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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.

. 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.

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

. Crossed out work should be marked UNLESS the candidate has replaced
it with an alternative response.
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PEARSON EDEXCEL GCE MATHEMATICS

General Instructions for Marking

1.

2.

The total number of marks for the paper is 75
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.

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

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

Marks should not be subdivided.

Abbreviations

These are some of the traditional marking abbreviations that will appear in the mark
schemes.

e bod - benefit of doubt

o ft - follow through

e the symbol \/ 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 oOe - or equivalent (and appropriate)
e d... or dep - dependent

e indep - independent

e dp decimal places

e sf significant figures

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

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

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.

. 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.
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6. If a candidate makes more than one attempt at any question:
e 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:

Mathematics C4
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1. Factorisation

(x* +bx +c) = (x+ p)(x+0), where|pg| =

(ax® +bx +¢) = (mx+ p)(nx+q), where|pg| =|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
b 2
Solving x> +bx+c=0: (xizj +q+c=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.
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1. X =3t -4, y=5—%, t>0
(@) %=3, d—y=6t’2
dt dt
their d—ydivided by their & to give & in terms of t
dt dt dx M1
-2
12 S8 ) 6 2t = 32 or their dy multiplied by their a to gived—y in terms of t
dx 3 3t t t dx dx
-2
6% , simplified or un-simplified, in terms of t. See note. | Al isw
) Cnn dx dy - [2]
Award Special Case 1t M1 if both m 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 i—]’z and writes d_y as a
(a) B 18 dy B 18 B 18 dx (X+ 4) dx M1
Way2 | ° ~ x+4 dx (x+4)? (3 _______functionoft.
Correct un-simplified or simplified answer, .
. Al isw
in terms of t. See note.
[2]
(b) t=£:> P —E,—7 x=—§,y=—7 or P —E,—7 seen or implied. | B1
2 2 2 2
dy 2 . . _ . . dy
vl (1)2 and either Some attempt to substitute # = 0.5 into their —=
2
which contains t in order to find m_ and either
° y _n_ 7|| — "8"()6 _n_ %II) ) ) ) T ]
applies y - (their y,) = (their m,)(x - their x,) | M1
"-T"=("8)("-2" + e or finds ¢ from (their y,) = (their m_)(their x,) + ¢
So, y = (their m;)x +"c" and uses their numerical ciny = (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 _ 4 :} y=5- f . An attempt to eliminate t. See notes. | M1
X
Way 1 [3 ] Achieves a correct equationin xand y only | Al o.e.
P y= 5- 18 P = w
+4 x+4
5x + 2 5x + 2 N .
So, y= , >-4 = or implied equation) | A1l cso
y=" {r>-4} y=" (orimplied equation)
(3]
©) 6 18 An attempt to eliminate t. See notes. | M1
Way 2 L= 5-y g y - Achieves a correct equationin xand y only | Al o.e.
P (x+45-y)=18 P 5x-xy+20-4y=18
+ +
{ID 5x+2=y(x+ 4)} So, y= Sx+2 : {x > —4} y= Sx 2 (or implied equation) | Al cso
4 x+4
3]
Note: Some or all of the work for part (c) can be recovered in part (a) or part (b) 8
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A full method leading to the value M1
1.(c) _3at-4a+b _ 3at_4a-b_  da-b . of & being found
way3 | YTy ava x4 4a-b
y=a- and a=5 | Al
4a-b
=6 = b=4(5)-6(3) =2 Both a=5andb=2 | A1
3]
Question 1 Notes
)
1.(a Note 2
@ Condone & =M for Al
dx 3
Note You can ignore subsequent working following on from a correct expression for g_y in terms of t.
X

b Using a changed gradient (i.e. applyin — or . or —(their £)) is MO.
(b) Note g ged g (i.e. applying their & °" Their ( dx))

Note Final Al: A correct solution is required from a correct g_y

X

Note Final Al: You can ignore subsequent working following on from a correct solution.

(©) Note 15t M1: A full attempt to eliminate t is defined as either
e rearranging one of the parametric equations to make t the subject and substituting for t
in the other parametric equation (only the RHS of the equation required for M mark)
e rearranging both parametric equations to make t the subject and putting the results equal
to each other.
Note Award M1A1 for SL = %4 or equivalent.
-y
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Sﬂfg?f{ Scheme Notes Marks
( )
2 2+kx)= 2 [1+k—x] e 3)[ ] M(k"] NI
2 8 2! 2
(@) {A = }% %or 27% or 0.125, clearly identified as A or as their answer to part (a) | B1 cao
[1]
Uses the x? term of the binomial expansion to give
2 2
either DD o K or kx or £IEY o6 [ Mt
2! 2 2 2
(b) 1) (=34 (kY
8 a |2 either (their A)( Sl 4)[ ) or (theer)%[ksz ;
where (their 4) 11, | Ml oe.
3 3 (=3)(-4) 55y (=3(=4) 12
or —k* or —k’x* or (2°)—2—L(kx ~—= 2 (k
1Ko kX or (2°) 20 (kg7 or ()T (k)
2
S0, (EJM(EJ _ 28 32 2 1o_g
8 2! 2 16 16 16
So, k=9 k=9 cao | Al cso
Note: & = %9 with no reference to k =9 only is A0 [3]
) Uses the x term of the binomial expansion to give either
. . . k . kx .
their 4)(-3)| — | or (their 4)(-3)| — |; where (their 4) 11,
[1] (_3)[5] (their ) )[Zj (their ) )[zj (their )21, |
or (2 (=3)(k) or (2)*(~3)(kx) or %
S0, B = H (-3)[9] ~lpg=_2 20 o1t o 16875 | Al cso
8 2 16 16 16

(2]
6

Question 2 Notes

NOTE | IN THIS QUESTION IGNORE LABELLING AND MARK ALL PARTS TOGETHER.
1 3 3 1 3 3
2+k '3:—[1——kx+—k2 2+...j = - ket kX +
Note | (2+hx)7=gll-2hrtokx 8 16 16
-3
Note | Writing down {(1+Qj } 1+ (- 3)( j M(kxj +
2 2! 2
gets (b) 18 M1
. o 1 (-3)(-3 - 1)(kxj
Writing d 2+kx)?® 1+ (-3 — 7
Note riting down {(2+kx)*} = 8[ (- )( j - S|+
gets (b) 1M1 2" M1 and (c) M1
Note | Writing down {(2+ kx)‘3} =27+ (-3)(27")(kx) + &2(_4)(2'5)(1002
gets (b) 1M1 29 M1 and (c) M1
( )
Note | Writing down {(2+kx)‘} (their A)k1+( 3)[ ] M( 2} J

2!
where (their 4) 21, gets (b) 1M1 2" M1 and (c) M1
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2. (b), (c) | Note | (their A) is defined as either
o their answer to part (2)
e theirstated 4 = ...
-3

e their "27*" in their stated 2‘3(1+ ]%x]
Note | Give 2" MO in part (b) if (their 4) =1
Note | Give MO in part (c) if (their 4) =1

2.() | Note | Allow M1 for (their A)(-3)(w]
27
Note | Award AO for B = - Ex
Note | Allow Al for B = —Ex followed by B = 2 or —1E or —1.6875
16 16 16
Note | k =-9 leading to B _2 or 1E or 1.6875 is A0
16 16
. - 27 27 , . N 27 -
Note | Give AO for finding both B = T and B= 6 (without rejecting B = E) as their final answer.
Note | The A1l mark in part (c) is for a correct solution only.
Note | Be careful! Itis possible to award MOAQO in part (c) for a solution leadingto B = —i—;. E.g.
f(x)= (2+kx)?=2°1+kx) 3= 5[1 +(-9)(kx) + w(kx)z + ] R A
8 2! ) 8 8 4
. 1 9 27
leadingto (a) 4 = g (b) k= > (c) B= TY gets (a) B1, (b) MIMOAO (c) MOAO
2.(b), (©) | Note | °C,(2)°+7°C,(2) *(kx)+ °C,(2) °(kx)’ with the C terms not evaluated

gets (b) 1 M0 2™ MO and (c) MO
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Notes

bbbb
Marks

3.

x|

0 |

0.2 | 04

| o6 | o8 | 1 |

yl

2

| 1.8625426... | 1.71830 | 1.56981 | 1.41994 | 1.27165

y =
|

6
(2+¢€)

(a)

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

1.86254

Bl cao

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

[1]

(b)

%(0.2)[2+1.27165+ 2(their 1.86254 + 1.71830 + 1.56981 + 1.41994) |

1 1
or — Oor —x—
10 2 5

Outside brackets %x (0.2)

1

Blo.e.

For structure of [ ....... ]

M1

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

anything that rounds to 1.6413

Al

[3]

(©)

{u:e" orx:InuD}

du
dx

—=e'or —

du

X

dx 1
—yor —=

u u

= or du=udx etc., and (\)

6 e = A 6
(" +2) 0 (u+ 2)u

du See
notes

B1*

{x=0} P a=e"P a=1
{x=1} b b=¢e'b b=¢

or evidence of 0 >

a=land b=e or b=¢

1 andl—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
u(u +2)

o

A B

e
u (u+2)
P 6° A(u+2)+ Bu

u=0P 4=3
u=-2Pp B=-3

Writing

oA, B 1

_ ——,0e.0
u(w+2) u (ut2) u(u + 2)
o0.e., and a complete method for finding the value of at least one of

P, 0

u (u+2)’

their A or their B (or their P or their Q)

M1

Both their 4 =3 and their B = -3. (Or their P =1 and their

O = -+ with the factor of 6 in front of the integral sign)

Al

_((3

j 6 du =
u(u + 2) u

=3Inu -3In(u+2)
or =3In2u - 3In(2u +4)

3

)
(u+2)Jdu

M
Integrates — +
u uxt

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

, M,N,k?*0;

obtain either

+ IIn(au) or =min(b(uxk)); I,m a, b10

M1

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)) - (3Inl =3In 3)

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

dependent on the
Applies lim

2" M mark
itsofeand 1

(or their b and their a, where »>0,5%1,a>0) inu

or applies limits of 1 and 0 in x and

subtracts the

correct way round.

dMm1

= 3-3In(e+2) +3In3 or 3(1-In(e+2)+1In3) or 3+3In(i)

or 3In(i) —3In[£j or 3—3In(
e+2 3

%} or 3In(i] or In{ 27e" }

e+2

e+2

(e+2)’

see notes

Al cso

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

[6]

Note: Give final A0 for 3-3Ine+2 + 3In3 (i.e. bracketing error) unless recovered.

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

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

12
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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 Al 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
%(2+1.27165) + %(their 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

Award B1MOAO for %(0.2) + 2 + 2(their 1.86254 +1.71830 + 1.56981 + 1.41994) + 1.27165 (=16.51283)
Award B1MOAO for %(0.2)(2 +1.27165) + 2(their 1.86254 + 1.71830 + 1.56981 + 1.41994) (=13.468345)

Award B1IMOAO for %(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 N 1.71830 +1.56981 + 1.56981+1.41994 N 1.41994 +1.27165}
2 2 2 2 2

Area =~ 0.2 x {

= 1.641283
Bl 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)

15t B1 | Must start from either
. Oy dx, with integral sign and dx

\

6
O(e* +2)

(‘) 6 d—xdu, with integral sign and d—xdu
(e* +2) du du

dx, with integral sign and dx

and state either d—u =e‘or d—u =y or d—x = 1 or du =udx
x dx du u

du, with integral sign and du, with no incorrect working.

and end at(\) ( 6+ 2)
u\u

de= |—2
e+2 " 0uur2

Note | So, just writing 3—” =¢* and 0 du is sufficient for 15 B1
X

Note | Give 2" B0 for b= 2.718..., without referenceto a=1and b=e or b=¢'

Note | You can also give the 1% B1 mark for using a reverse process. i.e.
6

dx, with no incorrect working,
(e" +2)

Proceeding from 0 du to 0

u(u + 2)

and stating either du =e'or du =y or dx -1 or du=udx
dx dx du u

3. (d)

Note | Give final A0 for 3-3In(e+2) + 3In3simplifying 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 A0

Note [—3In(u +2) +3In u]j followed by awrt 1.64 (without a correct exact answer) is final M1AOQ
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Question 3 Notes Continued

3.(d) Note | BE CAREFUL! Candidates will assign their own “A” and “B” for this question.

+ E with at least one of A or B correct is 1%t M1

Writing down in the form
Note J (u+2u u+2) u
.. -3 3.
Writing down as +—is1**M1 1% Al
Note J (u+ 2u u+2) u
(3 3 ) : . )
Note | Condone ||~ - du to give 3Inu - 3Inu+2 (poor bracketing) for 2" AL.
Lu (u+2) J

Note | Award MOAOMZ1ALft for a candidate who writes down

e.g. J'Ldu = J‘(§+ 6 jdu = 6Inu + 6In(u+2)
u(u + 2) u (wm+2)

6
u(u +

AS EVIDENCE OF WRITING AS PARTIAL FRACTIONS.

Note | Award MOAOMOAO for a candidate who writes down
\ 6
0 u(u + 2)

du = 6lnu +6In(u+2) or (‘) du = Inu+6In(u+2)

u(u + 2)

WITHOUT ANY EVIDENCE OF WRITING

as partial fractions.
u(u + 2

Note | Award M1A1M21A1 for a candidate who writes down

(‘) ® i = 3Inu - 3In(u+2)
u(u + 2)

WITHOUT ANY EVIDENCE OF WRITING as partial fractions.

u(u +

du we can allow a maximum of M1IAOM1A1ftM1AQ

e
Note | If they lose the “6” and find 0 (s
1 u(u
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Question 3 Notes Continued
3.(d) 6 q 3(2u + 2) 6u
u= | —— du
Way 2 {J-u2+2u u?+2u u®+2u
ta(2u+2)
du d 6=0
J‘3(2u+2) N oy du} Ou {a}, @ p. M1
u+2u u+2 -
Correct expression | Al
Integrates iMZ(ZMJr 2) + N , M, N, k0, to obtain
u-+2u uxtk M1
2 .
—3In(u® + 2u) - 6In(u +2) any one of + FIn(u” +2u) or xmin(b(u £ k));
I, m b0
Integration of both terms is correctly followed through from A1 ft
their M and from their N
dependent on the 2" M mark
{So, [3In(u2 +2u) - 6In(u + 2)] } Applies limits of e and 1
1 (or their b and their a, where dM1
b>0,b21,a>0)inu
= (3In(e2 +2e)-6In(e+ 2)) - (3In3— 6In3) or applies limits of 1 and 0 in x and
subtracts the correct way round.
= 3In(e’ +2e) -6In(e+2) +3In3 3In(e® +2e)—6In(e+2) +3In3 | Aloe.
[6]
3. (d) Applyingu=¢g-1
Way 3 e 6 1+e 6 1+e -1
du = ——df = du =|3In M1AIM1A1
“ u(u+2) H (0-1)(6+1) j 0 - [ (e+1ﬂ2
- - rd H
= 3In[1+ ¢ 1] - 3In[2—1j = 3ln[ij - 3|n[1] "M mark is dependent |y, 54
e+l+1 2+1 e+2 3

on 2" M mark

[6]
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Question
Number Scheme Notes Marks
4, 4x* -y - 4xy+ 2" =0
@) B a2y _
Way 1 EXX 8x 3ydx 4y 4xdx 2 Inzdxi) MLAL M1 B1
8(-2) - 3(4)2d—y - 4(4) - 4(—2)d—y +2° In2d—y =0 | dependent on the first M mark | dM1
dx dx dx
-16 - 48d—y -16 + 8d—y + 16In2d—y =0
dx dx dx
& = 32 or -32 r 4 or or exact equivalent | Al cso
dx -40+16In2 40-161In2 -5+2In2 -5+1In4
NOTE: You can recover work for part (a) in part (b) [6]
-1
-40+16In2 40 —16In2 i =—tofi i
(b) eg. m, - - or = Applying m, py to find a numerical m, M1
Can be implied by later working
. y-4a= (40—16"12}()( __2) Using a numerical
32 my, (X m.), either
. 40 - 1612 y-4=my(x-—2)
Cutsy-axis > x=0= y-4= [T](Z) and sets x=0 in their | M1
normal equation
_(40-16In2 or
4= [T] (-2)+c 4 = (their m)(-2) + ¢
_ 40 - 16In2 _ 104 - 16In2
= c=4t — | 0y =———— =
16 16
y(OI’c)=E—|n2 %—Inz or E—In2 or —In2+E Al cso isw
2 16 2 2
Note: Allow exact equivalents in the form p - In2 for the final A mark [3]
| 9
(@) B g g _ gy % 4t Tm2=0 Bl
Way 2 )é( xdy y ydy X =Y M1Al M1 B1
dx 2 dx 4 — i
8(—2)d— - 3(4)° - 4(4)d— -4(-2)+2°In2=0 dependent on the first M mark | dM1
4 y
& = 32 or -32 or 4 or or exact equivalent | Al cso
dx -40+16In2 40-161In2 -5+2In2 -5+1In4
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
L . ik B oA oores MIAIMIBL
dx -3y" -4x+2"In2 3y +4x -2"In2
dy _ 8x -4y 4y - 8x

scores M1AOM1B1

dr -3y -4x+2"In2  3)” +4x - 2"In2

Writing 8xdx - 3y*dy - 4ydx - 4xdy + 2” In2dy = 0 scores M1A1IM1B1
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Question 4 Notes Continued

4. (a) 1t M1 | Differentiates implicitly to include either + 4x% or -y’ > iﬂyzj—y or 22 >+ mzyj—y
X X x
(Ignore (j—y =j). I, m are constants which can be 1
X
1t A1 | Both 4x* —y?® —>8x—3y23—y and =0—->=0
— X
Note e.g. 8x- 3y2d—y -4y - 4xd—y + 2”|n2d—y - - 3y2d—y - 4xd—y + 2y|n2d_y =4y -8x
dx dx dx dx dx dx
or e.g. -16- 48d—y -16+ 8d—y + 16In2d—y - - 48d—y + 8d—y + 16In2d—y =32
dx dx [x x  dx dx
will get 1% Al (implied) as the "= 0" can be implied by the rearrangement of their equation.
d d d d
29 M1 | -4xy —> -4y - 4= or 4y - 4x2Y or - 4y + 4x2 or 4y + 4x~
- dx dx dx dx
B1 2 522 or 27 e ¥
dx dx
Note If an extra term appears then award 1% AQ
3"9dM1 | dependent on the first M mark
For substituting x =—2 and y = 4 into an equation involving j_y
X
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 j_y
X
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.
Eg. Award 1% M1 and 2™ M1 for 2— 4_ : L
2 their m; evaluated at x =—-2and y = 4
Note Al: Allow the alternative answer {y = } In(%j + 2}32 (In2) which is in the form p + ¢gIn2
n
4. (a) 1t M1 | Differentiates implicitly to include either + 4yd—x or 4x° —» * Ix%
Way 2 dy dy
(Ignore [S—x :j). [ is a constant which can be 1
y
2 3 dx 2 — —
15t Al Both 4x°-y° — 8xd——3y and =0—>=0
_ y
dx d d dx
2 M1 | -4xy - -4y— - 4x or 4y—x -4x or - 4y—x +4x or 4y— +4x
— dy dy dy dy
B1 2¥ - 2"In2
39 dM1 | dependent on the first M mark

For substituting x =—2 and y = 4 into an equation involving j_x
y
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Question
Number Scheme Notes Marks
5. y=e"+27, x30
Way 1 In4 2
2 For e +2e7"
{V =}p(\) (e" + 2e‘*) dx ”I( ) B1
0 Ignore limits and dx. Can be implied.
In Expands (ex + 2e"‘)2 — +ae” £ pe® + d where
— 2x —2X
= {”}L (e +4e + 4)dx a, 8,8 #0. Ignore 7, integral sign, limits and dx. M1
This can be implied by later work.
. . a
Integrates at least one of either +age®'to give +—e*
g g 2 M1 ™
” or +pe*to give ige‘z" a,b1o
1 n
= {p}{ae“ -2+ 4x} dependent on the 2" M mark J
’ e +4e > %ezx -2, | Al
which can be simplified or un-simplified
4 — 4x or 4e°x | Blcao
dependent on the previous
method mark. Some evidence of
((1 1 \ applying limits of In40.e. and 0 %
= {p}k[—ez('”“’ - 270" 4 4(In4)j - (—e" - 2%+ 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 O is required.
- [o-Leama)-(1-2))
8 2
= %p +4pin4d or %p +8plIn2 or 7[(% + 4In4j or 7{% + 8In2)
75 75 (o B0 1 Alisw
or —p+In2% or —p+pIn256 or Inj 2%es” | or =p(75+32In4 , etc
2P Ll | J 8p( )
[7]
7
Question 5 Notes
5. Note | = isonly required for the 1 B1 mark and the final A1 mark.
\ \ 2
Note | Give 1% BO for writing P() y*dx followed by 2p0(e" + 2e‘“‘) dx
2
Note | Give 1%t M1 for (e'“ + 2e"‘) — ¥ + 47 + 2" + 2¢° because o = 2e° + 2¢°
Note | A decimal answer of 46.8731... or p(14.9201...) (without a correct exact answer) is AQ
In4
Note pBe“ -2+ 4x} followed by awrt 46.9 (without a correct exact answer) is final AM1AQ
0
Note | Allow exact equivalents which should be in the form ap + bplnc or p(a + binc),
where a = n or 9§ or 9.375. Do notallow a = 150 or 9E
8 8 16 16
Note | Give BIMOM1A1BOM1AO for the common response
In4 In4 In4
pJ‘ (e* + 2e‘*’)2dx —>p_[ (ez" + 4e‘2“)dx = p[%ez" - 2e‘2‘} = %p
0 0 0
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Qufesief Scheme Notes Marks
Number

5. y=e"'+2™, x30
Way 2 In4 2
For e* +2e7*
{r =}p0 (e +2¢) dx 7| ) | &1
0 Ignore limits and dx. Can be implied.
u=e" p g—u:e":u and x=nd P u=4,x=0b u=¢e"=1
X
4 2 4
2) 1 4 1
V= u+=| =du = [2+—+4]—d
(o} (o0 2] 2w =} [+ 5w a)
2 3 1
(e'“ + 26”) - tautbutdu
:{p}J- [u+_3+—j u where u=¢",a, 8,5 #0. | M1
1 w.u Ignore 7, integral sign, limits and du .
This can be implied by later work.
Integrates at least one of either *&auto give i-%uz M1 N

4
= {p}[%uz - u_22+ 4|nu}1

dependent on the 2" M mark

u+dud - %uz -2u?,

simplified or un-simplified, where u = ¢*

Al

4u™t — 4lnu, where y = ¢*

Bl cao

{p}k ~(4)y - — 4In4J kz(l) ——+4In1U

dependent on the previous method
mark. Some evidence of applying
limits of 4 and 1 to a changed
functioninu [or In40.e. and 0 to an
integrated function in x] and subtracts
the correct way round.

dMm1

={ﬂ}as-;+4m@-e—zn

:§p+4pln4 or §p+8pln2 or ﬂ(§+4ln4j or n(§+8ln2j

75
or §p+ In2% or §p+pln256 or In(zg”egp} or %p(75+32ln4),etc

Al isw

[7]
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4 -1 > 3 - 20 Let g, bethe
6. Lir=128+A|-5|, L:ir=|3|+ul 0|;04=| 18 | liesonl, acute angle
4 1 1 -4 6 between I, and 1,
@ =, =)28-51-3(=1=-5) 28-54=3 or
4 1-5.3 ddeicl_d _ 4-1=5+3mand 4+ [=1-4m | Bl
or 4-2=5+3u and 4+A=1-4u = u=-2| or =5 or u=-2 (Can be implied).
4 -1 5 3 Puts / = [, and solves to find / and/or m
{OX :} 28|+5|-5| or |3|-2| O and substitutes their value for 4 into I, | M1
4 1 1 -4 or their value for 4 into /,
-1 -1
— -1,3,9) or | 3| or —i+3j+9k orcondone
So, X(-1,3,9) ( ) ol 3 | AL cao
9 9
[3]
-1 3 -1 3 Realisation that the dot product
V\/(b) L d,=|-5|, d,=| O|=|-5e¢] 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%t M mark. Applies
+ | —
S dot product formula | 4m1
c0S0 = 1) \-4 {: —7/ } between d,and d, ora
JED + (57 + @2 @ + (07 + (-4 | 27425 multiple of d,and d,
{7=1056303588... P} 0,,,, =74.36964117... =74.37 (2dp) | awrt 7437 seenin (b) only | AL
[3]
-1 2 -3
(© | AX="0x"-04=| 3 |-| 18 |=| -15 |or 4, X, P Ax=3d, {\dl\:«/f}
9 6
Full method for finding 4X or XA | M1
= -3)? + (- 2 + 2 {: \[ } =
AX \/( I +(-19)"+(3)" or 327 {=/243) =93 9+/3 seenin (c) only | Al cao
Note: You cannot recover work for part (c) in either part (d) or part (e). [2]
q YA Y—A_ =tanf or YA = (their ‘E‘)tan@. where 4is
vv(a;)/ | g (7436964 their ‘AX‘ M1
their acute or obtuse angle between |, and |,
YA =55.71758... = 55.7 (1 dp) anything that rounds to 55.7 | Al
[2]
() {A,, X,.s =S0 AX =2AB=Soat B, 1=350r 1=05)}
Way 1 _ i i +
. 4 ! 0-5 Substitutes either / :(the" J, found in (@) + 2
OB=| 28 |+3.5| =5 [;=| 105 2 M1
4 1 75 or 1,=3- (their /7, found in (a)) into 1,
2
4 -1 35 At least one position vector is correct.
_ : Al
OB=| 28 |+0.5| =5 |;=| 255 (Also allow coordinates).
4 1 45 Both position vectors are correct. | 4
(Also allow coordinates).
[3]
13
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Question
Number Scheme Notes Marks
6.(e) | {AX=24B= AB=14X. S0,0B=0A+ AB= OB=0A+1AX|
Way2 2 -3 0.5 — =
— Applies either 04+ 0.54X or 0O4-0.54X
OB=| 18 |+0.5| —-15 |;=| 10.5 h T = —7 | M1,
) . .5 where (their AX )= _[(thelr 0X)- OA}
) _3 35 At least one position vector is correct Al
e ) (Also allow coordinates)
OB=| 18 |-0.5| —-15 |;=| 25.5 -
6 45 Both position vectors are correct Al
3 : (Also allow coordinates)
3]
6 L 4-2 2 2-2 12-2) -3 )
Wa(e)3 B=| 28-51 |-| 18 |=| 10-52 |=| s502-24) | ax=| -1s AX"=243P
y 4+ 2 6 -2+1 ~1(2-2) 3 AB*=27(2- I
2 2 2 2 9 2 189
AX =24AB P AX® =44B° P 243=4(27)(2- )" B (2- 1) :Zm 271 —1O8I+T=O
or 108/° -432/+189=0o0r 4/ -16/+7=0b I=350r /=05
4 -1 05 Full method of solving for [ the equation
N 2 _ 2 e v T
OB=| 28 |+35| =5 [:=| 105 AX® = 4_AB using (their AX) _and AB ML:
4 i 75 and substitutes at least one of their values
' for [/ into [,
4 -1 35 At least one position vector is correct
Py ' (Also allow coordinates) Al
OB=| 28 |+0.5| =5 |;=| 255 -
Both position vectors are correct
4 4.5 ;
1 (Also allow coordinates) Al
Note: AX =248 = AX = +24B. Hence, /=3.50r /=0.5 can be found from solving either [3]
x:-3=x2(2-0or y:-15=+2(10-5Norz:-3=x2(-2+ 1)
6. (e) B L . o
Wayd | 1 3 0.5 Applies either (their (E)+0.5£A
OB= +05] 15 [;=] 105 or (their OX)+1.5X4 | ML;
9 -3 7.5 where (their X4)= OA — (their OX)
-1 3 35 At least one position vector is correct |
OF < +15] 15 |:= 25"5 — (ﬁ_lso aIIo:/v coordinates)t
oth position vectors are correc
9 -3 4.5 (Also allow coordinates) Al
3]
6. (e)
Way5 | -1 2 0.5 | -
0B=05| 3 [+ 18 ||;=]| 105 Applies —[(their 0X)+0AJ M1;
2
9 6 7.5
At least one position vector is correct
2 -3 ;
— 3.5 (Also allow coordinates) Al
OB=| 18 |-0.5| —-15 |;=| 25.5 .
6 4 Both position vectors are correct Al
3 > (Also allow coordinates)
3]
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Number Scheme Notes Marks
6. (€) ‘AX| 3\/—:>K—i:3:>ﬁ 3d,;S0, OB=0A+LAX =04+ 1(3d,)
Way 6 33 2 2
2 -l 0> A4+ 0.5(K jpp(l)lzs;lther
— or
0B=| 18 |+0.5[3] =5 ||;=] 105 0A+0.5(Kd,) or 0A=0.5(Kd,). ML
6 1 75 their ‘ AX’ '
where K = —————
343
. 2 -1 3.5 At least one position vector is correct AL
OB=| 18 [-0.5(3] =5 |[|;=| 255 (Also allow coordinates)
6 1 4.5 Both position vectors are correct AL
(Also allow coordinates)
(3]
Question 6 Notes
6. (a) Note | M1 can be implied by at least two correct follow through coordinates from their /or from their m
(b) Note | Evaluating the dot product (i.e. (-1)(3) + (-5)(0) + (1)(-4)) is not required
for the M1, dM1 marks.
Note | For M1dM1: Allow one slip in writing down their direction vectors, d, and d,
Note | Allow M1 dM1 for
(1) ([ 3)
(Ve 57+ @7 @ + @7+ (47 Jeosg= ¢ | -5 |-| o
1 -4
Note | g=1.297995...°, (without evidence of awrt 74.37) is AO
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) o Realisation that the vector
- i j Kk . .
o cross product is required
d xd,=| -5 |x 0 = -1 -5 1|=20i-j+15k betweend, and d, M1
1 -4 3 0 -4 or a multiple of d,and d,
Applies the vector product
2 2 2
sing = ‘/(20) (=D + (A5 formula betweend, and d, | gm1
Y17+ (-5 + (1 (37 + (0)F + (-4 or a multiple of d,and d,
\626 .
sing = \/7 \/7 P g =74.36964117... = 74.37 (2 dp) awrt 74.37 seen in (b) only | Al
(3]
6. (c) M1 | Finds the difference between their O.X and OA4and applies Pythagoras to the result to find AX or XA
OR applies [(their /, found in (a)) - 2N(-1)2+ (=5)%+ (1)2
Note | For M1: Allow one slip in writing down their OX and 04
[ 3)
Note | Allow M1AL for leading to AX = /(3)2 + (15)° + (3)? = /243 = 94/3
3
(e) Note | Imply M1 for no working leading to any two components of one of the OB which are correct.
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Number

6@ | "oV their|TX| their|ﬂ|
: "9v3”" " " —— ' =tan(90 — @) or 4Y = ————,
Way2 | —y, = (90 - "74.36964..") A an( ) tan(90 — §)" | M1
where @ 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) Y4 _ "94/3" .YA = — ‘ ‘ o.e., where @isthe | p1q
Way 3 | §in("74.36964..") _ sin(90 - "74.36964..") sing - sin(90—6)
acute or obtuse angle between |, and I,
= 9x/§sm(74.36964,._) = 55.71758... = 55.7 (1dp) anything that rounds to 55.7 | Al
sin(15.63036...)
[2]
(1) 5 3 5+3u
6. (d) _| _ = _
Way 4 d = 5|, oY= 3 |+u|l 0 |= 3
1 1 -4 1-4u
2 S5+3u -3-3u
Yd=| 18 |-| 3 |= 15
6 1-4u 5+4u
—3-3u ~1 (Allow a sign slip in copying d,)
Yded =0 = 15 |of =5 =0
5+4u 1 . — o M1
Applies Y4ed =0 or AYed =0
b 3+3m-75+5+4m=0 P m:677 or YAe(Kd,)=0 or AYe(Kd,) =0
to find /7 and applies Pythagoras to find a
( 67 \2 2 [ 67 \2 numerical expression for AY? or for the
2
YA" = L"3 B 3(_] * (15) * LS * 4(_] distance AY
222\’ 303)’
2
So, YA = [-—) +(15) +(—]
7 7
=55.71758... =55.7 (1 dp) anything that rounds to 55.7 | Al
. — 2
Note: OY=¥i+3j—?k,AY=—27£i+15j+¥k g




Summer 2017

www.mystudybro.com

Mathematics C4

Past Paper (Mark Scheme) This resource was created and owned by Pearson Edexcel 6666
Question
Number Scheme Notes Marks
7. d—h:k (h-9), 9<h£200; h:130,d—h:-1.1
de dt
. . dh dh
Substitutesh =130 and either — = -1.1 or — =1.1
(@) -11=%+/(130-9) b k=.. dt dt M1
into the printed equation and rearranges to give k = ...
S0, kz—ior -01 kz—ior -0.1 | Al
10 10
[2]
(b) J- dh J- Separates the variables correctly. dz and d¢ should not be in
= | kdt the wrong positions, although this mark can be implied by | B1
Way 1 V(h-9) later working. Ignore the integral signs.
_1
v“(h—Q) 2.dh= I k dt
Integrates ———= togive =m/(h-9); I,m20 | M1
1 J(h-9) (h-9)
OO _ ki (re) (h-9)’ (h-9)’
(1) ~—= Kt or = (their k )z, with/without + ¢, Al
(3) (3)
or equivalent, which can be un-simplified or simplified.
Some evidence of applying both
{t =0,/ =200 ID} 24/(200-9) = k(0) + ¢ t =0 and 4 = 200 to changed equation | M1
containing a constant of integration, e.g. c or A 7
bc= 2,/191 b Z(h_g)% — _0.1t+ 2191 depe_ndent on the pre\_/ious M mark
Applies h =50 and their value of c to
{h=50=} 2(50-9) = -0.1t + 2191 their changed equation and rearranges | dM1
t=.. to find the value of t = ...
t = 204191 — 20+/41 t= 204191 - 20V4L isw | o1 oo
or t=148.3430145... = 148 (minutes) (nearest minute) or awrt 148
[6]
(b) % dh T Separates the variables correctly. d/ and d¢ should not be
=| kdt in the wrong positions, although this mark can be implied | B1
Way 2 /
y 200/(h—9) 0 by later working. Integral signs and limits not necessary.
50 1 T
I (h-9) 2dh =I k dt
200 0
Integrates — togive =m(h-9); I, m10
. )1 6 g =) 9 (h-9) M1
—0)2 T
=kt _9g)? _0Q)?
(%) [kt] (=9 i o 27 (their k)¢, with/without limits,
200 (%) ‘%' Al
or equivalent, which can be un-simplified or simplified.
Attempts to apply limits of 4 =200, ~ =50
241 -2 191= kt or kT and (can be implied) ¢ = Oto their changed equation | M1 7

241 -2\191 dependent on the previous M mark | .\, J
a 01 Then rearranges to find the value of t = ...

t = 204191 — 20+/41 t= 20191 - 20V/41 or awrt148 | .
or t=148.3430145... = 148 (minutes) (nearest minute) or 2 hours and awrt 28 minutes

[6]
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Question 7 Notes

7. (b)

1 dr _ 1

. .o dr .
Note | Allow first B1 for writing — = ———— or — = or equivalent
h k(h-m di (their k)+/(% - 9)
Note o _ Ieadmg tor=— w/(h - 9) (+ ¢) with/without + ¢ is BIM1A1l
dn k,/(h -
Note | After finding k 0.1in part (a) it is only possible to gain full marks in part (b) by initially writing

dh \ dh \ dh \

— = —k+J(h-9) or kdtor—=—0.1 h-9) or =N-0.1dz
dt ( ) 01/ h-9) 0 dt ( ) O‘I(h_g) 0
Otherwise, those candidates who find & = 0.1 in part (a), should lose at least the final A1 mark in
part (b).
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8. x =3gsing, y=sec’q, O£q<§
(a) {When y=8,}8=sec36':>cos36?=%:cosezé:>6'=% Sets y=8 to find @
and attempts to substitute their 6 | M1
k (or x) = 3[%)sin[%] into x = 3gsing
3
so k (or x) = & \/—’0 P Al
2 2 "%
Note: Obtaining two value for k without accepting the correct value is final A0 [2]
dx . 30sin@ — 3sin@ + 30cosé
— =3sind + 30cosH o .
(b) do SING A S0C0s Can be implied by later working Bl
. . dx
. Applies (+ K sec® (th _j
{ yj—x{dq}}zj‘(sec3q)(35lnq+ 3qcosq){dq} PP ( 5e¢ q) o dg/) | M1
q Ignore integral sign and dg; K * 0
. Achieves the correct result no errors in their working, e.g.
= 30qsec2q +tangsec’ g dg bracketing or manipulation errors. | A1 *
Must have integral sign and dé in their final answer.
x=0and x=k = =0 and ﬂz% a=0and ,B:z or evidence of 0—0 and k—>% B1
Note: The work for the final B1 mark must be seen in part (b) only. [4]
gsec’q — Agy(g) - B[ 9(g), 4>0, B>0,
where g(q)is a trigonometric functionin ¢ and | M1
= their jsec’gdg. [Note: g(g) * sec’q]
©) { \ } _ \ g(g) = their ysec’gdg. [ 9(q q
sec°qdg ¢ = gtang - gtangyd
Way 1 09seC 999 p = gtang=g q{ q} dependent on the previous M mark
Either [gsec’q — Agtang - BItanq, A4>0,B>0 | ym1
or gsec’qg — gtang- J'tanq
= gtang - In(secq) gsec’ g — gtang - In(secq) or gtang+ In(cosg) or
or = gtang+In(cosq) Igsec’ g — Igtang - In(secq) or Igtang+ fIn(cosq) | Al
Note: Condone gsec’q — gtang-In(secx) or gtang+In(cosx) for Al
. ; tan@sec’ O or [tangsec’q — +Ctan’q or +Csec’q M1
{Otanqsec qdq} or + Cu™, where u = cosq
— 1 2 2 2 1 2 1 2 1 2 1 2
= —tan“g or —sec“q tangsec®q — —tan“g or —sec“q or >—Or tan“qg - —sec’q
2 2 2 2 s°q 2
or iz where u = cosg or 0.5u°2, where u = cosq or 0.5u%, where u = tang AL
2u 2 Ao 2 A cap2 A
1 or Atan@sec”d — —tan“6 or —sec” 0 or ———
or —u® where u =tang 2 2 2cos® 0
2 or 0.54u%, where u =cosq or 0.5/u?, where u = tang
P 4
{Area(R)}:{ 3gtang - 3In(secq)+—tan q} or {3c7tamq—3ln(secc7)+§sec2 qT
0 0
=£ «/_ 3In2+ = (3)j (0) o (sgjﬁ—slnuz(@j—@]
— 9 1 9 1 9.3 Al
= — - et - — —1 L a3tV
2+\/§,0 3In2 or 2+\/§p+3|n[2j or 2+ 37-1In8 or |n[8e ] oe.
[6]
12
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Question
Number Scheme Notes Marks
8. (c) Way 2 for the first 5 marks: Applying integration by parts on (‘)(q + tang)sec’ gdg
Way 2 du
u=g+tang = — = 1+sec’q
(‘)(qseczq +tangsec’q)dg = (‘)(q + tang)sec? gdg, dg
VY =sec?qg = v=tang=g(q)
dg
h(g) and g(g)are trigonometric functions in gand g(g) = their (‘)sec2 gdg. [Note: g(g) * sec’q]
A(g +tang)9(g) - By (1 + h(g)9(g), 4>0,B>0 | M1
dependent on the previous M mark
H 2
= (g + tang)tang _0(1+ sec? q)tanq{dq} Either I[(q + tang)sec q] -
A(g + tang)tang - By (L + h(g))tang, A2 0, B>0 | dM1
or (g +tang)tang - (‘) (1+ h(g))tang
= (g + tang)tanqg - (‘) (tang + tangsec® q){dq}
| . 2 lg (g + tang)tang -In(secq) o.e.
= (g + tang)tang - In(secq) - ptangsec
(g + tang)tang - In(secq) - ( tang ¢{dq} or I[ (g +tang)tang -In(secq) | o.e. Al
. tangsec’q — +Ctan’q or +Csec’q | M1
= (g + tang)tang - In(secq) - =tan’q 1,
2 (q+tanq)tanq-§tan q
or = (g + tang)tang -In(secq) - Eseczq etc. 1, Al
2 or (g +tang)tang - Esec q
Note | Allow the first two marks in part (c) for gtang - (‘)tanq embedded in their working
Note | Allow the first three marks in part (c) for gtang - In(secq) embedded in their working
Note | Allow 3 M1 2" A1 marks for either tan?q - %tanzq or tan’q - %seczq
embedded in their working
Question 8 Notes
8. (a) Note | Allow M1 for an answer of k& =awrt 2.72 without reference to @ or 3—5_
243
Note | Allow M1 for an answer of & = 3(arccos(%))sin(arccos(%)) without reference to @ or 3—5_
243
Note | E.g. allow M1 for g = 60°, leading to k = 3(60)sin(60) or k = 90+/3
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8. (b) Note | Togain Al, dg does not need to appear until they obtain 30(qseczq +tangsec’q)dg
Note | For M1, their :—x where their :—x 1 3gsing, needs to be a trigonometric function in g
q q
Note | Writing (‘)(sec3q)(33inq +3gcosq) = 3(‘)(qsec2q+tanqsec2 g)dgq is sufficient for BIM1A1
Note | Writing 3—2 =3sin@ + 30cos @ followed by writing (\)y;i_x dg = 30 (gsec® g +tangsec’q)dg
q

is sufficient for BLIM1A1

Note | The final A mark would be lost for (‘) —3sing + 3gcosq = 3(‘)(qseczq +tangsec’q)dg
cos’q

[lack of brackets in this particular case].

Note | Give 2" B0 for =0 and & = 60°, without reference to & = %
(©) Note | A decimal answer of 7.861956551... (without a correct exact answer) is A0.
Note | First three marks are for integrating #sec® @ with respect to 6
Note | Fourth and fifth marks are for integrating tan &sec® @ with respect to &
Note | Candidates are not penalised for writing In‘secq‘ as either In(secq)or Insecg
Note gsec’ g — gtang +In(secq) WITH NO INTERMEDIATE WORKING is MOMOAO
Note | gsec’q— gtang-In(cosg) WITH NO INTERMEDIATE WORKING is MOMOAO
Note | gsec’q— gtang - In(secqg) WITH NO INTERMEDIATE WORKING is MIM1A1
Note | gsec’q— gtang+In(cosg) WITH NO INTERMEDIATE WORKING is MIM1A1
Note | Writing a correct uv - (\)vd—u with u =g, v =tang, du =1 and v = their g(g) and making
dx dg dg
one error in the direct application of this formula is 1% M1 only.
8.(c) | Alternative method for finding (‘)tan gsec’ gdg
du )
u =tang = —=secq
dg

dv )
—=sec’q = v=tang
dg

(tangsec’ gdg = tan’q - (tangsec’ gdg
P 2)tangsec’*qdg = tan’q

( tangsec?

tangsec’d or — +Ctan’q | M1

1
dg= =tan’
789 = e tanqseczqa%tanzq Al

u=S_s
or

ec :>d—u:sec tan
q dg guang

secgtang = v =secq

P (tangs

P 2)tangsec’qdg = sec’q

ec’gdg = sec®q - (jsec’ gtangdg

(tangsec?

tan@sec’d or — +Csec’q | M1

gdg= %seczq

tangsec’ g — %sec2 g | Al
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