
y=-27 forcurve Second x-value substituted into both curve If curve equated to line before
and line/verified as above differentiating:
x==2,y==-27 Al x==2 y=-27www (Check k correct) MO0 AD, can get MIMI but A0 ww
151 Maximum mark 2/5
X =37+ 5x+ 27— 6x+ 10 M1 Attempt to multiply out brackets Alternative for product rule
=x--x +10 M1 Attempt to differentiate their cubic Attempt to use product rule M1
dy _ R M1* | Sets their ¥_o Expand brachts of both parts M1
dx dx Then as main scheme
(3x+1)(x=-1)=0 M1 Correct method to solve quadratic
1 Any extra values for turning points
= 3 orx=1 Al Correct x values of turning points found www | loses all three A marks
d_H_ —6x—2,x= 1 gives +ve (4) Mldep V’Txlid method to establish which is min point (eg by slgetching positive. cubic, .
e with a conclusion second diff method for either of their
Min point atx =1 Al Correct conclusion for x =1 found from x values, y co-ords etc.)
correct factorisation (even if other root
incorrect)
y =19 found Al www for (1, 9) given as minimum point If constant incorrect in initial
(ignore other point here) expansion, max 5/8
(ii) (-3) —4x1x5 M1 | Uses b’ —4ac Vb7 —4ac is MO
=-11 Al
2]
(1ii) B2 Fully correct argument - no extra incorrect Award B1 for either of:
statements e.g. 1) Justifying the quadratic factor
1) Justifying the quadratic factor having no having no roots so only intersection
roots so only intersection with x-axis is at x = | with x-axis isat x=-2
-2 and stating it's a positive cubic 2) Sketch of positive cubic with one
2) Sketch of positive cubic with one root at root at (-2, 0) and a min point with y
(-2, 0) and a min point at (1, 9) (f/t positive coordinate positive or 0
21| (1) from (i)

www. Inspired-Learning.org

Registered Charity no. 1178373

19


http://www.inspired-learning.org/

A-Level Year 1: Differentiation

35. (& (S4=) zr’* +2arh B1 carrect surface area
nr’ +2mrh =481
. iy . R M1 equating “their” SA to 487
and attemptat h=
48— 24 r
h= or h=——-— 0OE
2 Al 3 » 9
(ii) V=nr’h=..
=z f(r) M1 correct volume expression
& elimination of / using “their” (a)(i)
3 48 - r] Fig
V=;rr'[ 2 ]=24’”'—'5"3 Al 2 AG ( be convinced)
I il 2 1 one term correct
b)(i d¥ =| 24r 2 T M 2
dr 2 Al all correct, must simplify
(i) | 247 —%;rrz =0=>r= R M1 “their” — =0 and attempt at /' =...
r
from correct i
Al p
d_J = i B1/ FT “their” i
dr 2 r
g 'l: <0 when r=4 = Maximum Alcso 4 explained convincingly, all working and
dr notation correct
11
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A-Level Year 1: Differentiation

36. (a)i) | 3x7 +3x7+xy + a0y +3xp+3xy Ml correct expression for surface area
6x" + 81‘_].? =32 2(3).‘2 +_‘l}’+3_ty] =32etc
= 3x" +4xy =16 Al 2 AG be convinced
(i) | (V =)3x"y OE M1 correct volume in terms of x and y
16— 3x° 2(16-3x
=3x or = 3x
e o
9x’ CSO AG
=12z - 4 l 2 be convinced that all working is correct
(b) | (dV 5 M1 one of these terms correct
ax =[12- —x Al 2 all correct with 9 % 3 evaluated
(no + ¢ ete)
Py -
(e)i) | x= % = % =12 - ?'43 % [-:-J Ml attempt to sub x = % into 'J}:eir'%
SY -2y gy or12-22 12 or12-B_g et
dy 4 9 36 4
{3; = () = stationary value Al 2 CSO; shown = 0 plus statement
X
" y 27x ., dV ,
ii —=-——  OE Bl FT for ‘their’ =a+bx’
@ dx 2 dx
'y bt x=2 it their LV
when x=i. g 2 < 0 = maximum El/ 2 ki x~3 Ui ae
3 dv = maximum
. ¢ 7 EO if numerical error seen
FT "minimum" if their —- >0
E
Total 10
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A-Level Year 1: Differentiation

37. 8(a) kr +exy =4 or kP +cf(x+y) -x*-y*]=4
izx’+2xy=4
y=4—{;:rx3 B 16— 7x" *
2x 8x

(b) P=2x+cy+knar wherec=2or4andk =Vior

2x 8x
P=E+2x+§—E S0 P=§+2x »
2 x 2 x
dP | 8 2
o |la) ¥
—i,+2=0:>x3=..
=

andsox=2 oe. (ignore extra answer x = -2)
P=4+4=8 (m)

() y =4_T;r , (and so width) =21 (cm)

38. 2rrh+27r® =800
(a)
h=4{]{)——;rr, V=;rr2{4m_—”r]=4gg,-_;”3
Tr Tr
(b) | dV 2
—=400-37xr"
v Tr

v = 400r - rrr® =1737 =390 1400 (13)
3 \3x
(accept awrt 1737 or exact answer)
€| 42y . |
e R —67 r, Negative, .. maximum
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— Lyl S
P=%+2x+4{4 er]m_ P=%+2x+4(16 s Jo.c.

400-37 r*=0 =, r=,’§ﬂ (=65(2s.f))
/4

(Parts (b) and (c) should be considered together when marking)

M1

Al

Bl cso

(3)
M1

Al

Al 3)
Ml Al

Ml

Al

Bl (3)

M1, Al
(2)
B1

M1, M1 A1
(4)

M1 A1

M1 A1

M1 A1
(6)

M1 A1
(2)
[12]
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