Question
Number Scheme Marks
313] 1 x -xy 2 1 x —xy 3 2 1 Ix —2x 1 Ix =Ix
(e 47 ) ={3le =) = (e 424 )= (e =24277)] M1
M1: Uses the correct exponential forms for cosh and sinh and squares both brackets
obtaining 3 terms each time
At least one line of interme diate
11 working (e.z. combimnes fractions with a
z+5=1 / F il . o Al
S common denominator) with no errors seen
and concludes= 1
(2)
i(b) | MI: Uses exponential forms and
(e"—eT)+Txle"+e7) =9 collects terms
. e e - S . MIAl
=i+ 3 =9=0 Al: Any correct form with terms
collected
A - Solves their three term quadratic in e® as
=0 18" +5=0 s0 &=.. . X q M1
tar ase” =
e*=Lor Both values correct Al
x=Intand In3 Both values correct (accept equivalents) | Al
5)
Total 7
Alternatives for (b) — Special Cases
Way 2 2sinhx=9—Tcoshx = 45cosh” x=126 coshx+85=0 MI1AL
MI1: Attempt to square both sides Al: Correct quadratic in coshx
(15coshx=17)(3coshx=5)=0= coshx ={lor coshx=%
S =150 ~3de" +15=0, S5 =5 3¢ ~10e* +3=0
M1: Solves at least one of their three
(Je" -3] (39‘ —5] =0=e"=%, ¢'=1 |lermquadraticsine™as farase’ =,
having used the comrect exponential form
{39”—I]{e”—3]:{}:>9”:1.;, e"=3 for coshx MI1Al
e'=tande’ =1 Al: & =Zand e* = Lseen
These values only with In3and In2
x=Intand In3 y * Al
rejected
1

Tecoshx+3sinhx=2e"+7=>

2

{} e'+le 43t e =2e" 4 7} constants alone

Substitutes at least one correct
e* 4o ¥ e¥ —g ¥ exponential form for either of the
?[7] + 3[7] =2e" +7 hyperbolic terms and achieves an
equation in exponentials and

M1

Multiphies through by e* to obtain
2x 2x o 2x X p gh by
77 7(8 - l) - 3(8 7 l) =4e™ +1de any equation that would form a

{3 5e2* 19 = e +Tex} 3TQin eliilllii;;rms were

M1

— 6e2* —14e* +4=0 {3ezx e, o YL, T O} Could be implied by a correct root

A correct three term quadratic in e,

even if terms have not been
collected.

Al

4.} (3ex B 1) (e_r _2) e — * = correct root for their quadratic if no

Solves their 3TQ - usual rules. One

working. Ignore labelling ot the
roots even if e.g..“x” is used.

M1

Both correct and simplified but do
not 1sw if there are other answers.

o Allow —In 15 for In 2

1
and —In 3 or In 3! for In—

Al

Answer only is 0/5

Total 5




3 Replaces one hyperbolic function with its
4te_1nhx— sechx=1 correct exponential equivalent. Allow for
Way 1 sinhx 1 -1 correct replacement of just e.g., sinh x after
coshx coshux ) sinh x - M1
Converts 4sinh x—1—cosh x=0 using tanh x = oshx May follow errors
to sinh . o
o s e —e e +e but do not allow any further marks if the
and cosh 4 —1- =0 N . ; .
2 2 original equation was reduced to one ina
single hyperbolic function.
M 1: Obtains an equation which if terms are
2% . _ collected 1s a 3TQ (or 2TQ with no
Je -2e"-5=0 constant) in e* MIAl
Al: Correct 3TQ
M1: Solves 3TQ (or 2TQ with no constant)
in e*. Apply usual rules. If no working seen
they must achieve one correct root of their
2+ J4+ 60 1748 5 equation to 3sf which may be complex. If
e’ = (:> = —] 2TQ must get a correct non-zero root of | M1 Al
6 6 3 their equation.
Al: Any correct unsimplified expression
for e* that includes the positive root. Must
be exact
5 2 :
In—,Inl—, In1.6 only butallow k= ...
x=In= 3 Al
No unrejected extra solutions
Total 6
Question
Number Scheme Notes Marks
1(a) 1 —tanh? x =sech *x
a0y Replaces the tanh x on the lhs with a
) e'—e . .
l-tanh” x =1 —( — ] correct expression in terms of Bl
€ +e exponentials.
(T ey —(e"—eT)  (eM+2+e7)—(eM -2+e™) ore 2e™ x2e™
(e"+e™)’ (e* +e™)’ & (e" +e7*) MI
Attempts to find common denominator and expand numerator
4 2
=l — 3= sech” x* Obtains the rhs with no errors. Alcso
(e +e™)
(€]
ALT 1 - 2y=(1-
|- tanh”x = (1~ tanh x)(1+ tanh x) Uses the difference of 2 squares on the lhs
| e —e™ | e’ —e™ and replaces the tanh x with a correct Bl
= — -+ el 1 s of 1als
NP Aq JoE expression in terms of exponentials.
_[_2e” 2¢” Attempt to find common denominators and M
ef+e™ Jle" e simplify numerators.
4 2 % . .
=| ———= |=sech™x Obtains the rhs with no errors. Alcso
(e"+e™)”
ALT 2 , 4 Replaces the sech x on the rhs witha
sech” x= — correct expression in terms of Bl
(e’ +e™) exponentials.
(e 424e™)— (e —2+e7) (e"+e) —(e'—e™)
(ex+e—X)2 (el‘_'_e—-\‘)g M1
Attempts to express the “4” in terms of the denominator.
=1- (%j =1—tanh® x * Obtains the lhs with no errors. Alcso
e' +e”




Uses sech’ x = 1—tanh® x and forms a 3 term quadratic in tanh x

(2tanh x—1)(tanh x— 1) =0 = tanh x = .. Solves_BTQ by any valid method MI
including calculator.
1 11
1 . Accept — i
tanh)'zg—)lenﬁ In/3. Accep 2In3, ln3 Al
And no other answers.
3)
ALT X -x
2sech’x+3tanhx=3=2 4 — [+3 c_ ¢ _|=3
(e"+e™)” e*+e” MI
=843 —e) =3P +2+e )= .
Substitutes the correct exponential forms, attempts to eliminate fractions and collect terms
e =2>e = Rearranges to reach e™* Ml
In+/3 . Accept lln_’; —llnl
x=1In~/3 2 ? Al
And no other answers.
Total 6
Question ok
Number Scheme Marks
There is no credit for attempts that do not use exponential definitions
1(3.) 5x —3x x —x 6x 4x —4x —Ox
Working (2cosh5xcoshx) =2% te & +e e _¥e e gy M1
from 2 2 2
LHS to
RHS 6x | _6r  4r, dx
e +e e te .
= + = cosh 6x + cosh4x * Al*
2 2
2)
ALT
‘Workmg eﬁ: +e—ﬁ: e—1.~r+ E‘_h eﬁx + E4x +e—’|.‘r 5 e—c’-x ei.r + E—Sx e.r +e—x
from cosh 6x + cosh 4x = - € =2 X Ml
RHS to 2 2 2 2 2
LHS
Sx —5x X —x #
_pf% *&  F e _ coshSxcoshx Al
2 2
(b)
cosh6x+cosh4x =8coshx => 2cosh 5xcoshx=8coshx
M1
— 2coshx(cosh5x—4)=0=cosh5x=... or 2cosh5x=...
cosh5x =4 or 2cosh5x=8 Al
coshSx=4=5x= ]n( A4~4° —]]
or M1
5x —5x
et +e 8+4J60
r::as-hf?:'.'=4:::»f=4::>f:m’r —8er +1=0>e" =
1 1. ¢ \
x=i;m(4+q‘15} or x=;]11{4i«f15} Al
)
Total 6




