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General Marking Guidance

° All candidates must receive the same treatment. Examiners must mark
the first candidate in exactly the same way as they mark the last.

o Mark schemes should be applied positively. Candidates must be rewarded
for what they have shown they can do rather than penalised for omissions.

o Examiners should mark according to the mark scheme not according to
their perception of where the grade boundaries may lie.

. There is no ceiling on achievement. All marks on the mark scheme should
be used appropriately.

e All the marks on the mark scheme are designed to be awarded. Examiners
should always award full marks if deserved, i.e. if the answer matches the mark
scheme. Examiners should also be prepared to award zero marks if the
candidate’s response is not worthy of credit according to the mark scheme.

o Where some judgement is required, mark schemes will provide the
principles by which marks will be awarded and exemplification may be limited.

o When examiners are in doubt regarding the application of the mark
scheme to a candidate’s response, the team leader must be consulted.

o Crossed out work should be marked UNLESS the candidate has replaced
it with an alternative response.



PEARSON EDEXCEL GCE MATHEMATICS
General Instructions for Marking
1. The total humber of marks for the paper is 75
2. The Edexcel Mathematics mark schemes use the following types of marks:

¢ M marks: Method marks are awarded for ‘knowing a method and attempting to apply it’,
unless otherwise indicated.

e A marks: Accuracy marks can only be awarded if the relevant method (M) marks have been
earned.

e B marks are unconditional accuracy marks (independent of M marks)

e Marks should not be subdivided.

3. Abbreviations
These are some of the traditional marking abbreviations that will appear in the mark
schemes.
e bod - benefit of doubt
e ft - follow through
e the symbol f will be used for correct ft
e cao - correct answer only

e Cso - correct solution only. There must be no errors in this part of the question to
obtain this mark

e isw - ignore subsequent working

e awrt - answers which round to

e SC: special case

e o0e - or equivalent (and appropriate)

e d.. or dep - dependent

e indep - independent

e dp decimal places

e sf significant figures

e 3%k The answer is printed on the paper or ag- answer given

[ or d... The second mark is dependent on gaining the first mark

4. All A marks are ‘correct answer only’ (cao.), unless shown, for example, as Al ft to
indicate that previous wrong working is to be followed through. After a misread however,
the subsequent A marks affected are treated as A ft.

5. For misreading which does not alter the character of a question or materially simplify it,
deduct two from any A or B marks gained, in that part of the question affected.



6. If a candidate makes more than one attempt at any question:
o If all but one attempt is crossed out, mark the attempt which is NOT crossed out.
e If either all attempts are crossed out or none are crossed out, mark all the attempts
and score the highest single attempt.

7. Ignore wrong working or incorrect statements following a correct answer.
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Method mark for solving 3 term quadratic:

1. Factorisation

(X* +bx+c) = (x+ p)x+q), where|pq| = |c ,leading to x = ...

(ax® +bx +c) = (mx + p)(nx +q), where|pq| = |c| and |mn| = |a ,leading to x = ...

2. Formula
Attempt to use the correct formula (with values for a, b and ¢).

3. Completing the square

2
Solving x> +bx+c=0: (xig) +g+tc=0, ¢g#0, leading to x = ...

Method marks for differentiation and integration:

1. Differentiation

Power of at least one term decreased by 1. (x" — x"")
2. Integration

Power of at least one term increased by 1. (x" — x"")

Use of a formula

Where a method involves using a formula that has been learnt, the advice given in recent
examiners’ reports is that the formula should be quoted first.

Normal marking procedure is as follows:

Method mark for quoting a correct formula and attempting to use it, even if there are small
errors in the substitution of values.

Where the formula is not quoted, the method mark can be gained by implication from correct
working with values, but may be lost if there is any mistake in the working.

Exact answers

Examiners’ reports have emphasised that where, for example, an exact answer is asked for,
or working with surds is clearly required, marks will normally be lost if the candidate resorts
to using rounded decimals.






1. x=3t—4,y—5—;, t>0
(a) %:3, d—y:6t'2
dt dt
their d—ydivided by their & to give d in terms of ¢
de dt Mi
dy 67 6 2
== {=—= 217 = - or their & multiplied by their a to give & in terms of ¢
dx 3 3t t dx dx
-2
, simplified or un-simplified, in terms of z. See note. | Al isw
. " ) dx dy . . (2]
Award Special Case 1° M1 if both & and m 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 asa
(a) s 18 d_y_ 18 B 18 dx (x+4 dx Ml
Way2 |° ° x+4 dr (x+4)7 (o) _ __function of 7
Correct un-simplified or simplified answer, .
. Al isw
in terms of z. See note.
2]
1 5 5 5 N
(b) t=— =Pl ——,-7 x=——,y=-70r Pl ——, -7 | seen or implied. | Bl
2 2 2 2
dy 2 . . . . dy
m = (] )2 and ecither Some attempt to substitute # = 0.5 into their —
2
which contains 7 in order to find m_ and either
° y—"—7"="8"(x—"—%") . . . .
applies y — (their y,) = (their m_)(x — their x,) | M1
o "T"=("8")("- %H) +c or finds ¢ from (their y,) = (their m_ )(their x,) + ¢
So, y = (their m )x +"c" and uses their numerical ¢ in y = (their m)x + ¢
T: y=8x+13 y=8x+13 or y=13+8x | Al cso
Note: their x,, their y, and their m, must be numerical values in order to award M1 [3]
© {t _x -g 4 3} y=5— - J6r ; An attempt to eliminate 7. See notes. | M1
Way 1 ( 3 j Achieves a correct equation in x and y only | Al o.e.
1 4)-1
BT R T
x+4 x+4
So, y= X +2 , {x > _4} y= Sxt2 (or implied equation) | A1 cso
x+4 x+4
3]
(c) 6 18 An attempt to eliminate ¢. See notes. | M1
t=—— = x=—-4 . .
Way 2 5—-y 5—-y Achieves a correct equation in x and y only | Al o.e.
O (x+45-y)=181 5x—xp+20-4y=18
Sx+2 Sx+2 L .
{D Sx+2=y(x+ 4)} So, y= , {x > —4} y= (or implied equation) | A1 cso
x+4 x+4

[3]

Note: Some or all of the work for part (c) can be recovered in part (a) or part (b)




A full method leading to the value M1
1. (c) 3at—4a+b  3at 4a-b 4a-b of a being found
Way3 | YT 3 Cqva % x4 Sa=s 4a—b
-4+ 3 3t 3¢ y=a- 3 and a=5 | Al
t
4a-b
=6 = b=4(5-6(3)=2 Both a=5 and h=2 | Al
[3]
Question 1 Notes
2)
1. (a Note 2
@) Condone & LIS for Al
dx 3
Note You can ignore subsequent working following on from a correct expression for % in terms of 7.
-1

b t Using a changed gradient (i.e. applyin, or or —(their £)) is MO.
(b) Note g gedg (i.e. apply 8 heir® " their & ( dx))

Note Final A1: A correct solution is required from a correct %

Note Final A1: You can ignore subsequent working following on from a correct solution.
(©) Note 1* M1: A full attempt to eliminate # is defined as either

e rearranging one of the parametric equations to make ¢ the subject and substituting for ¢
in the other parametric equation (only the RHS of the equation required for M mark)
e rearranging both parametric equations to make ¢ the subject and putting the results equal
to each other.
6 x+4 .
Note Award M1A1 for s = 3 or equivalent.
-y




A St

Number Scheme ‘ Notes Marks
- ( )
2. (2+kx)’ = 23[1+@] + (- 3)[ ] M[’”] LEks>0
2 2! 2
(a) {A = } é é or 27 or 0.125, clearly identified as 4 or as their answer to part (a) | B1 cao
1]
Uses the x* term of the binomial expansion to give
2 2
either I or E or H or EIEH or 6 | Ml
2! 2 2 2
(®) (1j<—3>(—4>(k j (=3)- 4)[ ] 3 (kx]
ol A |5 either (their 4 or (their 4 ,
3 21 b (their A4) 5 (their A)———— 5
where (thelr A) 1, | Ml oe.
3 3 (=34 N 3)( 4)
=K k 27—+ 2
or k' or k' or ()] (k) or (2 T2k’
2
so, (L)L 28 L 3 280y
8 2! 2 16 16 16
So, k=9 k=9 cao | Al cso
Note: k ==+ 9 with no reference to £ =9 only is A0 [3]
(©) Uses the x term of the binomial expansion to give either
(lj : . 3)(5] (their A)(— 3)(%} or (their A)(—3)[k7x] ; where (their A) (1, M
3k
or (2)*(=3)(k) or (2)*(=3)(kx) or — Te
11
So, B = [1] (—3)(3] g2 “2T e 2122 or —1.6875 | Al cso
8 2 16 16 16

2]

Question 2 Notes

2! 2

NOTE | IN THIS QUESTION IGNORE LABELLING AND MARK ALL PARTS TOGETHER.
1 3 3 1 3 3
2+k 3=—(1——kx+—k22+...]=— —hx+ =KX+
Note | (2+hxy" = I-5 kot 8 16 16
-3
Note | Writing down (1 + Hj + (- 3)( j M(kx] +
2 2! 2
gets (b) 1°* M1
Note | Writing down {(2+kx)‘3} + (- 3)[ j M[ j +
2! 2
gets (b) 1*M1 2" M1 and (c) Ml
Note | Writing down | S) 20y (32 = 3)( 4
gdown {(2+kx) } =27 + (=327 (kx) + ———=(2)(kx)’
gets (b) 1M1 2" M1 and (c) Ml
( _ )
Note | Writing down {(2+kx)’ } (their A)Ll + (- 3)[ ] M(l{x] + J

where (their 4) [11, gets (b) 1 M1 2™ M1 and (c) M1




. e e

2.(b), (c) | Note | (their A) is defined as either
e their answer to part (a)
o their stated 4 =...
k -3

e their "27°" in their stated 23 (1 + 7x]
Note | Give 2™ MO in part (b) if (their A) =1
Note | Give MO in part (¢) if (their 4) =1

2.(c) Note | Allow M1 for (their A)(— 3)[@]
27
Note | Award A0 for B = —Ex
11
Note | Allow Al for B= —2—7x followed by B = _27 or -1 — or —1.6875
16 16 16
. 27 11 .
Note | £k =-9 leadingto B = e or 1 E or 1.6875 is A0
. : 27 27 . o 27 :
Note | Give A0 for finding both B = 6 and B= 16 (without rejecting B = E) as their final answer.
Note | The Al mark in part (c) is for a correct solution only.
Note | Be careful! It is possible to award MOAO in part (c) for a solution leadingto B = —%. E.g.
_ 3 _ A3 -3 _1 (=3)(-4% 2 _ 1 % ﬁ 2
£00) = 2+ k07 =27 (14 kx) = 2| 1+ (=3)(kx) + — (kx) +..|= ST
. 1 9 27
leading to (a) A = 3’ ) k= 5 (c) B= TS gets (a) B1, (b) MIMOAO (c) MOAO
2.(b), (c) | Note ’3C0(2)_3 + _3C1(2)_4(kx)+ '3C2 (2) °(kx)* with the C terms not evaluated

gets (b) 1 M0 2™ MO and (c) MO




A St

Number

Scheme

‘ Notes

Marks

3.

x| 0 | 0.2 | 04

| 06 | o8 | 1 | 6

v| 2 | 1.8625426.. | 1.71830 | 1.56981 | 1.41994 | 1.27165 |

YT v e

(a)

{At x=0.2,} y = 1.86254 (5 dp)

1.86254

B1 cao

Note: Look for this value on the given table or in their working.

(1

(b)

Outside brackets %x (0.2)

1 .
5(0.2)[2+1.27165+2(thelr 186254 + 171830 + 1.56981 + 1.41994) | Of — or —x—

Bl o.e.

M1

{: %(16.41283) } =1.641283 = 1.6413 (4 dp)

anything that rounds to 1.6413

Al

[3]

(c)

{uze‘” or x=InulJ }

—=e"0rd—u:u0r de_1 or du=udx etc., and ELde:ELLdu See
dx dx du u T +2) +2)u notes

B1*

{x=0} 1 a=e"l] a=1
{x=1} 1 b=¢'ll b=e

a=1land b=e or b=e¢'
orevidenceof 0—>1 and 1 —>e

Bl

NOTE: 1°* B1 mark CANNOT be recovered for work in part (d)
NOTE: 2" B1 mark CAN be recovered for work in part (d)

2]

(d)
Way 1

6 A B

el Writing

£+ B 0.€. 01‘# £+ Q

wu+2) u o (u+2) uw+2) u (u+2) uu+2) u o (u+2)’
7 6... A(u+2)+ Bu o.e., and a complete method for finding the value of at least one of

their A4 or their B (or their P or their Q)

M1

u=00 A=3 Both their 4 =3 and their B =—3. (Or their P =1 and their

u=-2101 B=-3

2
QO = —1 with the factor of 6 in front of the integral sign)

Al

I 6 duz-“[é— 3 ]du
u(u+2) u (u+2)

=3Inu - 3In(u+2)

2
M N
Integrates — +
u uzxk

(i.e. a two term partial fraction) to obtain either

+AIn(aqu) or tuln(f(uxk)); A, u,a, B0

, M,N,k0;

M1

or =3In2u —3In(2u+4)

Integration of both terms is correctly followed through
from their M and from their N.

Al ft

{SO [3Inu - 3In(u+2) | }

= (3In(e) -3In(e+2)) - (3In1 -3In3)

[Note: A proper consideration of the
limit of u =1 is required for this mark]

dependent on the 2" M mark

Applies limits of e and 1

(or their b and their a, where b>0,b111,a>0) inu
or applies limits of 1 and 0 in x and subtracts the
correct way round.

dM1

— 3-3In(e+2) +3In3 or 3(1-In(c+2)+In3) or 3+3ln( 32j
c+

3
or 3ln[ij—3ln[lj or 3—3ln£ﬂj or 3ln( 3¢ j or ln( 27e \
e+2 3 3 e+2 k(e+2)3J

see notes

Al cso

Note: Allow e' in place of e for the final A1 mark.

[6]

Note: Give final AO for 3—3Ine+2 + 3In3 (i.e. bracketing error) unless recovered.

Note: Give final A0 for 3—3In(e+2) + 3In3 — 3In1, where 3In] has not been simplified to 0

Note: Give final A0 for 3lne—3In(e+2) + 3In3, where 3Ine has not been simplified to 3

12




. it

3.(b) Note | M1: Do not allow an extra y-value or a repeated y value in their [...]
Do not allow an omission of a y-ordinate in their [...] for M1 unless they give the correct answer of
awrt 1.6413, in which case both M1 and A1 can be scored.
Note | Al: Working must be seen to demonstrate the use of the trapezium rule.
(Actual area is 1.64150274...)
Note | Full marks can be gained in part (b) for awrt 1.6413 even if BO is given in part (a)
Note | Award BIM1A1 for
1 1 .
E(2+1.27165) + g(thelr 1.86254 +1.71830 + 1.56981 + 1.41994) = awrt 1.6413
Bracketing mistakes: Unless the final answer implies that the calculation has been done correctly
1
Award BIMOAO for 5(0.2) + 2 + 2(their 1.86254 + 1.71830 + 1.56981 + 1.41994) + 1.27165 (=16.51283)
1
Award BIMOAO for 5(0.2)(2 +1.27165) + 2(their 1.86254 + 1.71830 + 1.56981 + 1.41994) (=13.468345)
1 .
Award BIMOAO for 5(0.2)(2) + 2(their 1.86254 + 1.71830 + 1.56981 + 1.41994) + 1.27165 (=14.61283)
Alternative method: Adding individual trapezia
|:2+"1.86254" "1.86254"+1.71830 1.71830+1.56981 1.56981+1.41994 1.41994 + 1.27165}
Area = 0.2 x + + + +
2 2 2 2 2
= 1.641283
B1 0.2 and a divisor of 2 on all terms inside brackets
M1 | First and last ordinates once and two of the middle ordinates inside brackets ignoring the 2
Al anything that rounds to 1.6413
3.(c) 1t B1 | Must start from either
° [yi dx, with integral sign and dx
6 L .
. E‘F dx, with integral sign and dx
+2)
o 0 %du, with integral sign and %du
T+ 2) du du
and state either du =e" or du =u or dx = 1 or du=udx
dx dx du u
6
and end at du, with integral sign and du, with no incorrect working.
o gral sign and du ;
Not So, just writin d_u =¢" and ‘&%6 dx = j76 du is sufficient for 15 Bl
ote >] gdx_ "1 2) (u+2)
Note | Give 2" B0 for b= 2.718..., without reference to a =1 and b=e¢ or b=e¢'
Note | You can also give the 1% Bl mark for using a reverse process. i.e.
6 6
Proceeding from du to dx, with no incorrect working,
8 j(u 12) i 12) &
and stating either du _ e’ or du _ u or e _1 or du=udx
dx dx du u
3.(d) Note | Give final A0 for 3—3In(e+2) + 3In3 simplifying to 1—-In(e+2) + In3

(i.e. dividing their correct final answer by 3)
Otherwise, you can ignore incorrect working (isw) following on from a correct exact value.

Note | A decimal answer of 1.641502724... (without a correct exact answer) is final A0Q

Note [—3 In(u+2) + 31nu]? followed by awrt 1.64 (without a correct exact answer) is final M1A0




Question 3 Notes Continued

3.(d)

Note | BE CAREFUL! Candidates will assign their own “4” and “B” for this question.
Note | Writing down in the form + B with at least one of A or B correct is 15 M1
(u + 2)u u+2) u
Note | Writing down as -3 + 3 is 1M1 It Al.
(u +2)u u+2) u
Note | Condone (g _ 3 jdu to give 3Inu —3Inu+2 (poor bracketing) for 2™ Al.
u (u+2)
Note | Award MOAOM1AI1ft for a candidate who writes down
6 6 6
e.g. du = (— + ] du = 6lnu + 6In(u+2)
w(u+2) u (u+2)
AS EVIDENCE OF WRITING ( 6 > AS PARTIAL FRACTIONS.
u(u +
Note | Award MOAOMOAUO for a candidate who writes down
6 6
ﬂi du = 6Inu + 6In(u+2) or ji du = Inu+6In(u+2
(u+2) ( ) (u+2) ( )
WITHOUT ANY EVIDENCE OF WRITING ﬁ as partial fractions.
u(u +
Note | Award M1A1M1AL1 for a candidate who writes down
6
Eﬁ du = 3lnu —3In(u+2)
(u+2)
WITHOUT ANY EVIDENCE OF WRITING % as partial fractions.
u(u +
Note | If they lose the “6” and find ! du we can allow a maximum of M1AOM1A1{tM1A0

w(u+2




Question 3 Notes Continued

3.(d) 6 3Qu+2) 6u
du=|———du - | ———d
Way 2 {ju2+2u ! o N W
au+?2) o
du! + duy, a, B, 06+#0 | M1
B ECTREI A T (= (e s
u’ +2u u+2 -
Correct expression | Al
+
Integrates _]\/12(2u *2) + N , M, N, k0, to obtain
u +2u uxtk M
— 3In(u® + 2u) — 6In(u +2) any one of +AIn(u’ +2u) or +uln(B(u+k));
A, u, f110
Integration of both terms is correctly followed through from Al fi
their M and from their N
dependent on the 2" M mark
{ So, [E»In(u2 +2u)—6In(u+ 2)} } Applies limits of e and 1
! (or their b and their a, where dM1
b>0,bT01,a>0)inu
= (31r1(e2 +2e)—6In(e+ 2)) - (31n3— 6ln3) or applies limits of 1 and 0 in x and
subtracts the correct way round.
= 3In(e’ +2¢)—6In(e +2) + 3In3 3In(e’ +2¢)—6In(e+2) +3In3 | Al o.c.
[6]
3.(d) Applying u=6-1
Way 3 e 6 I+e 6 I+e 6 0-1 l+e
du = —do = ———du =|3In| — MIAIMIALI
{-[1 u(u+2) } J.Z @-1)@+1) j.z 6 -1 |: [0"'1)1
— — rd :
_ 3ln[1 +e 1] —3ln[Q] _ 31n[i] 3 3ln(l] 3 M mark is dependent AMIA1
e+1+1 2+1 e+2 3

on 2" M mark

[0]




Question

Number Scheme Notes Marks
4. 4 -y’ —4xp +2" =0
(ORNNIE. S0 PP P NP _
Way 1 K’(i 8x 3ydx 4y 4xdx+2ln2dxi) M1 Al M1 BI
2 dy dy | ap
8(-2)-34)"—-44)-4(-2)— +2"In2—=0 dependent on the first M mark | dM1
dx dx dx
-16 - 48d—y -16 + 8d—y + 16ln2d—y =0
dx dx dx
Y = 32 or 32 or 4 or or exact equivalent | A1 cso
dx —-40+16In2 40-16In2 -5+2In2 -5+1n4
NOTE: You can recover work for part (a) in part (b) [6]
. -1 .
) co my = —40 :r31261n2 oF 40 —31261n2 Applying m = m—T to find a numerical m, Ml
Can be implied by later working
e y—4= (40——1261n2j(x —-2) Using a nume.rical
3 my (m,), either
. 40 - 161n2 y—h=my(x=—2)
Cuts y-axis >x=0= y—-4= [T) (2) and sets x=0 in their | M1
normal equation
40 —161n2 or
¢ 4= [T](_z)” 4 = (their m)(~2) + ¢
40 —161n2 104 —161n2
= c=44+——,50y="->
16
y(orc):E—an %—1n2 or E—ln2 or —ln2+E Al cso isw
2 16 2 2
Note: Allow exact equivalents in the form p — In2 for the final A mark [3]
| 9
() A 8 37— 4y T4 220 MI Al Ml BI
Way 2 % dy dy — = =
dx 2 dx 4
8(—2)d— -3(4) - 4(4)d— —4(-2)+2"In2=0 dependent on the first M mark | dM1
y y
Y = 32 or 32 or 4 or or exact equivalent | A1 cso
dx -40+16In2 40-16In2 -5+2In2 -5+1n4
Note: You must be clear that Way 2 is being applied before you use this scheme [6]
Question 4 Notes
4. (a) Note | For the first four marks
Writing down from no working
d_y: 24y—8x : or —; 8x— 4y scores MIAIMIBI
dx -3y"—4x+2"In2 3" +4x—-2"1n2
o Yo Becdy W8 s MIAOMIBI
dx -3y°-4x+2"1n2 3" +4x—-2"1In2
Writing 8xdx — 3y*dy — 4ydx — 4xdy + 2" In2dy = 0 scores M1AIMIBI




Question 4 Notes Continued

dy

4. (a) 1M1 | Differentiates implicitly to include either + 4xa or -y >+ 1y’ % or 2" >+ ,u2y%
(Ignore (% =j ). A, u are constants which can be 1
2 3 > dy
1" A1 | Both 4x" —y —>8x—3ya and =0—>=0
Note e.g. 8x-— 3y2d—y -4y - 4xd—y + 27 ln2d—y - - 3y2d—y - 4xd—y +27 ln2d—y =4y —8x
dx dx dx dx dx dx
or eg —16- 48d—y -16+ 8d—y + 161n2d—y - - 48d—y + 8d—y + l6ln2d—y =32
dx dx dx dx  dx dx
will get 1°* Al (implied) as the "=(0" can be implied by the rearrangement of their equation.
dy dy dy dy
2 M1 | —4xy > -4y —4x— or 4y —4x— or —4y+4x— or 4y +4x—
X2 Xy y dx y dr y dr y dx
= ) y dy ) yln2 dy
27 5 27In2— or 2>’ In2—
B1 dx
Note If an extra term appears then award 15 AQ
3"dM1 | dependent on the first M mark
For substituting x =—2 and y = 4 into an equation involving %
Note M1 can be gained by seeing at least one example of substituting x = —2 and at least one
example of substituting y =4 unless it is clear that they are instead applying x =4 and y =-2
Otherwise, you will NEED to check (with your calculator) that x = —2, y = 4 that has been
substituted into their equation involving %
Note Al cso: If the candidate’s solution is not completely correct, then do not give this mark.
Note isw: You can, however, ignore subsequent working following on from correct solution.
(b) Note The 2™ M1 mark can be implied by later working.
-4 -1
Eg. Award 1% M1 and 2™ M1 for 24 = —
2 their m, evaluated at x = -2 and y =4
Note Al: Allow the alternative answer { y= } ln(%] + 2132 (In2) which is in the form p + gIn2
n
4. (a) 1t M1 | Differentiates implicitly to include either + 4 yg or 4x* > + ﬂx%
dx : .
(Ignore O =|). A is a constant which can be 1
y
2 3 dx 2
1 A1 | Both 4x" -y —>8xd——3y and =0—>=0
y
dx dx dx dx
2 M1 | —4xy > —-4y——4x or 4y——4x or —4y—+4x or 4y— +4x
— dy dy dy dy
B1 2’ —>2'In2
3""dM1 | dependent on the first M mark

For substituting x =—2 and y =4 into an equation involving (;E
y




Question

Number Scheme Notes Marks
5. y=e"+2", x0
Way 1 In4 2
2 For e’ +2e™”
{V:} HD (e" + 2e‘x) dx ﬂj( ) Bl
Ignore limits and dx. Can be implied.
2
In4 Expands (e" + 26’”) — tae” B + 5 where
_ 2x —2x
- {”} L (e +4e + 4)dx a, B,0#0. Ignore 7z, integral sign, limits and dx. Ml
This can be implied by later work.
a
Integrates at least one of either +¢e*to give +—e**
g g 5 M1 ™
. or * e to give ige"zx a, B0
1 n
= {7[}{56“ —2e7 + 4x} dependent on the 2" M mark J
’ e +de™ > le” —-2e7, | Al
which can be simplified or un-simplified
4 — 4x or 4e’x | Bl cao
dependent on the previous
method mark. Some evidence of
((1 1 \ applying limits of In4o0.e. and 0 %
= {H}L(_CZ(M) —2e70 4 4(1n4)] —[—eo —2e’+ 4(0)) J to a changed function in x and | dM1
2 2 subtracts the correct way round.
Note: A proper consideration of
the limit of 0 is required.
={x} §—Liamal-[Ll_2
8 2
= ?7[ + 47Ind or gn + 87In2 or ﬁ(%s + 4ln4j or ﬂ[? + 81n2j
75 75 ) Alisw
or —7z+1In2% or — 7+ 7In256 or In| 2%"e® | or —72(75 + 32ln4), etc
3 3 = )%
[71
7
Question 5 Notes
5. Note | = is only required for the 1 B1 mark and the final A1 mark.
2
Note | Give 1 BO for writing 72'[)1(2 dx followed by 2%@" + Ze’x) dx
A 2
Note | Give 1 M1 for (e" + 2e’x) — ™ +4e7 + 2e” + 2¢” because & = 2e’ + 2¢°
Note | A decimal answer of 46.8731... or 7(14.9201...) (without a correct exact answer) is A0Q
In4
Note ;{%ez" —2e ¥4+ 4x} followed by awrt 46.9 (without a correct exact answer) is final AM1A0
0
Note | Allow exact equivalents which should be in the form ax + brlnc or 7(a + blnc),
75 3 150 6
where a =— or 9= or 9.375. Donotallow a = — or 9—
8 8 16 16
Note | Give BIMOM1A1BOMI1AO for the common response
In4 In4 In4
ﬁj (e" + 26:’*)2 dx — ﬁj (ezx + 4e’2x)dx = 7{16“ - 2e2x} = Eﬂ'
0 0 2 0 8




For ﬁj-(ex +2e" )2

Number Scheme Notes Marks
5. y=e"+2e¢", x[0
Way 2 In4

{Vz} ED (e”+2e’x)2dx Bl
Ignore limits and dx. Can be implied.
u=e" [ d—u—e =y and x=In4 [J u=4,x=010 u=e"=1
4 2 4
2) 1
Vz{ﬂ'}j (u+—j —du ={7r}j [u2+i2+4]ldu
. u) u X u u
2
(e" +2€’x) - tautfu’+ou’
where u=e*,a, 5,6 #0. | Ml

Ignore 7, integral sign, limits and du .
This can be implied by later work.

. . o
Integrates at least one of either X uto give izuz

B

or +fBu’to give J_rzu’2 a, 110, where y =e"

dependent on the 2" M mark
1
u+du — Euz —2u?,

simplified or un-simplified, where u = e*

Al

4u™" — 4lnu, where u = ¢*

B1 cao

{ uz(4) _—+4ln4J kz(l) ——+41n1U function in u [or In4o.e. and 0 to an

dependent on the previous method
mark. Some evidence of applying
limits of 4 and 1 to a changed

integrated function in x] and subtracts
the correct way round.

dM1

() (s grama)-( -2

=€7r+47rln4 or §7Z+87rln2 or ﬁ(7§+4ln4j or ﬂ[§+81n2j

75 o 75 o S
or —7z+1In2°" or — 7+ 7In256 or In|2°"e? or —ﬂ(75+32ln4),etc
8 8 L ) 8

Al isw

[7]




- 2 Let 0,  be the
6. Liir=|281+A1-5|, L:ir=|3|+u| 0|;ppq=| 18 | lieson/ acute angle
4 1 1 -4 6 between /, and [,
28 -51=
@ o =1 85123 (= 2=5) 8-34=3 or
2 ddsa ) 4-A=5+3uand4+A1=1-4u | Bl
or 4-2=5+3u and 4+A=1-4u{= u=-2 or A=5 or u=-2 (Can be implied).
4 -1 5 3 Puts [ = [, and solves to find 4 and/or u
{OX :} 28 (+5|=5| or |3|=2| O and substitutes their value for A into /, | M1
4 1 1 -4 or their value for x into [,
-1 1
So, X(-1,3,9) (-1,3,9) or | 3| or —i+3j+9k orcondone 3
Al cao
9 9
[3]
-1 3 -1 3 Realisation that the dot product
W(b) 1 d=|-5|,d,=| 0|=|-5|¢ O is required between d,and d, | M1
ay 1 -4 1 -4 or a multiple of d, and d,
-1 3 dependent on the
+1-5le 0 1°* M mark. Applies
dot product formula | gng
cosf = 1 —4 {: —7 } between d, and d, ora
JED (57 + (17 O +07 + (=47 | V27425 multiple of d, and d,
{6=105.6303588... 1 | 0, =74.36964117... =74.37 (2dp) | awrt 74.37 seen in (b) only | Al
3]
-1 2 -3
(© | AX="0X"-04=| 3 |-| 18 |=| 15 |or 4, ., X, (I AX=3d|, {\dl\m/ﬁ}
9 6 3
Full method for finding AX or X4 | M1
ol 2 15\2 2 _ / _
AX = \/( N HE O o 3\/5 { 243} 9\/5 943 seen in (c)only | Al cao
Note: You cannot recover work for part (c) in either part (d) or part (e). 2]
YA e .
d Y4 ——=tanf or YA= (thelr ‘AX‘)tanB, where 6 is
@ | L an("74.36964...") their ‘AX‘ M1
Way 1 n9\/§n
their acute or obtuse angle between /, and /,
YA =55.71758...=55.7 (1 dp) anything that rounds to 55.7 | Al
[2]
@ | {4i..X, s =S0AX =24B=Soat B, A=3.50r 1=05)}|
Way 1 _ their 4, fc i 2
_ 4 ! 0.3 Substitutes either A =( cir £, found in (@) +
OB=| 28 |+3.5| =5 [;=| 105 2 MI:
4 1 75 or /1/; 3 (their 4, f(;und in(a)) into 7
4 -1 3.5 At least one position vector is correct.
i . Al
OB=| 28 |+0.5| =5 |;=| 255 (Also allow coordinates).
4 | 45 Both position vectors are correct. Al
(Also allow coordinates).
31
13




Question

Number Scheme Notes Marks
6.(e) | {AX=24B= AB=14X. S0,0B=0A+ AB= OB=0A+1AX|
Way 2 2 -3 0.5 - TR T
- Applies either 04+ 0.54X or O4—-0.54X
OB=| 18 [+0.5| —-15 |;=| 10.5 S — = —| Ml;
6 3 75 where (their AX )= i[(thelr 0X)- OA}
) -3 35 At least one position vector is correct Al
= ) (Also allow coordinates)
OB=| 18 |-0.5| —-15 [;=| 255 Both bositi . .
oth position vectors are correc
6 3 4.5 (Also allow coordinates) Al
3]
. 4—Q 2 2-1 12-2) I ,
v‘:;(eg AB=| 28-51 |-| 18 10-54 |=| s502-2) |} ax=| -1s AX"=24300
ay 4+ 1 6 -2+A ~1(2=1) 3 AB* =27(2—- A)
2 2 2 , 9 ) 189
AX =2ABT) AX"=4A4B" 11 243=4Q27)2-A)" 0 (2-4) = " or 274" — 1084 + i 0
or 1084° — 4321 +189=0 or 44° —164+7=0 A=350r1=05
4 _1 05 Full method of solving for A the equation
— 2 2 v D
OB=| 28 |+35| =5 |:=| 105 AX* = 4A4B° using (their AX) and 4B M
4 1 75 and substitutes at least one of their values
for A into /,
4 -1 35 At least one position vector is correct Al
OB=| 28 |+05| -5 =| 255 (Also allow coordinates)
4 1 45 Both position vectors are correct |, |
(Also allow coordinates)
Note: AX =24B = AX = +24B. Hence, 4 =3.50r A =0.5 can be found from solving either 3]
x:=3=x222-A)or y:=15=£2(10-54)or z: =3=%22(-2+ 1)
6. (¢) _ o e —
Wayd | 1 3 0.5 Applies either (their O—X )+ 0.534
OB=| 3 |+05] 15 |;=| 10.5 or (their OX)+1.5X4 | MI1;
9 -3 73 where (their EA): 04 - (their O—X)
-1 3 35 At least one position vector is correct Al
— i (Also allow coordinates)
OB = 3 [+1.5] 15 |;=] 255 —
45 Both position vectors are correct Al
9 -3 ) (Also allow coordinates)
[3]
6. (e)
Way5s | -1 2 0.5 | -
OB=05|| 3 |+ 18 |:=| 105 Applies —[(their OX )+ OA} MI;
9 6 75 2
b _3 15 At least one position vector is correct Al
. (Also allow coordinates)
OB=| 18 =05 =15 1:=) 255 Both position vectors are correct
6 3 45 P Al

(Also allow coordinates)

[31




Question

Number Scheme Notes Marks
9 _ _ _ _ _
6. (¢) ‘AX‘ —33 = K = \/——3:AX:3d;So,OB:OAiiAX:OAii(Sd)
Way 6 \/_ 1 2 2 1
: - 02 04+0.5(Kd, of%ﬁﬁher
—— +
0B=| 18 |+05|3] =5 [[l:=| 105 (Kd,) or (Kd), |
MI;
6 1 75 their
where K = —————
343
. 2 -1 3.5 At least one position vector is correct Al
OB=| 18 [-05]|3] -5 =] 25.5 (Also allow coordinates)
6 1 4.5 Both position vectors are correct | , |
(Also allow coordinates)
3]
Question 6 Notes
6. (a) Note | M1 can be implied by at least two correct follow through coordinates from their A or from their u
(b) Note | Evaluating the dot product (i.e. (—1)(3) + (-5)(0) + (1)(—4)) is not required
for the M1, dM1 marks.
Note | For M1 dM1: Allow one slip in writing down their direction vectors, d, and d,
Note | Allow M1 dM1 for
()Y ([ 3)
(\/(—1)2 +(=57+ (1) A(3) +(0) +(=4) JeosO= = | -5 [(| 0
1 -4
Note | 0=1.297995...°, (without evidence of awrt 74.37) is A0
6. (b) Alternative Method: Vector Cross Product
Way 2 | Only apply this scheme if it is clear that a vector cross product method is being applied.
(1) [ 3) .. Realisation that the vector
- i j Kk . .
o cross product is required
dxd,=| =5 x| 0 | =4 -1 =5 1]|=20i-j+I5k betweend, and d, | M1
1 -4 3 0 -4 or a multiple of d, and d,
Applies the vector product
2 2 2
sin @ = \/(20) )l U formula betweend, and d, | dqM1
JED? 4 (57 4+ B +(0) +(—4)? or a multiple of d, and d,
V626 .
sin 6 = \/—6\/— 0 0=74.36964117... =74.37 (2 dp) awrt 74.37 seen in (b) only | Al
3]
6. (c) M1 | Finds the difference between their OX and OA and applies Pythagoras to the result to find 4X or X4
OR applies ’(their A, found in (a)) - 2|.\/(—1)2 +(=5)*+ (1)
Note | For M1: Allow one slip in writing down their OX and 04
[ 3)
Note | Allow MIAL for leading to AX =+/(3)° + (15 + (3> =243 =943
3
(e) Note | Imply M1 for no working leading to any two components of one of the OB which are correct.




Question

Number Scheme Notes Marks
6. (d) \/5 their ‘E’ their ‘E|
. " " " " ———— =tan(90 - 0Q)or 4Y = ——,
Way 2 4 = tan(90 — "74.36964...") YA ( ) tan(90 — ) M1
where 6 is the acute or obtuse angle between /; and /,
YA =55.71758...=55.7 (1 dp) anything that rounds to 55.7 | Al
2]
their | AX]
6. (d) YA _ "9+/3" .YA =— ‘ ‘ o.e., where fis the | \ 1y
Way3 | §in("74.36964..")  sin(90 — "74.36964..") sinf - sin(90—-6)
acute or obtuse angle between /, and /,
= 9\/55111(74'36964"‘) = 55.71758...=55.7 (1 dp) anything that rounds to 55.7 | Al
sin(15.63036...)
2]
() 5 3 5+3u
6. (d) | v _ _
Way 4 d = 51, oY= 3 |+u| 0 |= 3
1 1 -4 1-4u
2 5+3u -3-3u
YA=| 18 |- 3 = 15
6 1-4u 5+4u
-3-3u -1 (Allow a sign slip in copying d)
Yded =0 = 15 lof =5 |=0
5+4u 1 S — — M1
Applies Y4ed =0 or 4Yed =0
67 — —
0 34+3u—T75+54+4u=0 1] ,u:7 or Y4e(Kd ) =0 or AYe(Kd)=0
to find x4 and applies Pythagoras to find a
2 2 . 3
YA = [_3_ 3 67 ] +(15)2 N {5 4 67 } numerical expression for AI: or for the
7 7 istance AY
222)° 303’
2
So, YA = [——] +(15) + (—]
7 7
=55.71758...=55.7 (1 dp) anything that rounds to 55.7 | Al

236, 261 222,

Note: OY ="2j+3j— ==k, AY =—-""Zi+15j+
7 7 7

303,
7

2]




Question

Number Scheme Notes Marks
h h
7. d—:k (h=9), 9<h<200; h—l30d—:—l.1
dt dt
Substitutes # =130 and either dn =-1.1 or dan =1.1
(a) -1.1=k+(130-9) [ k=.. dt dt Ml
into the printed equation and rearranges to give k = ...
So, kz—ior -0.1 kz—ior -0.1 | Al
10 10
[2]
(b) J- dh Separates the variables correctly. di and df should not be in
= | kdt the wrong positions, although this mark can be implied by | Bl
Way 1 V(1 =9) later working. Ignore the integral signs.
1
j(h—9) 2 dh :Ikdt
Integrates ——2— to give +u(A—9): A, (10
ntegrates ogive + -9); 1, Ml
\ =) H H
(h-9)? ! T
———=kt(+ —9) -9):
(1) (+¢) h=9)" _ kt or (h=9) = (their k)¢, with/without + ¢,
8 () Al
2
or equivalent, which can be un-simplified or simplified.
Some evidence of applying both
{t =0,h=200"[] } 21/(2()()_9) =k(0)+ ¢ t =0 and & =200 to changed equation | M1
containing a constant of integration, e.g. ¢ or 4 W
T c=2+19117 2(;1_9)% = —0.17 + 2191 depgndent on the pre\"ious M mark
Jio1 Applies & =50 and their value of ¢ to
{h 50 :>} 2J(50-9) =—=0.1¢ + 24191 their changed equation and rearranges | dM|1
t= to find the value of # = ...
t= 20«/191 — 2041 £ = 20191 = 2041 isw | |
or t=148.3430145... = 148 (minutes) (nearest minute) or awrt 148
[6]
(b) 0 an r Separates the variables correctly. ds and dr should not be
Way 2 J. = J. k dt in the wrong positions, although this mark can be implied | Bl
y 200 (2 =9) 0 by later working. Integral signs and limits not necessary.
50 1 T
I (h=9) *dh =J k dt
200 0
Integrates ——2— to give +uJ(h—9): A, 110
ntegrates ogive * -9); 4, M1
|7 g ,—( =9 g H H
(h-9)? T ]
= |kt _0): _0)?
() [kl =9 _ pp o B2 (their k)¢, with/without limits, | , |

200 (1) (2)

or equivalent, which can be un-simplified or simplified.

Attempts to apply limits of 4 =200, 7 =50
and (can be implied) # = Oto their changed equation

2J41 —2191= kt or kT

2ﬁ 2 \/19 dependent on the previous M mark IM1 J
—0.1 Then rearranges to find the value of 7 = ...

¢ = 20191 — 2041 t = 20\191 - 20441 or awrt 148 | ,
or t=148.3430145... = 148 (minutes) (nearest rninute) or 2 hours and awrt 28 minutes

[6]







Question 7 Notes

7. (b)

dr 1

Note | Allow first B1 for wrltlng — = = or equivalent
dh k«/(h 9 " dh " (their I\ (h - 9)
Note ar_ ———— leading to ¢ = \/ (h—9) (+ ¢) with/without + ¢ is BIM1A1
dh k\/(h 9)
Note | After finding k& = 0.1 in part (a), it is only possible to gain full marks in part (b) by initially writing

dh dh dh dh
— =—k+(h=9) or j:z kdtor — = —-0.14/(h—-9) or =| —0.1dz
dr (h-9) B dr (h-9) B

Otherwise, those candidates who find & = 0.1 in part (a), should lose at least the final A1 mark in
part (b).




8. x =30sind, y=sec’6, OS9<§
3 5 1 1 V4
() {When y=8,} 8 =sec’ = cos H:§ 30059:5 :>t9=§ Sets y=8 to find
and attempts to substitute their § | M1
k (or x) = 3( 3 jsm(%j into x = 30sinf
3 3
sok(orx)zﬁ ﬁor—” Al
2 2 2\/5
Note: Obtaining two value for k& without accepting the correct value is final AO [2]
30si 3si 3
(b) ﬂ—3smt9+3000s6’ 4951.nt9 _) sind + Hco§0 B1
dé Can be implied by later working
. dx
Applies (£ Ksec’d [th i —]
{j d0 } j(sec #)(3sind + 3600s<9){d6’} PP ( e ) . do) | M1
Ignore integral sign and d@; K [10
Achieves the correct result no errors in their working, e.g.
=3 Esec2 0 +tan@sec’ 6 d6 bracketing or manipulation errors. | Al *
Must have integral sign and d& in their final answer.
x=0and x=k = =0 and ﬂ=% a=0 and ﬁz% or evidence of 0 —0 and k—)% B1
Note: The work for the final B1 mark must be seen in part (b) only. [4]
fsec’ 0 — 40g(0)- B[ g(0), 4>0, B>0,
where g(60)is a trigonometric function in § and | M1
g(6) = their [gec’ @dO. [Note: g(6) [Isec’ 8]
© { [sec’ 040 } = Otan6~ [ tan0{d0) £ i
Way 1 dependent on the previous M mark
Either 10sec’ 0 — AOtan6— BItan@, A>0,B>0 dM1
or Osec’f — HtanH—ItanQ
= Atand— In(secH) Osec” 6 — Otan O —In(secd) or Gtanf+ In(cosé) or
or = ftanf+In(cost) | )gsec’ @ A0tanO— Aln(secd) or A0tand+ Aln(cosd) | Al
Note: Condone fsec’ @ — Gtanf—In(secx) or Gtand+In(cosx) for Al
, tan@sec’ @ or Atan@fsec’d — +Ctan’ @ or +Csec’ O M
{ [ fpnsec”6d6 } or + Cu™, where u =cosf
1 2 1 2 2 1 2 1 2 1 2 1 2
= —tan" @ or —sec @ tan@sec” & — —tan" & or —sec”@ or ——— or tan" & — —sec” 0
2 2 2 2cos” 60 2
or % where # = cosd or 0.5u%, where u =cos® or 0.5u>, where u = tan® Al
2” 2 ﬂ“ 2 ﬂ“ 2
1 or Atanfsec”d - —tan" @ or —sec” @ or 5
or —u®> where u = tan6 2 2 2cos” 0
2 or 0.5Au*, where u =cosé or 0.51u”, where u = tan@
Area(R) = { 30tan@—3In(secd) + —tan 9} or {wtane— 3In(secd) + %sec2 6’}3
0 0
{ f 32+ > (3)j (0) or [a@ﬁ_gmz N 3(4)]_@
= —+ 37 -3In2 or —+\/—7z+3ln[ ] or 2+\/§7z—1n8 or m[le?*ﬁ”] Al
2 2 2 2 8 o0.e.

[6]




Question Scheme Notes Marks
Number
8.(¢) Way 2 for the first 5 marks: Applying integration by parts on Bp + tan#)sec’> 6dO
Way 2
u=_0+tanf = %: 1+sec’ @
E|6’sec2 0 + tan@sec’ 0)dO = EH + tan&)sec” 6d0, do
& sec’d = v=tanf= g(6)
do
h(60) and g(6)are trigonometric functions in @and g(6) = their [ ec’ 0d6. [Note: g(6) [Isec’ 0]
A(0 + tan8)g(0)— B[ (1 + h(0))g(d), A>0,B>0 | M1
dependent on the previous M mark
. 2
= (0 + tanO)tand —[ (1 + sec’ O)tan0{d0} Either Z[ (0+ tan0)sec” 0] -
A(0 + tan@)tan& — B[ (1 + h(d))tand, A 110, B>0 dM1
or (0 +tanf)tanf — Ell + h(0))tan g
= (0 + tanO)tan ¢ —[ (fan 0 + tan@sec’ 9){d0}
P P p peec 0ldo (@ + tan@)tan & —In(secb) o.e.
= (0 + tanf)tan g — ~- [t
(6 + tan6)tan8 ~ In(sect) - [ nsec” {d0) or [0+ tanO)tand ~In(sec) | oe. | '
. tan@sec’ @ — = Ctan’ 6 or +Csec’d | M1
= (0 + tan@)tan @ —In(sec ) — —tan> @ 1,
2 (9+tan9)tan6’—5tan 0
or = (6 + tan#)tan —In(sec ) — lsec2 0 etc. 1, Al
2 or (9+tan9)tan6’—5sec 0
Note | Allow the first two marks in part (c) for ftan&— [ fan& embedded in their working
Note Allow the first three marks in part (c) for tan&d— In(secd) embedded in their working
Note | Allow 3 M1 2™ A1 marks for either tan’ 6 — %tan2 0 or tan’ @ — %sec2 0
embedded in their working
Question 8 Notes
8. (a) Note | Allow M1 for an answer of k = awrt 2.72 without reference to T or 3—\7—
243
Note | Allow M1 for an answer of k = 3(arccos(%))sin(arccos(%)) without reference to or 3—\7—
243
Note | E.g. allow M1 for 6= 60Y, leading to k = 3(60)sin(60) or & = 903




. “htaiadhinh e

8. (b) Note | Togain Al, d@ does not need to appear until they obtain 3 Etgsec2 0 + tan@sec’ 0)do
. dx . dx . . . .
Note | For M1, their 19’ where their 19 [0 38sin#, needs to be a trigonometric function in &
Note | Writing B}Sec3 0)(3sind + 36cosf) = 3 Eﬁsec2 0 +tan@fsec’ #)dé is sufficient for BIM1A1
Note | Writing & 36in6 + 30c0sO followed b writing a dé =3[ (Psec’ @ +tanBsec’ )do
d6 d ErrEaiit
is sufficient for BIM1A1
1
Note | The final A mark would be lost for j—3sin:9 +30cos@ = 3[ (Psec’ O +tanfsec’ 6)do
0s’ 0 ¥ )

[lack of brackets in this particular case].

Note Give 2" B0 for ¢ =0 and S = 60Y, without reference to S = %
(©) Note | A decimal answer of 7.861956551... (without a correct exact answer) is AQ.
Note | First three marks are for integrating @sec’ @ with respect to &
Note | Fourth and fifth marks are for integrating tan @sec’ @ with respect to 6
Note | Candidates are not penalised for writing ln‘secq as either In(secd)or Insec®
Note Osec’ @ — Otan O+ In(secd) WITH NO INTERMEDIATE WORKING is MOMOAO
Note Osec’ @ — Otand—In(cosd) WITH NO INTERMEDIATE WORKING is MOMOAO
Note Osec’ @ — OtanO—In(secd) WITH NO INTERMEDIATE WORKING is MIM1A1
Note fsec’ @ — Otan O+ In(cos§) WITH NO INTERMEDIATE WORKING is MIM1A1
.. du . dv du . .
Note | Writing a correct uy — B— with u =, — =tand, — =1 and v = their g(#) and making
dx dé déo
one error in the direct application of this formula is 1 M1 only.
8. (¢) Alternative method for finding n Osec’ 6d6

u =tand

ﬂzseczﬁ = v=tand
do

= % =sec’ 0
de

[tan@sec’ #dO = tan’ O—[ tanGsec’ OdO
[ 2[tan@sec’ #dO = tan’ O

[fan fsec’ 6d6 = %tam2 o0

tanfsec’ @ or — +Ctan’0 | M1

1
tanOsec’ 0 — 5‘[an2 0 | Al

du
u=sect = — =secfHtand

ﬂ: secftand = v =secl
de

I [Tan fsec’ 0dO = sec’ H— Bec2 Otan0do
[ 2[tan@sec’ 0dO = sec’ O

[fan fsec’ 6d6 = %sec2 0

tanfsec’ @ or — +Csec’ O | M1

1
tanOsec’ @ — Esec2 0| Al
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