2
v
A
T T
0 t > 0
4 / s \ 2n 3n 4r
-1 1
b \ J
-3 !
\ /y = psin(g0) + r
-4 \ / ______
v -5
The diagram shows part of the curve with equation y = psin(¢8) + r, where p, g and r are constants.
(a) State the value of p. [i]
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y
A
: > X
X \/ ’
-1 - - -~ -
The diagram shows the graph of y = f(x), where f(x) = % cos2x + -21- for0<x<m
(a) State the range of f. 2]
Aol ohed 2 -2 cu<3
—~ e £Z
Aol bos. et ooudbpled bu 2. 20 5 Sug3
’ | <
ok Mo e e nlwtle.sa ............. 9 7 X A——
e — ’
A function g is such that g(x) = f(x) + k, where & is a positive constant. The x-axis is a tangent to the
curve y = g(x).
(b) State the value of k and hence describe fully the ransformation that maps the curve y = f(x) on
toy = g(x). [2]
(¢) State the equation of the curve which is the reflection of y = f(x) in the x-axis. Give your answer
in the form y = acos 2x + b, where g and b are constants. ]
..... w'ﬂogmxbﬁéﬁ)—?-£@ﬂ-
s Beels s f
- - 3/ - }}
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\ / y =cos
/

> 0

In the diagram, the lower curve has equation y = cos 6. The upper curve shows the result of applying
a combination of transformations to y = cos 8.

Find, in terms of a cosine function, the equation of the upper curve. :Q [3]

O...pesed.... as.... o‘mlalecirmf@. 2 )
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Y
1 | /3\ 5 : | .
-1 7% 2T X T EAl > P 2"

V-

The diagram shows two curves. One curve has equation y = sinx and the other curve has
equation y = f(x).

(2) Inorder to transform the curve y = sinx to the curve y = f(x), the curve y = sinx is first reflected
in the x-axis.

Describe fully a sequence of two further transformations which are required. [4]

{(b) Find f(x) in terms of sinx. [2]
.................... o T T LS 2.2 K WU T 17 S
XA = oXS Ao . 2g;
Sy RS )" P },
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7 A curve has equation y = 2 + 3sin %x forO<x <4m

(a) State greatest and least values of y. [21

(c) State the number of solutions of the equation
2+3sin-%x= 5-2x

forO< x < 4n.

© UCLES 2023 9709/1 1/M/I23 [Turn over
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v

The diagram shows part of the curve with equation y = ksin %x , where kis a positive constant and x is
measured in radians. The curve has a minimum point 4.

(a) State the coordinates of A.

Oor..ov...reree.. gioee. oo The....cood: wf)ﬂéi Ao
ke (—:SIE ,"l> ....... y Q veanr... the.. '{maﬁa‘gyrmm{'@’\ ............... (‘f;l
o =Coords.. \/a\e,:bmw hp\ep\....b.....k ..... o). tee......
L LT it ..ol .@51 o (37, 7K)

............................................................................................................................................................

(b) A sequence of transformations is applied to the curve in the following order.
Translation of 2 units in the negative y-direction
Reflection in the x-axis

Find the equation of the new curve and detemune the coordinates of the point on the new curve
corresponding to A. ‘/v[u 47 Ca)rcls [3]

...................................................................

R R T D R R R T R
B R TR L L T R T R R R L R R R L TR R R R
............................................................................................................................................................
............................................................................................................................................................

............................................................................................................................................................
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VARV,

The diagram shows the curve y = kcos(x— %‘rr) where % is a positive constant and x is measured
in radians. The curve crosses the x-axis at point 4 and B is a minimum point.

Find the coordinates of 4 and B.

............................................................................................................................................................

.................................................. A

ﬂ:..(lmcd(.\n?\%.m..}?@l& ..... been..culbplied.... E‘j o kxel = 2k
> - {.'ﬁ} [4

terresierenssasnssans — eeead®uilen £, 6 ......... o~

14
(b) Find the exact value of # that satisfies the equation

I - -
3sin™' (3) + 2 cos ](%\/—2')—15.

..............

.......................................................

.............................................................................. t 2,.
- /
-
.......................................................................................................................................................
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—i= 0 2 in in 3x n 3n in It

The diagram shows part of the graph of y = atan{x - b) + c.

Given that 0 < b < =, state the values of the constants @, b and c. [3]
U@Q Ye....pesthon. (ZE ................ 254 kS, W o,

. &&- ............................................... A (00 PRS- o 1 [ 8 .......é-’ POPRRED. * $e¢h SUNNY
/
o= )
------------------------------------------------ D L e R R g
—_——

{"\w\*lbg Ao f\ﬂe,&rop\\, ..... ve, .0 S
et Mg o He...ma iol@ﬂe....d....,@m.... eciad\._ovl_chorld.

-
*
Al
! o/\ \1\4— k :‘5 l !
AN O rfF IR, S0 SRR 1. TPy W PP I % -’ ............................................. aaedd A § Xy N decrane
-
—
u N

. by DU S 4 A VRS- STOPRSINL— e AOF . AP L enneonrninasdes TP enrmennansnsresnbbasesssinnanny

.............................................................................................................................................................

...........................................................

P T T S B S B R f T N R L R R R P TR

O\:Z:
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14
8 (a) The curve y = sinx is transformed to the curve y = 4sin(%x -30°).

Describe fully a sequence of transformations that have been combined, making clear the order
in which the transformations are applied. [5]

l l ' .
EETURTRNTL IS CRTPERA NN T L 12 Do DA, LA el T R e Lty o ™ £ At ,.'...... CETR TPV RO P D
‘ . J .
Oy 1 ‘e)( pe
sesseveensabastderareqnene T O e L L T 2 T R PN

<
mesrscasanennerasetsnnary .3-6.. casurensusnrasetavnasaion

_—-r ) .
Il 0‘- [ETPPRTITITT) "IPPIEPITE FRRo wevesfosccen

DR T Y T T T T T PP T PP OOPPRr iR
D R X LT TR e Pt Py PR

O X LT Ry

susesanras

exserevissearaeaan

B T Y X T PT PP OO A

R A L R S T

R R L ST P,

metssssnutuasanesanssansusencesserinseteananannts

.S ol

e T u aneveresvincerstoidronna

Xz OIS,, SCol. ol ...

R e T L L L L L R T T R T TR U IR RpRPRIPPIPY | K D

.
6“%\8""()’\ l T u—o0xIS 5(:9“& c
NerestessasntesnerncanncasPiransrsar\nroncravsnnnna ...1 waravdexrrdveirscesstafenrrasanaTarshrasnssnchonstvesunne

arsasassninenseatiusvassnennena

R L e D LT T T R e QR N PO P

R R L L D P T esenn

R T L T R R e

D LT e n T T T U PP

i LT T T P R

seane

B bR L T T T o A e PP

sevsessbenscssassnanesssasarsansannn

LR R bt L L T S T R o Y

R L L D L LT LN LT T T T T T iR AR

D P TR YR T T T PPy

LR L R R R LT

vecarssreinee

Srrvsrsrevaronseie

D et T P

R T R S L L LT LTS p Py

ewssvavabeanvessnscasosnunna

B R L e R L L T T T T P A G

R L L TR LR PP PRSP RSN

sasssssrscanne

Sheerensssnrerassvaresseniras

enssvassrLasaraterbabisionsnennnern

“erssescsenssavevvaseennbsacnsnsers s

R L e L P

csrsersenvessrnaes

R R R e L T T L Lt T TR VORI

essvavessanasonen

cnvans

B R LTy L

hressseasasvasssbenrunen

eersscsmesvsoserssrsrssascsnnenanass

T

D LR L T T

B D R T D R T T T T RO PN yn

D T L L e
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9  Functions f and g are such that

f(x) =2-3sin2x forO0<x<m,

gx) =-2f(x) forO0<x<

(a) State the ranges of fand g. [3]

A Amplde, b, been.. oolbgled... by 3080 -2¢UC,
b My e ccdded Z,so—[dé‘)és ..............................
). 4l). bue koo ondihed. by 2 500 —10 <0l <2,

The diagram below shows the graph of y = f(x).

b e —— ——— e o —

(b) Sketch, on this diagram, the graph of y = g(x). 2]
The function h is such that

h(x)=gx+x) for —x<x<0.

(c) Describe fully a sequence of transformations that maps the curve y = f(x) on to ¥y = h(x). [31

© UCLES 2020 9709/12/M/1/20 ’ . )
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10

The diagram shows the graph of y = f(x) where the function f is defined by

f(x) =3 +2sin{xfor 0 < x < 2m.
(a) On the diagram above, sketch the graph of y = f~'(x). [21
;f\ b‘.q/
(b) Find an expression for f ~!(x). 21

O \xI
= + 5 —_—
............................................... AR &t X "C?" ENsnmmsesessetraasabiaensnnnsemriThensrareseeseantsatNatasroasatnnsryn

L R R ot L LY TR TS TP P PR
......................

....................

beravheissnacanan

..............................................................................

R R L D T T T I T (T T
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(c)

T |
T i
| | |

i i |
—t—t—
I I
N
T

——

I —
|

]

The diagram above shows part of the graph of the function g(x) = 3 + 2sin %x for 27 < x < 2n.

Complete the sketch of the graph of g(x) on the diagram above and hence explain whether the
function g has an inverse. {2}

y €9, Lo.sa/\;\,ers@becgqs@, SIS oe-to-0e.

(d) Describe fully a sequence of three transformations which can be combined to transform the
graphof y=sinxfor0 < x £ ~at to the graph of y = f(x), making clear the order in which the
transformations are apphed [6]

.........................................................................................................................

............................................................ R Rt T P

@ ................. p .................... :tb...u*l ............ { Erh, AN SN Sl 3 SN serreandrarsven resvesaesercesvreaosy

................... R L L R T R T LR T T P O e PR R
2 u u-.u M“..m ..... L: .. E ................................... { .................................................
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Z
o 3

—4 ? A 6
Neyzb-2x

The diagram shows part of the graph of y = a cos(bx) + c.

(a) Find the values of the positive integers a, b and c. [31

Amplinde...i5..10, whet. it is..uselly 2, 50 oz

............................................

e R e s et ks P e 00 s8R s s s e taena ks sassssrarsataadRessnshotnsasnibucctsssrnsnsancasns

Prrisdh _is T, where k.15 szp.li‘j...ZﬂT.ﬁQ

L/ ’ 7\ > . . '
widdle. o oo ectially s 3., where. it is..svelly ..

(b) For these values of a, b and c, use the given diagram to determine the number of solutions in the
interval 0 < x < 2= for each of the following equations.

. b
) acos(bx)-i—c:-gx T \‘ﬁ' a¥ - 38]

b .
ATTEX . ot tomdp, W poicts. (0,0) ol _f1T,6)..

Y doocom: Crosge in 3 plwes, s 2 zalds.

=b-Lx
(i) acos(bx)+c =6 gx A i [
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The diagram shows the curve with equation y = asin(bx) +c¢ for 0 < x < 27, where «, b and ¢ are
positive constants.

(a) State the values of g, # and c. [3]

Avdlissle..bos.. bevo..codvphed. b b, 50 o2.be

............................................................................................................................................................

...........................................................................................................................................................

idle.. ofﬁ-o@qm% ..... NI, S0, S Y by ...

............................................................................................................................................................
............................................................................................................................................................

............................................................................................................................................................

(b) For these values of g, b and ¢, determine the number of solutions in the interval 0 < x < 27 for
each of the following equations:

@ asin(bx)+c=7-x [1]

plo’-}&rmp\,wj\; R 2 gm%%@«@?)wl(m?@

C . [ :3'
et L RO AT PO > YSUPbvs i JOUPRT i U AN ettt st ce e reesr s as b e rras e
PRS0 S D01 oS Solibions

(i) asin(bx)+c = 2m(x—1). -b [1]

P\&(&Fm——&rx(W%L@zw)(%ﬂzg)\
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11 A curve has equation v=3cos2x+2forO<x < .

(a) State the greatest and least values of y.

[2]
Amglitale.. bens,. ban.. colphed by 3050 35483y
bk tn..vthe..odkd . 2,50 0 = [€USS ..
(b) Sketch the graph of y =3cos2x+2 forO<x < . 2]

/’/’K
7 =
" At
3)
-‘slr ;f SR e ————— i — __._>

. 1
? P -
CRTYS ISF 13 S

(c) By considering the straight line y = kx, where k is a constant, state the number of solutions of the
equation 3 cos 2x + 2 = kx for 0 € x < = in each of the following cases.

@ k=-3 [1]

Mo solbens... (@Lsﬂw%k ..... (0,0). with_ngeehive, afedient

................. cerarneseriinihiavoas

...........................................................................................................

(i) k=1 < L"’w"\ to WA Mvesics] vahes 04 - swis {,,-14,.;5 0
FZ/SD‘U*‘OA“SS%&:% oNn okm,\%rm “““

............................................................................................................

(i) k=3 [1]

/[,SQJUHaf\SQ&3=5LO’\QX-ﬂMM ............................................

................................................................................................................................................
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Functions f, g and h are defined for x € R by

f(x)=3cos2x+2,
£(x) = £(2x) + 4,
h(x) = 2f(x + {x).

(d) Describe fully a sequence of transformations that maps the graph of y = f(x) on to y=gx). [2]

© UCLES 2020 9709/ 12/0/N20
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The diagram shows part of the graph of y = sin(a(x + b)), where a and b are positive constants.

(a) State the value of a and one possible value of b. [2]

..........................

......

Another curve, with equation y = f(x), has a single stationary point at the point (p, g), where pandg
are constants. This curve is transformed to a curve with equation

y=-3(3(x+8)). _= B,_. -3?(—&14—2‘}

(b) For the transformed curve, find the coordinates of the stationary point, giving your answer in
terms of p and gq.

3]
@f&ﬁmwrwh%b%'@@s,ﬁom .............
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