U6 FM Mock Teacher X 25-26 SOLUTIONS [100]

8(a) d__y= Asin xsinh x+ Bcosxcoshx M1
X
d . . d’y :
— = - sinxsinhx+ cosxcoshx and @= - 2smxcoshx Al
2
d_y= Csinxcosh x ¢ y = Dcosxcoshx+ Esinxsinhx
M1
d4y
= Fcosxsmhx (unsimplified)
3
d—J;= - 2cosxcoshx- 2sinxsmhx and jx—y= - 4cosxsinhx Al
d'y
gz - 4y Al
)
(b) dsy— " n dy dsy— n n n " . .
ﬁ_ 4" — dx dxs - "4"cosxcoshx+ "4"sinxsinhx or Blft
y® ="—4"x their y'
When x= 0
y:()’ y':l, yn:(), y(3):_2’ y(4):0, y(5):_4
Uses their values in the expansion M1
2
y=y(0)+xy (0)+ y"(0)+—y(”(0)+ ‘4)(0)+ (5)(0)+---
3 5
X- —- _+ Al
(y ) 3 30

&)




(@)

the planes are coincident so) geometrically. the
planes meet in a straight line/they form a
sheaf.

2]

(1+34+u)—(4+A+pu)+2(3-2) B1 2.2a | AG substitutes into cartesian equation and obtains 3 or showing that 3
1430t A A — 1+ 6-24=3 = 3 —must be at least one line of intermediate working from
“TH ¢ substitution to given answer — as a minimum allow correct expression
without any brackets followed by 3. Alternative method would be to
find at least three points from the vector equation and show that all
three satisfy the cartesian equation
Alternative method
3 1 1 By direct calculation of cartesian equation
1 (x|1[|=|-1 3 1 1
il lla 2 Or| 1 |x|1|=[-1|sox—y+2z=1-4+2(3)=3
-1 0 2
1 1 il
v -1{=|ap -1|=1-4+6 ot
2 3)L2
x—y+2z=3
1
(b) 1 -1 2 Mi1* 1.1 | For determinant of a relevant matrix (e.g. rows interchanged but not
1 0 -3(=0) columns) — no MR of values in this part but allow a slip in no more
than 2 (of the 9) values
a -1 -1
0 -3 1 -3 1 0 Midep* | 1.1 | Finds determinant of their matrix as far as calculating 2x2
=1 -1 -l” -1 a -1 +2 a -1 determinants. May expand by any row or column. Ignore sign errors in
2x2 determinant calculations if shown, but cofactors must have
(=-3+(-1+3a)+2(-1)=3a- 6) correct signs.
Planes intersect at a single point if and only if Al 2.2a | AG - correct determinant followed by 2 and either mention of that for
det M # 0. Therefore 3a —6#0 = a#2. a single point of intersection determinant # 0 or for no single point
of intersection determinant =0 - allow substitution of 2 into correct
determinant to obtain 0
, 3]
© x) (1 -1 2Y(3 Bl | 11 1 -1 2)7(3
yi=/1 0 -3 This mark is for a clear intention to consider |1 0 -3 1]|so
z 3 -1 -1 4 3 -1 -1 4
1 -1 2)(x 3
1 0 =3 y|=|1] onlyisB0.For reference the correct inverse is
3 -1 -1){z 4
. -3 -3 3 x 3
—| -8 -7 5. Allow | y|= M1 providing M defined (in this
-1 21 z 4
part or in part (b))
[0__2__lj B1 11 BC - values must be exact but allow x=0,y = —%.z = —% and
3 3
condone position vector — this mark is independent of the previous B1
mark
[2]

@ []:x-y+2z=3 B1* 1.1 | For showing consistency (must explicitly link all three equations
[2]:x-3z=1 together). Note that eliminating x gives 5z —y = 2 or eliminating z
[3]:2x—y—z=4 gives 5x — 3y = 11, but these must be derived twice for B1. No MR in

- { - N . this part (so must be using the correct equations). Stating the equation
So[1]+[2]=[3]er 3] - [2]=[1] of the line where the three planes meet with no working scores zero
marks in this part
So. equations are consistent (and as none of Bldep* | 3.2a | For “consistent/infinite solutions™ and either “line” or “sheaf”

If B0 B0 then SC B1 for implicitly showing consistency (e.g. [1] +[2]
= 2x— y—z =4 but not explicitly linking this to [3]) together with
‘consistent/ infinite solutions’ and either ‘line’ or ‘sheaf’




(@) DR
| zl =57 +5 (: 52 ) B1* 1.1 | For completely correct working for either |:| or arg(z) or for the
3
s ; correct answer of 5v/2e "I(accethSO and any exact equivalent
or arg(2)=zr—tan"[g] [=Z/‘I} for %rr)
3
or Sﬁe?’ For |:| must see either 25+ 25 or \/(—5)2 +5% or \/52 +5% but
not just4/50 or S\E
. a5 1 a5
For arg(z) must see either 7 —tan rk ST tan 3 or
o 5 . . 5
7+ tan -3 or equivalent with tan8 = 5
5 Zeéx from complete working Bldep* | 1.1 | www must have shown complete working for both3 z|and arg(z)
as DR — accept+/50 and any exact equivalent for er
1 [2]
®) 36 4 Bl 3.1a |DR
|w| a7 EJ Correct modulus of |w| seen anywhere (check final answer)
1 .. (1 1 .. 1 M1 21 . 1 (1YL
cos| 7 |~isin| 7 |=cos| —_7 +isin =7 Correctly re-writes cos 77 |~isin| —7 | in either modulus-
—%x argument or exponential form, or states that the argument of the
ore 1
numerator is ——7 of —7
7 7
(3 . (3 . 3 .. (3 M1 3.1a .. (3 (3. .
sin| — 7 } +icos 77 =i cos(;/{ ] —1isin 711] Correct first step to re-writesin Ol +icos 27 jin either
3 LI i modulus-argument (so in terms of ¢ + is) or exponential form e.g.
orie” ore’e’ or ————————— 13 13 3 3
3 .. (3 P isinl =7 -2 R 27 |+isinl 2
—COS(;I]+1$H}[;7IJ cos( l 77rj+1sm( 37 7/r) or 1( cos( - /T] 15111( = /r)]
. (3 . 3 1 .
If argument of sin 7/‘!‘ +icos ;lz stated as E/r without one
step of correct intermediate working, then M0
—1;: —,%x 3 Al 1.1 | Correct simplified argw which follows directly from their
< LA L -ilx
3 1 7 3
I LA v . .. € o . 1
e2 xe 7 eW working — allow as a minimum ——=¢  (oe) provided —7
13 13 ol 14
imx e 1§x e
- =——=ck¥ in denominator derived convincingly (see previous M mark). Note
1=T - i—x 3
e xe 7 el that argw = _ﬁﬂ stated with no working is A0
4 iZx . 36 iZx »
w=—el Al 2.2a | Dependent on all previous marks — allow ~——e ¥ and any positive
. 25 . 4 -idx 4 2%
multiple of Ve Common incorrect answers are —e ~ or —e ' -
these score B1 M1 only
[5]
8 | (b) Alternative method
Il = 36 (_ 4 ] B1 Correct modulus of || seen anywhere (check final answer)
2 3
! . - : M1 Multiplying numerator and denominator by a correct suitable
cos(—n]—isin(—ir] si.u(—ir)—icos(—lr] conjugate
g 4 ). 7 U For reference:
GrJrisol3) sal5)-ion(3)
sin| =7 |+icos| =z | sin| =7 |—icos| =7
e il el e el
cos|—x |sm|—x|-sm|—x|cos|—x |—1|sm|—x |sm|—x |+ cos|—rx |cos|—T
7 7 7 7 7 7 7 7
e
sm |—x|+cos |—7
7 7
M1 For correctly writing the numerator as a single term in sine and a
3 1 3 1 single term in cosine — the angle must be seen as two separate
=sin| —7—=7x |—icos| =7 —=7
7 7 7 7 o (1 3 A 1 3
terms e.g. —sin| =7 — =7 |—icos| =T —=7
T/ 7 7 7
1 2 el 2 Al Correct simplified argw with at least two terms shown e.g.
=cos| —7—=7x |—isin| —7—-=7 1 2 3
288 2 9 = T— ;ﬂ'. Note that argw = —l—47r stated or implied with no
3 A
= cos(—ﬁ ﬂJ + 1sm(—— 7{] working is A0
4 Zx Al . 36 iZx o
w=—el Dependent on all previous marks — allow = 4" and any positive
4 .10
multiple of % A common incorrect answer is ge B ie i
these scores B1 M1 only
[5]




(@) DR Bl 1.1 ] ] ] . ] (1
30 Correct integration — this mark can be implied by seeing 80sin™ | —k
dx=805in'1[—x] 5
25-x% but www (so if x missing from the integrated expression before the
limits were applied then B0) — this mark can also be awarded for
sin'l{lx) from J‘;zdx
5 25-x
' 80 de = 805111’](11{] _ ﬂ” Mi 21 For setting up an equation of the form asin™(bk)—asin™(0) = ﬂ/r
oN25-x s)73 10 }
or asin™(bk) = ?7{ where a # 0.b# 0 or 1 oe (e.g. may have
divided both sides by 80). Must have come from their asin™ (bx)
sm'l(lk] _ l” ) g3 Al 1.1 | cao—oe e.g. 2.5 - do not need to explicitly see sin™(0) = 0 for full
5) 6 N marks
[3]
(b) 80° M1 1.1 | Rearranging to make x* the subject — allow sign errors only when re-
TR ging j an y
- ¥’ arranging
M1 3.1a 20
T ( [— 64?0 +25 )dy Integral of the form nJr [le +k, de for any non-zero k., k, with
16 ¥y 16 y
correct limits, MO if 7 missing but condone missing dy
=207 Al 1.1 | BC —must be exact (ISW if correct exact answer seen and then
replaced with non-exact). A correct answer with no working (or no
incorrect working) can score full marks (as this part is not DR)
[3]
— 2x x -X
. . e —e™* e’ —1 e —¢
9()(a) sinhx=| ——— | and tanhx = = or ——— B1
2 e +1 e +e
3. 1 3(e"—e™) e¥-1 1
—sinhx=tanhx+—== == -
4 5 4 2 e’+1 5
3(ef—e™) e —e” M1
or — == —
4 2 e* +e
eading to a quartic equation for e
Leading t 't tion for e
156" —48e™ +32¢" —15=0 * Al*
3)
o 4 3 . .
@i)(b) 15(3) —48(3) +32(3)-15=0 therefore e =3 is a solution Bl
@
@@ | (n31) Bl
@
. 1
(ii) ox 1
— dx = Ae*
X
Ml
_ — — u
u=x'=>—=—x" :>.[x Ze". > =j—e" du
—X
1
1
X —
e_2 drx = —ex Al
X
o - 1 1 1
e . - - -
— dx=lim| —*| = —e |—| —e* Ml
X t—0
-4 4
1
1 o < 1
-1 Y] © Tax *
t—>0 =>-—>—n=>e’ -0 therefore | — dx=e Al
t X
—4
)




y = Ae~3 + Bte™3¢
=y’ = —34e~3 + Be ™3 — 3Bte% Differentiating given CF twice | Condone use of e.g. X instead of ¢
= y"” =94e~3t —3Be3t —3Be~ 3t M1 3.1a | using product rule. Allow sign | for this mark but not a mixture.
+ 9Bte 3t errors in either derivative (but
coefficients must be correct).
~y"+6y' +9y=
94e~3t — 3Be~3t — 3Be 3 + 9Bte 3t Cancelling or combining terms | Condone arguments leading to e.g.
—184e73t + 6Be 3t — 18Bte 3t 4+94e 3t need not be seen. but all must be | 0 = 0 provided all terms correct.
+9Bte~3t = 0 (as required for a CF.) Al 2.1 | present before = 0.
2]
) PL Tryy = at’e™3 B1 1.2 | Correct form for PI. Allow more | Condone use of e.g. X instead of ¢
general forms e.g. at?e ™3 + .- | for this mark and the first 3 M
if subsequent coefficients 3, ¥ marks (but no further).
cte. later found to be 0.
y' = 2ate™3 — 3at?e~3 M1* 1.1 | Attempt to differentiate their y | Allow this mark if their PI is of the
y" = 2ae~3t — 6ate 3t — 6ate™3t twice (finding ¥ and y'"). using | form ap(t)e =3t where p(t) is any
+ 9at?e3t the product rule at least once. polynomial in ¢ of degree = 1.
(= 2ae~%t — 12ate™3t + 9at?e3f)
M1 1.1 | Correctly differentiating their y | Condone missing 3, extra 3 or 1/3
dep* to find ¥’ and y"’. Condone sign | coming down but not  coming
eITOrS. down and/or 3t — 1 as exponent.
y" +6y' +9y = 2ae~3 — 12ate~3t + M1 1.1 | Substituting their )’ and y” into | This mark may be implied by the
9at?e~3t + 12ate3 — 18at?e 3t + the DE (with RHS seen or 673t | next Al (i.e. a correct GS).
9at?e~3t = 10e~3t cancelled from both sides).
Allow this mark following
MOMO.
= 2ae~3t = 10e~3¢ Al 3.3 | Full form of GS can be implied
= q=5= GSis (4 + Bt)e 3t + 5t2¢ 3¢ by later work.
(A+ Bt +5t?)e 3t =0whent =5 M1 3.4 | Substitutingy =0andt =5 May be implied by later working
=2A+5B+125=0 into their GS and cancelling any | including e =3 if fully correct.
exponential part properly.
A+Bt+5t2=0=>B2—4x54=0 M1 3.4 | Correctly interpreting and using | Or B + 10t = 0 whent = 5 (at
the 2™ condition which, coupled | what must be a minimum point).
with the 1%, must mean that the ors (tz + ﬂ) +A=5 (t +
quadratic is a perfect square. 52 : ; 52
o) TA %A 5= 0 since
May see 34 + 14B = —325 oe. y=0.
= A=125and B = —50 Al 34 |Mustbey =ory(t) =... Allow SCB1 for A = 125 and B =
~ PSisy = (5t% — 50t + 125)e 3t May see 5(t2 — 10t + —50 following MO, provided all 6
25) or 5(t —5)? of the first marks are gained (7/8).
(8]
(c) (Whent =0,y = 125e7° =) 125 BIFT | 3.4 |FT their PS of the form p(t)e*® | Must be a value (i.e. not an
where p(t) is any polynomial of | expression with 4, B, etc.) and must
non-zero degree. be = 0.
[1]
@ (According to the model) whent =1,y = M1 3.4 | Finding the value of their y Must be a value (i.c. not an
80e~3 = 3.982965 ... when t = 1. FT their PS of the | expression with 4, B, etc.)
form p(t)e¥t where p(t) is any
polynomial.
This is < 4 hence the cell can be inferred to be | AIFT | 2.2b | Sensible conclusion in context | Accept e.g.:

operating properly (but, as the value is very
close to 4. there may be a margin of error in
the model).

with correct comparison to 4 for
their value (AO for a value < 0).
(i.e. < 4 = operating properly,
> 4 = not operating properly).
Condone ‘it is operating
properly’.

- ‘So it can be inferred that
the cell is probably working
well although we can’t be
sure because it is close to 4
and we don’t know how
well the model works® B1

[2]




()

[1]:3+54=8+2u M1 3.4 | Attempt to solve any pair of simultaneous equation for either
[2]:1+44=2-pu X or p. So must obtain a value for either 4 or . No MR in
Bl:1+A=4+u this part but allow either a single sign error in one equation
' only or one incorrect value in one equation only
e.g. solving [1] and [2] gives: Al 1.1 | For finding either 4 or y correctly for one pair of equations.
4 11
7 15 For reference, solving [2] and [3] gives: A=—., u=——
A=—u=—— 5 5
13 13 1 10
and solving [1] and [3] gives: 4 = 3 N Y
7 15 A1l 2.2a | Substitutes correct A and p into third equation and showing
Substituting A =—. 1 =—— into [3] gives . . . - N
13 13 inconsistency + conclusion (e.g. ‘lines do not intersect’, ‘no
20 15 37 solutions’. ‘equations not consistent’). Values being compared
+—=— and 4——=— so the lines do not 7 15 .
13 13 13 13 must be evaluated e.g. 1+—# 4 —— only is A0.
20 37 13 13
intersect (as e} # 3 ) For 1efe1 ence (if equations not re-arranged):
A=—u= _u into [1] gives 7 and 13
TS £ 5
1 10 1 16
A=——,u=—— into [2] gives —— and —
3H=T3 [2le 3 3
Alternative method is to find one value of A or y correctly
and then solve a different pair of equations and obtain a
different value of either A or  (values of A, appear above
for checking purposes)
_ [3]
(d) 3 5Y (4)\(5 Mi1* 3.3 | Scalar product of direction component of 71 with vector from
) (4. 5. 0) to general point on 71. No MR in this part but
1|+2|4|-|5 (=0) : on 21 RO M wrt but
condone a single numerical slip in a value and sign errors only
1 1 0 1 (but must be subtracting the general point from (4, 5. 0)). No
evaluation of the scalar product needed for this mark
Alternative for first M mark
D= (54— 1)2 +(44- 4)2 +(2+ 1)2 Mi1* Finds distance (or distance squared) from (4, 5, 0) to general
aD point on 7; and then differentiates with respectto A -
=2Dx = =10(54-1)+8(42-4)+2(A+1) condone a single numerical slip in a value and sign errors only
Z when setting up the expression for the distance (or distance
squared) (but must be subtracting the general point from (4, 5.
0)
(5(52-1)+4(A41 -4 +(A+1)=0=) A1 1.1 | Solves to correctly find A at closest point to (4.5.0) on T1.
10 Need not find coordinates of point
A=
4 > - > Mildep* | 3.4 | Finding the magnitude from (4,5.0) to the closest point on Ti
1 +_ alls]= ( 29 ] N [_ 44 ]— +[_ 31 } using their value of A following through their
0 21 21 21 3 5 4
1|+4/4|-|5
1 1 0
=291 (em) Al 1.1 | 3 sfanswer must be seen somewhere. Accept 291 with no
units, but not 2.91 m or 2.91
[4]
(b) Alternative method 1
3) (4)) (5 Mi* . |4Px4q| . .
1=l s 1xl 4 For using the formula D = |d| where 4 is (4, 5. 0), P is
0 any point on 77 and d is the direction vector of 71. No MR in
=T this part but condone a single numerical slip in a value and
4 sign errors only. No evaluation of the vector product needed
for this mark
1
-1} (5 -8 Al -8
—4 x| 4 |= For calculating correct vector product =| 6
1 1 16
J(-8)’ +6%+16° Midep* Ja’+b’+
= For = —————— where a. b and ¢ are the components of
NwoT VS 42+
their vector product
=291 (cm) Al 3 sf answer must be seen somewhere. Accept 291 with no

units, but not 2.91 m or 2.91




- (b) Alternative method 2
4) (3\\(5) |(4) (3) |5 M1*
5|—|1(f4|=[5]|-|1[x]|4[xcosé
0 1 1 0 1 1
0/ Al
Using (3. 1, 1) gives c059=i1 £
63
*
d=q(4-3) +(5-1) +(0-1)?sin(43.3317... ey
=291 (cm) Al

Using asb = |a| |b| cos @ with the direction component of T1
and a vector from (4, 5, 0) to any point on 71. No MR in this
part but condone a single numerical slip in a value and sign
errors only. No evaluation is needed for this mark

Correct expression for the cosine of the angle between T1 and
the line from (4. 5, 0) to any point on 71 — for reference the
most common point on 71 is (3, 1. 1) but any point could have
been used. If (3. 1, 1) then accept cos&=+0.73 or better

(£0.72739...) - if the angle found then accept an angle of 43
or better (43.3317...) or 137 or better (136.668...)

Correct expression for the required distance using their angle
and the magnitude of the distance between (4, 5. 0) and their
point on T3

3 sf answer must be seen somewhere. Accept 291 with no
units, but not 2.91 m or 2.91

8.

Uses the identity sinh 2x = 2sinh x cosh x to find a value for sinhx or
coshx

2sinh xcosh x =3sinh x = 2sinh xcoshx—3sinhx =0

sinhx(2coshx—3)=0=sinhx=... or coshx=...

Ml

sinhx=0P x=0

B1

2
coshx:"i":x:ln "évur (ni..] |
2 2 2

Alternatively
3 1
coshx = 5 = —(eJlr +e'x) =3 +1=0

3-+5
2

=x=In...

Al

Al

®

Alternative method use of exponentials

-x 2x —2x

. e e' — . e
Uses the identities sinh x = and sinh2x =

2x _ 2x X _ oX
¢ 2e = 3( € 2e J leading to a quartic equation for e

ote correct equation is e** —3e’* +3e¥—1=0
q

Ml

ef=1=>x=0

B1

Solves quartic to find a value for €* leading to x =1In...

2
x=In 3+ (i} -1
2 2

2 2

x=i—ln{3+\/§) or x=ln[3i\/§]




(@)

DR
13-12+3x1-3=0
so (x — 1) is a factor

M1

Using factor theorem in attempt
to factorise numerator.

Must come up with f(a) =

0so (x — a) is a factor.

May be implied by correct
factorisation seen

2—x2+3x—-3=(x—-1Dx%*+3)

Al

1.1

soi by denominators

—4x%2 +5x — 17 A Bx+C
x3—x24+3x—-3 x2+3

x—1

B1

3.1a

Correct partial fraction form.
BOife.g. +D or (A + Ex) unless
recovered (i.e. unnecessary
constants found to be 0).

—4x% +5x — 17
=A(x?+3)+(Bx+C)(x—1)

M1

1.1

Suitable method for determining
constants, including comparing
coefficients directly. (Provided
two fractions with linear or
quadratic denominators and any
additional polynomial terms).

Condone minor errors e.g.

Bx + C(x — 1) or denominator on
one side provided intent is clear
(can be determined by next step)

4A=-16>A= 4
~4=-4+B=B=0
-17=-12-C=C=5

(0 55 +23)
03 x-1

Al

Al

1.1

1.1

Any constant correct from correct
working (allow this mark
following B0)

All three constants (including

B = 0) correct from correct
working.

Final 3 marks independent of first
two marks.
ISW once constants found.

[6]

(b)

DR

I4I .
fx—ldx: 4'In(x — 1)

BIFT

1.1

Soi. May see In|1 — x| Ignore “+
¢”. FT their

a a
J o odx=2In(bx +c)

bx+c

5 = ktant
fx2+3 = ktan V3

M1

1.1

Recognising the integral as tan™
with any multiplicative constant.
Condone 3 in the denominator.
Could be their ‘C".

j 5 4 dx
Tl x2+3 x-—-1
x

5
=—tan"'*——4In(x - 1)

Al

1.1

All correct. Ignore “+¢”.

V3 V3
5

[—tan‘li —4In(x — 1)]3
B .

= (%tan‘1 V3 - 4ln(2))
- (ia'cam‘1 1-4In(V3 - 1))

7
5 & 5 @

=—x—-—4In2—-—=x—+4In(V3-1
\/§' 3 \/§' 4 ( ]
5T + 4 (\/5—1)

= — n|l———
12V3 2

Al

1.1

4-2J§) or

oee.g.s—"+21n( -

6V12

% +1In (7_4ﬁ) or

4
75— In(28 +16V3) or

e

26 —4 ln(l + \/§)

but arctans must be evaluated and
7 terms must be combined into a
single fraction and In terms must
be collected (allow In(... )* forms
provided there is a single In term).
ISW once a complete, correct,
acceptable form seen from correct
working.

Correct answers without working
is 0/4.

[4]




10.

Expresses the integrand as partial 3.1a M1 1 A B
fractions. = *
(x+1)2x+3) x+1 2x+3
1= A(2x+3)+B(x+1)
Obtains a correct expression for 11b A1 y=—1"1=4
the integrand as partial fractions. x=0: 1=34+B-—>B=_9
Integrates their expression j—(v+1)(2x+3) X
correctly to obtain an expression 1.1a M1 5 v '
involving logs. :T ( ] d
z \x+1 2\’+3
Clearly shows the limiting process — lim T 2 dr
by setting the upper limit to N or 24 M1 Noxd | x+1 2x+3
equivalent (not x) and taking the ’ . ~
limit at some stage. = lim [In(x +1)—In(2x +3)];
~ N
— jim | In[ 22
Deduces Nowl  2x+3) |
+
LRSS SLESRT
~o\ 2N +3 2 voo (2N+3) 13
Or 2.2a A1 e
+
lim | In M])zm(ﬁ) = lim | In| —£2Y J—In(%)
Now 6(2N +3) 12 2+ N
OE 1 6
=In| — [-In| —
2 13
Completes a rigorous argument to — 13
obtain the correct result. =in 12
1+ 21 R1
Must include In %V oe
2+A,
Question total 6




11.

0<m<——Fk
14

[2]

(a) sin@ ~ @ is only valid for small angles B1 3.5b | States sin®= 0 (or in words), and this is only valid for small
angles (oe e.g. ‘close to zero’)
1]
) 35 ) (35 B1 3.4 | Correct general solution. Allow exact equivalents e.g.
6= Acos —5 t |+ Bsin —5 t 6= Acos(dl_4t) + Bsi.n(«/l.4¢), 6= Acos(wll.4t).
J35 Allow 1.18 or better (1.183215...) for /1.4
or 6 =Rcos Tt-i-e
* 4 . e .
When t=0,6= %il’ = 4= %ﬂ' M 3 Use correct initial conditions 6 = %/r.a =0 when £=0 to find
1
and 6= \/gAsin[*/gt]Jr \/g Bcos(\/gt} constant(s) from a GS of the correct form. Allow g, for E;r R
5 5 5 5
. and allow stating B = 0 without corresponding working. If
and when 1=0,6=0=B=0 differentiation seen, then must see sin — +cosand cos — +sin
together with a change in coefficients.
Al 1.1
6= i7rcos ﬁt cao www —allow & =6, cos ﬁt provided 6, = l/’( stated
15 5 5 15
explicitly in their working. The correct particular solution (with
no incorrect working seen) scores the first three marks. Allow
6=0.209cos(1.18¢) or better.
T— 27 5310 Mi1* 3.1b | Correct method to find & after one complete oscillation or for 8
“ha T when = 6. Follow through their PS which must be of the form
1
1 = g . ;
—o= Eﬂcos(«/l?x (6—5.310...)) 6 s meos(pt)where p>0and p #1.For reference if correct
55 then 6=0.1434...
or for 6 =i7rcos ﬁx 6
15 5
. 4 Mildep* | 34 . . 4 4
Distance = 7[—7r+i7r—0) P For their numerical 7(—7r+i7r—0) or 7(—7T+9] only
15 15 15 15 15
6.33 (m) A1 2.1 | awrt 6.33 (6.32603...)
[6]
(o) S 7 M1 3.1b | For consideration of correct discriminant (allow any inequality or
e
35 Al 1.1 | cao— oe but must be exact
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d /
9(a —y=
@ dx 1- 9x2 Ml
dy _ 3
dr 1- 9x° Al
)
1 . dx
—siny=xP —=/ cosy=1+1- 9x* M1
3 dy
Alt dy _ 3
dr  1- 95 Al
)
() d—y:...sin(arcsin3x)xtheir[ 3 ] Ml
dx V1-9x°
dx Ji- 9x?
@)
. 1 dy . 3
arccos y = arcsin 3x| = — —:thelr( }
[ 1-y° dx V1-9x7 -
& 57 wthe ( 3 J
=—=_,4/1—y" xtherr
Alt dx /1_9x2
d_y= - 9—:x Al
dx Ji- 9x?
)
d 9x
(©) e L= 4b - 9x= 41- 9x* b 81x’ = 16(1- 9x
N e (-o<) M1
Leading to a value for x or x*
22 16
225 Al
4
X=- — Al
15

3




13.

DR
c0559+i5i1159=(c+is)s

=¢’ +5ic*s —10c%s* —10ic’s® + Ses* +is®

tans6l < Im(c+is)’ | 5c*s—10c’s’ +5°
Re(c+is)’ ) ¢ —10c’s +5¢s*

2
10%°  §°
—+

s5c's
S ¢ c
tan 560 =
c_5_10c’3s2 5cs’

cS 05 L‘S

ol

_ tan’ §-10tan’ 6+ 5tan 6
Stan*6-10tan’ 6 +1

Mi1*

Mildep*

M1

Al

[4]

1.1

1.1

1.1

2.1

De Moivre’s theorem withn =5
Assume ¢ =cos6 and s=sind (so condone not explicitly stated)

. - \5 . . .
Expanding (¢ +is) to obtain six terms - coefficients must be

numerical and correct (so binomial coefficients must be evaluated)
and correctly in terms of 1 only (so not powers of 1). Allow at most
one sign error and at most one term with an incorrect index

Correctly taking real and imaginary parts of their expanded
(e+ i.s')s and dividing correctly (numerator and denominator must

contain the correct number of terms and no 1i’s).
Dependent on both previous M marks
AG - www
Must see mathematically each term in both the numerator and the
denominator being divided by ¢’ oe (e.g. multiplying by ¢~ ) so
5c*s —10¢%s® +5°
c? (5c4s -10¢%s° +5° ) 3
c
c” (c5 -10¢’s 2+5cs‘) ¢ —10c°s>+5¢s*
p
5¢'s—10c%s° +5° s 5¢'s—10c%s* +5°
& —10c’s2+5¢s* ¢ —10c’s*+5¢s*
(e.g. ‘divide both by ¢**) is A0
55 10s° . s
5c's-10’s°+5° o & & .
cs €S TS _ ¢ cz 04 is A0 (as AG)
10s~ 5s
Iy I o
c
Final answer must be in terms of tan not ¢

is fine but

c .
+—5 etc. or in words
c

Note that

2
& —10c%s* +5¢es*

®)

DR

5t*—10£ +1=1 —10F + 5t

=£ -5t ~10£ +10f* + 5t —1(=0)
1 5 9 13 17

= —— T, —— T, ——7
20 20 20 20 20

5 .
tan[%ﬂ) =1so (t—1) is a factor of

£ —5¢* ~10£° +10£ + 5t -1
= (1-1)(r* -4’ 141" - 41 +1)

Mi1*

B1

Bldep*

Al

[4]

2.1

1.1

3.1a

Equates result from part (a) to 1. multiplies through by
denominator and then rearranges to get all terms on one side.
Condone using tan rather than 7 - Allow sign errors only.

Finds all five solutions to tan56 =1 in the interval 0 <8< 7-
ignore any solutions outside of this interval but if any incorrect in
this interval, then B0

Correct justification that (f —1) is a factor of the correct quintic in
. 5 .. .

t using the result that tan(Efr] =1 and re-writing quintic as

(t=1)(r* =4 — 14 — 41 + 1) oc (e.g. by long division) or re-

writes quintic as (¢—1)(¢* -4 —14¢* — 4t +1) oe (c.g. by long

o 5 .
division) and relates the factor (f—1)to tau(%ﬂ] (in essence

. . C 5
this mark is for justifying that the root tan(%if} of the correct

quintic equation is not a root of the given quartic equation
therefore this mark is dependent on having derived the correct
expression £ —5t* —10£ +10f> + 5t —1(=0))

. 5
These exact four roots only (so must not include tan[%/r ) )—

this mark is not dependent on the previous B1 mark — a correct
quintic equation/expression followed by these four roots only
scores M1 Al only. These four roots only without the correct
quintic equation/expression seen is no marks

®)

(i)

DR
t-0)*=t* -4 + 62 -4t +1 soif
-4 —14F — 4t +1=0> (t-1)* =20

(t-1)% =20t
=7 —(2£420)t+1(=0)

(:—(1¢«/§))2—(1¢\/§)2+1=0

:>t=1+s/§i\/5+2«/§
ort=1-55+25

9 . ..
tan(%/r] is positive and the largest root (of

the quartic equation) so

tan(zg—On'J=1+ 5+\/5+2«/§

B1

M1

Al

131

o
[
)

3.1a

23

www for correctly finding the value of k — allow for either
(t—1)* =202 or k = 20 stated with no working

For correct three term quadratic expressions(s)/equation(s) (in 7).
follow through their positive value of k. Condone missing + - so

for cither £ —(2 iﬁ)tu or £ —(2+JF)t+1 or
£ —(2—«/;)t+1with their k

AG
. . 9 .
Obtains all four roots www and explains that tan %/7 is

positive and the largest root and so

tan(%ﬂ}=l+\/§+«/m




