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1. (i)
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A1 (5)
(iii)
1 A B C D
212 rir i1t ere

M1
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2. (i) (a)
\4x? —8x + 64 < |x+ 8|

4x% —8x + 64 < (x +8)%? = x? + 16x + 64

Thus
3x2—24x =3x(x—8) <0
M1
G1 or consideration of intervals M1
[Alternative method Solve for critical values
Sketch graph
So 0<x<8 A1 (3)
(b)
V4x? —8x + 64 < |3x— 8|
4x2% — 8x + 64 < (3x — 8)2 = 9x2? — 48x + 64
Thus

5x% —40x =5x(x —8) >0
M1

M1

G1]



GRAPH G1 or consideration of intervals M1

[Alternative method Solve for critical values

Sketch graph

So x<0orx=8 A1 (3)
(ii) (a)

(Jm +20x - 1))f(x)
= (Jm+2(x— 1)) (Jm_mc— 1))

=4x°> —8x+64—4x*>+8x—4 =60

fx) = =
N (VaxZ—8x+6a+2(x-1))

Thus

andso f(x) >0 as x > o

E1 (1)

M1

G1]



(b)

G2(2)
(iii) Require one criticalvalue 3,so0 3m+c = +5
M1
and as only one critical value choose m =2 andc = —1,or m=—2 andc =1

dM1 A1

Vax2 —5x+4 <|2x —1]|
4x2 —5x+4<(2x—1)? =4x? —4x+1

Giving x = 3 M1

/

é‘ p—

G1(5)



(iv) To obtain 4 critical values require quadratic to cross x axis and so
E1
x2+px+q=mx+c
has roots -5 and 7 giving p—m = -2 and q —c = —35
M1 A1
and
—(x?+px+q)=mx+c
hasroots 1 and5 giving p+m=—6 and gq+c=5
B1
Thus, p=—4,q=-15,m=-2, ¢ =20

A1

\ G1(6)



3. (i) (a)
xX+c xX+c

—m=ln(x+1)—lnx—m
dy 1 1_x(x+1)—(x+c)(2x+1)

dx x+1 «x x%(x + 1)2

y=g(x)=ln(1+%)

M1
(D) —x(e+ D2 —x(x+ 1)+ (x+c)(2x + 1)
B x?%(x + 1)?

_@c-Dx+c
o x2(x 4+ 1)2

A1
When ¢ > % asx>0,(2c—1)x =0 ,and ¢ > 0, so the numerator is positive and the
denominator is a non-zero square so also positive, so y = g(x) has positive gradient.
E1(3)
(b) y = g(x) has negative gradientfor 0 < ¢ <% ,if

2c—1Dx+c<0

Thatis
2c-—1Dx < —c
So
S -c
X 2c—1 1-2c
B1(1)
(i) (a)

If ¢ = % , then from (i) (a) the gradient is positive
E1
and we are given that g(x) » —o as x - 0.
The gradienttendstozeroasx - oo ,andto co as x - 0. E1

Also, g(x) > 0 as x »> . E1



G1(4)
(b)

If ¢c= % , then from (i)(b) the gradient is negative for x > % .

B1

Lo 1 - 1 .
The gradient is zero when x = 70 and positive when x < 70 and tending to zero as x — oo, and

to 0 as x - 0. B1
Again, we are given that g(x) - —o0 as x - 0,and g(x) - 0 as x - .

. . . . 1 1 3 . .
There is a turning point (maximum) at (E ,In3 -1 ) = (E ,lnz ) which is above the x-axis.

M1 A1

N

G1(5)



(iii)
x+c

re=(1+3)

1
ln(f(x)) =(x+c)ln (1 + ;)

Thus

f'(x) = fx)g(x)
M1A1(2)

Also, f(x) is positive for x > 0.

, SO

N |-

(a) As has been demonstrated in (i) (a) and (ii) (a), g(x) < 0 for x > 0 when ¢ >
f'(x) < 0 and fis a decreasing function. E1

(b) As has been demonstrated in (i) (b) and (ii) (b), g(x) = 0 forsome x >0 when 0 <c <%

so f'(x) = 0 for some x and f has a turning point. E1

(c) When c =0,
) =
gx) = x(x + 1)?
Is always negativeand - —o0 as x - 0,and - 0 as x > o
E1
whilst g(x) - o as x - 0,and g(x) -0 as x - o
so g(x) is positive forall x > 0, E1

thus f'(x) is too and thus f is an increasing function

forall x >0 E1 (5)



4. (i)

1 1
Suppose m; =tan#; and m, = tan#@,, where -5 < 0,0, < U then as the angle between

the lines s 45°,0; — 0, = £ m,0or £>m. M1

Therefore
tan(6; — 6,) = +1
and so
tan(6, — 6,) = tand, —tané, — 1
1+tan6;tanf,
M1
i.e.
my—m
1 -:mlrrfz =+l
*A1 (3)
(i)
4ay = x?
d
4a% = 2x
So the tangent at the point with x-coordinate p is
2
y -4 =5-(c=p)

4ay + p? = 2px
M1
The tangents 4ay + p? = 2px , 4ay + q® = 2qx meetwhen
20-x=p*-q*=@—-q)(p+q andas(p—q) # 0,
M1

1
x —E(P‘HI)
*A1

So

2 xl( +q) — p?

_ px5MBTq)—p pq
4a 4a
A1 (4)

y



and if the tangents meet at 45° , then
P _4q
2 2a

1+

S

aq
ala
M1 M1

N

2a(p — q) = £(4a® + pq)
(4a® +pq)? = 4a*(p — q)* = 4a*((p + 9)* — 4pq)
M1
Thus the point of intersection satisfies
(4a? + 4ay)? = 4a?((2x)? — 16ay)
M1
That simplifies to
(a+y)? =x%—4ay
y? + 6ay + a? = x?
y? + 6ay + 9a? = x? + 8a?
(y +3a)? = x? + 8a?
M1 *A1 (6)

(iii)

(v + 7a)? = 48a? + 3x?

(% + 7a)2

2
= 48a% + 3 <% » + q))
M1
(pq + 28a?)? = 768a* + 12a>(p + q)*
p%q? + 56a%pq + 784a* = 768a* + 12a*(p — q)? + 48a’pq
M1
p%q? + 8a’pq + 16a* = 12a%(p — q)*
M1 A1

(pq + 4a®)? = 3(2a(p — )’

P _4q
2a  2a _+i
P9 —3
1+2a2a
M1 A1

Thus the tangents are at a constant angle to each other which is 30° . A1 (7)



5. (i)

Let

v=(g 1
= (D 1=ty o Ta

(e f\ra b\ _(eatfc eb+fd
NM_(g h)(c d)_(ga+hc gb+hd)
tr(MN) =ae+bg+cf+dh=ea+gb+ fc+hd

=ea+ fc+gb+ hd =tr(NM)
M1A1

tr(M+N)=tr((? Z)+(2 £>>=tr(?i_§ 2i£)=a+e+d+h

=a+d+e+h=tr(M)+tr(N)
B1(3)

(i)

x(ad+dd—bc‘—bc)

xd d—bc) = !
gz (ad —be) = o~

d
detMa(detM) - ad — bc

M1

am 1 d —b\(a b 1 da —bé  db—bd

t M‘l—)=t (“ ) =t —( a-—>bc . )
r( dt r(ad—bc(—c 2) ¢ d/)T " \ad=bc\-ca+ac —ch+ad

__ 1 x (da —bé¢ —ch+ad) = ! ddtM)
= aa —pe < (da=b¢ —cb +ad) = 2o (de

M1 *A1 (3)

(iii)
aM
tr (M‘1E> =tr(M~Y(MN — NM)) = tr(M™*MN — M~*NM) = tr(N) — tr(NMM™1) = 0
Thus

1 4 (detM) =0
detMde ¢ B

and sodet M isindependentof t

E1

d o dMy B B
a(tr(M)) =tr (E) =tr(MN — NM) = tr(MN) — tr(NM) = 0

so tr(M) isindependent of t

E1



2y a by(a b)\_ <a2+bc ab+bd>= 2 2
tr(M=) tr((c d)(c d)> tr ac+cd  be+ d? a*+bc+bc+d

=a? +2ad +d? + 2(bc — ad) = (a + d)? — 2 detM = (trM)? — 2detM
M1 A1

Therefore
d (t (MZ)) = d ((t M)z) d (2detM) =0
T “ar e et =

and so tr(M?) is independent of t

E1 (5)
am
— =MN - NM
dt
So
A BY_(A B[t ty_(t t\(A B\_(—Ct At—Dt
(C‘ D)_(c D)(O t) (0 t)(C D)_(O Ct )
M1 A1
Thus C is a constant, A1
A=a—%Ct2,D=d+%Ct2 A1
and as
B=At—Dt =(a—d)t—Ct3
M1
1 2 1 .,
B=b+z(a—d)t —th
A1(6)
(iv) If
dM—MN
dt
t t -t
Then for example, M=(2t itgt),N=(é el )
am et et
E_(et —et)
_ (et 14+et\(1 —e7t _ (et et
And N_(et 1—et)(0 1 )_(et —et)
M1 A1
and
tr(N) =2

SO no. A1 (3)



6. (i) (a)

dx
—=-x+3y+u

dt
d
d—}tl=x+y+u
dx dy dx-y)
adac T @ wY)
M1
x—y=Ae %
A1

If x=y=0 atsometime t > 0,then A =0,A1
so considering t = 0, xy — ¥y = 0 which gives the required result. E1 (4)

(b) If xo =y5,thenatt=0,x—y =0 so A=0 andhence x =y forall t

E1
Thus
dx 2x +
—=2x+4+u
dt
dx )
——2x=u
dt
e‘th—x —2e %ty =2ty
dt
-2t 1 -2t
e 'x=—=—e “"u+c
2
1
x=—=u+ce?
2
M1 A1
t=0, x=x9 so x0=—%u+c andwewant x =0 when t =T
S0
1
0=—-u+ce?T
2
Thus ¢ = lue‘ZT,xo = —Lyu4+lye?r
2 2 2
and hence,

2xqe2T
YE et

dM1 A1 (5)



(i) (a)

dx dy dz dx—-2y+z)
E—ZE'F%—T——(DC—Z}/'{'Z)

Thus
x—2y+z=Ae"t
M1 A1

If x=y=2z=0 atsometime t > 0,then A =0,soconsidering t =0,xq—2yy+27=0
which gives the required result. E1 (3)

(b) we know from (a) thatifx =y =2z =0 atsometime t > 0,then A =0, andso

x—2y+z=0or2y=x+z E1
Thus
dx—Z 3z +
P X z4+u
and
dZ_ N
a - zZ4+u
So
dx dz

d
E—E=E(x—z)=2(x—z)

and so
x —z = Be?
M1 A1
Butas x =z =0 atsometime t >0, B=0 andso x =z forall t
andthus x =y =2z forall ¢t

Hence
Xo = Yo = 2o

E1(4)



(c)
Given
Xo =Yo = 2o
we know that (a) and (b) apply (as similarly in (i), so
dz

——=—ZzZ+u
dt

M1
Thus

z=u+cet

A1

t=0,z=zys0zy=u+c and 0 =u+ce™ T

dM1

A1(4)



7. (i) Eachterm of f(n) > 0 so their sum s too.

E1
1 1 1 1 _ 1/n+1 1
(n+1)(n+2)...(n+r) B (n+1)r SO f(n) (n+1)(n+2) o< n+1 + (n+1)2 + - 1_1/n+1 T n
M1 A1(3)

Thus 0 < f(n) <%

1 1 1
n+1 (n+D)(n+2) >0, (m+D)(+2)(n+3)  (n+1)(n+2)(n+3)(n+4)

(ii) >0 ,etc so g(n)>0

M1 A1

1 1 1 1
AlSO, oD~ Dm0 D mi D) D e mr s -~ O €t

so g(n) = ﬁ —a sum of positive terms <ﬁ M1 A1 (4)

1
Thus 0 < g(n) < —

(iii)
(2n)le — f(2n)
—(2n)'(1+1+1+1+ - L _ ! - ! -
2! 3l 2n+1 (2n+1)(2n+2) (@2n+1)2n+2)2n+3)
M1 A1

| 1 1
= (2n)! (1+1+2,+ +(2n)')

2n)! (2n)! 1 1 1
on+ Dl T @n+ ) T T A1l @it Den+2) @n+D@n+D)@n+3)

—(2n)'(1+1+1+ o+ 1)
27

which is an integer. M1 A1(4)



@ +g(2n) = 2n)!e t + g(2n)

=(2n)!<1—1+i—l+-~-)+ L ! + ! —
217 3] 2n+1 2n+D@2n+2)  Zn+ )2n+2)(2n+3)
M1 A1
1 1
=QM(LJ+Z+W+QMJ
(2n)! (2n)! 1 1 1

T+ D T Tyl e D@n+2) T Gn+Den+@n+3)

| 1 1
=(2n)(1——14—5?+~-+(2n)0

M1 A1 (4)

which is an integer.

(iv) g((2n)le — f(2n)) is anintegerasis p (@ + g(Zn))

Thus (p (@ + g(2n))) — (q((2n)!e — f(2n))) is an integer.

(,, (G2 g(Zn))> - (a(@mte - £@m)) = @3- ge) +pg@n) +af 2n)
M1

=pg(2n) + qf (2n)
so pg(2n) + qf (2n) is an integer as required. A1(2)

(v) As (iv) is true for all positive integers n, it must be true for n = max (p, q)

By (”) pg(zn) < an+1 = Znn+1 %
By (i) af2n) < L< ==

M1
Therefore, pg(2n) + qf (2n) < %+ % =1

and trivially by (i) and (ii)
pg(2n) + qf(2n) >0
A1

This means that pg(2n) + qf (2n) cannot be an integer which contradicts the result of (iv)

and hence there are no integers such that S = qe ,thatis such that s =e? andso e?is
irrational. E1 (3)



8. () w—x+3)(y+x—-5)=0ifandonlyifeither y—x+3=0o0r y+x—5=0. These
are the equations of two straight lines with gradients 1 and -1.

E1
A pair of straight lines with gradients 1 and -1 can be expressedas y —x +a = 0 and
y+x+b=0. Thus (y —x+a)(y + x + b) = 0 can be expressed
y2—x2+py+qx+r=0ifandonlyifa+b=p,a—b=gq,and ab=7r. M1A1
Hence, a = %(p +q), b= %(p —q) and so %(p + q)%(p —q) = r which can be written

Z_q?=4r. M1 *A1 (5)

(ii) If a point (x,y) lieson C; ,then x = y? + 2sy + s(s + 1) = 0 which can be rearranged as
y2+2sy+s(s+1)—x=0. Ifapoint (x,y) lieson C,,then y = x? which can be expressed
as k(y —x?%) = 0 forany real number k. Thus, if it lies on both

y? +2sy+s(s+1)—x+ k(y —x?) = 0 forany real number k

E1E1
fk=1,
y2—x2+2s+1Dy—x+s(s+1)=0
and
(2s+1)2—(-1)>=4s2+4s=4s(s+ 1)
satisfying the condition as derived in (i). M1 A1 (4)

(iii) If C; and C, intersect at four distinct points, then they do so on the pair of straight lines,
y2—x2+@2s+1D)y—x+s(s+1)=0.

E1
y2—x?2+2s+1Dy—x+s(s+1)=@y+x+s+1)(y—x+5) B1

Therefore, y + x + s + 1 = 0 must meet C, at two distinct pointsand y — x + s = 0 must meet
C, at two different distinct points. E1

Thus, solving x2 + x + s + 1 = 0 having two distinct roots, the discriminant 1 — 4(s + 1) > 0

Thatis s < —> M1 A1
and solving x? — x + s = 0 having two distinct roots, the discriminant1 — 4s > 0 i.e. s < %

Soitis necessary that s < —%. *A1 (6)



(iv) If s < —% for C; and C, to intersect at four points, they do so on the pair of straight lines,

two distinct on each of the lines in (iii) as shown by the non-zero discriminants in (iii) and that
will be four distinct points provided that the point of intersection of the two lines is not one of
them. E1 E1

The intersection of

y+x+s+1=0and y—x+s=0 isat (—%,—25;1) which will only lie on C, if

2
— 2 = (=2)” thatisits = — which s prohibited. M1 A1 E1 (5)



G1 (1)

(i) Conserving momentum in the direction of the line of centres
mucosa = mx cosa —mysina + mv

thatis

ucosa = (xcosa —ysina) + v M1

Newton’s experimental law of impact in the same direction gives
v—(xcosa—ysina) = Fucosa

Solving, (xcosa —ysina) = %u cosa (A)
M1
Conserving momentum perpendicular to the direction of the line of centres
M1
musina = m(xsina + y cos a)
thatis
(xsina + ycosa) = usina (B)
Solving equations A and B simultaneously:-
Acosa + Bsina gives x =u Gcos2 a + sin? a) = %u(l + 2sin? @)

. . 2.
Bcosa — Asina gives y =jusinacosa M1

—1u(1 + 2sin%a)

Thus the velocity of B after the collision is 32 as required.

gu sina cosa

*A1 (5)



Alternative for part (i)

G1(1)
Conserving momentum in the direction of the line of centres
mucosa = mx + mw
Thatis ucosa=x+w
M1

Newton’s experimental law of impact in the same direction gives

1
W—x=§ucosa

Solving, x = %u cosa
M1

Conserving momentum perpendicular to the direction of the line of centres

M1

musina = my

thatis
y=usina
Thus the velocity of B after the collision is
1 . . 1 .
—jucosacosa —usinasina —Eu(1+251n2a)

1 = 2 as required. M1 *A1 (5)
usina@cosa —-ucosasina Jusinacosa



(ii) The lowest point of sphere B (which is vertically below its centre) crosses the y axis at atime
2rcosa

%u(l + 2sin? a)
after the collision. B1

Thus it crosses the y axis at a point

2rcosa

2
2rsina+—usinacosa1 =2r<sina+cosa
§u(1 + 2sin? a)

2 sin a cos a)
1+ 2sin?

M1

2sinacosa

from the origin, thatis at (0,Y) where Y = 2r(sina + cosatanf) andtanf = Ty

*A1 (3)

Alternatively, after the collision sphere B moves at an angle S above the negative x axis, where

2sinacosa
tan =
’8 1+2sin2 a

distance 2rcos a tan 8 further in the y direction than the point it is at when the collision occurs
which had ay coordinate 2rsina .

(iii) 4

(from the velocity of B in (i)) and so by trigonometry, the lowest point will be a

v

G1

By trigonometry, the distance between the lowest points of spheres B and C when their lowest
points are on the y axis must be more than 2r sec § so to avoid any contact,h > Y + 2rsecf .

E1(2)



(iv)

(sinacosf + cosasinB) = 2rsecf sin(a + B) < 2rsecf

2r
cosf

Y =2r(sina + cosatanf) =

assinfa+p) <1 M1 A1

But, a + 8 + g because expression (A) in (i) cannot be zero, or alternatively, tanf = %
would give a contradiction. Thus Y < 2rsecf E1 (3)

So, from this result and (iii) there will be no striking if h > 4r sec 8 B1

The greatest value of sec 8 occurs when tan 8 is greatest. E1

2 sin a cos a) (1 + 2sin? a)2(cos? a — sin? @) — 2 sina cos a 4 sina cos a

d d
—(t -
da( an §) da(l + 2sin? a (1 + 2sin? a)?

Numerator = (1 + 252)2(1 — 252) — 8s%(1 — s%) = 2 — 8s? M1 A1
where s = sina

. N . 1 1 2
Thus, the differential is zero when sina = > then tanf = N andsecf = NG M1

8r

5 *A1 (6)

Thus, no collision occurs for any value of «aif h >



10. (i)

3 '

) R
: e

\‘—3—‘1

y ¢

G1

A Resolving vertically for the upper cube R = pa3g
B Taking moments for the upper cube about X Ph = Rx
C Resolving horizontally for the uppercube P = F

M1 A1
D Resolving vertically for the lower cube R’ =R + pg
E Taking moments for the lower cube aboutY R'y = F + Rx
F Resolving horizontally for the lower cube F = F’

M1 A1

Combining Aand B x = —=

a3y which is the second requirement. B1

Combining A and D (or resolving vertically for the whole system) R’ = pg(1 + a®)

Combining thiswithEand C pg(1 +a3)y =P + Ph

P(1+h)
(1+a3)pg

which gives y = as required. M1 *A1 (8)

(i) The limiting friction for F = uR whereas for F' = uR' = uR + upg > uR

Given thatin equilibrium F = F' = P, as P increases, F will attain its limiting value first and
hence the upper cube will slip on the lower cube. E1 (1)



(iii) For a = 1 the upper cube slips on the lower cube if P = upg , B1

L9

y=% WhenP=1+h

andx=lwhenP=ﬂandash<1,2h<1+h,so&>ﬂ M1
2 2h 2h 7 1+h

Thus equilibrium is broken either by the upper cube slipping if upg < % or by both toppling

togetherif uypg > % M1
Thatis upper slipsif (1 + h) <1 orbothtoppleif u(1+ h) > 1 asrequired. *A1 (4)

(iv) For a <1 and no slipping occurring,

1 pg(1+a®
y= E when P = ﬁ B1
4
and x = ~a when P =24~ B1
2 2h
4 3
So equilibrium will be broken by the upper cube toppling if pgs < pg((ll:))

Thatisif (1+ h)a* < h(1+ a®) , which can be rearranged to h(1 + a®(1 — a)) > a* E1(3)
(v) If @ =3, for (iv) to occur h > . B

3 so that the top cube doesn’t slip. M1

4
We also require h < a and, in addition, % < upga
Thus, hu >% . A1

3
E.G.h—g,/.l—

| w

(choosing h larger than % to enable a feasible value of i to be chosen.)

B1(4)



11. (i)

2ny\ _ (2n)! _ (2n)!
()= == T G i =

M1 M1 *A1 (3)

=(2n—r+1)(

So

S =3 Y o)

M1

2n

:Z(Zn—r+1)(2n+2711_r)+ Z r(Zrn)

r=n+1
M1

2n 2n

= 2, () 2, ()

by changing the index in the first summationto t =2n—r +1 M1 A1

2n
_ 2n
=22, 7(7)
*A1 (5)
(ii)
E(X)ﬂi:@:) 3) a3

M1 A1

using the result of (i) M1 A1

But,

. . . 1 . 1 .
is the expectation of a Bi (Zn, 5) random variable and so = 2n X 5 =n,orusing the second

result given in the stem M1 A1

Thus EX)=n+n (27?) (%)Zn =n <1 + G)Zn (2:)>

as required. *A1(7)

2n

2n+1—-r

)



(iii)

(1)2'”2 (Zn + 2)
2 n+1 1 (2n + 2)! nin!  (2n+2)2n+1) 2n+1

G

SR mI DI+ D) 2ot D+l 2+ D)
M1 A1

2n
and so G) (27:1) decreases as n increases. E1(3)

(1460 D) nen o
LR ey

(iv) The expected profit per pound paid = " > "

So, by the result of (iii), choose n = 1. A1(2)

(If winnings not profit, then logic is identical bar plus 1. Either permissible)



12. (i)

|z
|=
|

0A=1,0C=r,s0 AC=VrZ—1 andtherefore area OAC = ODF = 212 — 1
Also, angle BOC = DOE = cos‘1% so area sector COD = %m’z -2 %rz cos‘1% M1 M1

Thus, P(R < 1) = area OACDF =Vr?2 — 1+ %m‘z —r?2cos™'r~twhen 1 <7 < V2 *A1

P(R<r)=area OGH = %m‘z when 0 <r <1 B1(4)

(i) If the pdf of Ris f(r), then differentiating,

1
f@) = mr
for0<r<1,

and using

1
+—mr—2rcos tr 11— =—qr — 2rcos”

r
Vrz—1 2 rz—1 2

1,.-1

f@r)=

r



for1<r<+2. M1 A1 (3)

Thus
19 V2
E(R)=f —mr? dr+f —nr? —2r?cos™lrtdr
0o 2 1 2
M1 A1ft
N7 V2 NG
1 2 2 1
=[—T[T‘3] —[—r3cos 11"‘1] +J —r3 dr
6 0 3 1 1 3 rrz-1
M1 A1
2 w2 Jﬁz , 1
= - —-r dr
3 3 ;3 2 —
as required. *A1 (5)
(iii)
Let
I f T4
= T
Vrz—1
Then
r r2 -1
I=fr dr =ryr? — —J\/rz—ldr=r\/r2—1—f dr
Vrz —1 Vrz —1
M1 M1
=7r{r2— —f dr+f dr=r\/r2—1—l+cosh_1r+c
Vrz — Vrz —
M1 M1
So
1 1
=—(r\/r2—1+cosh‘1r+c)=—(r\/r2—1+ln(r+ r2—1)+c)
2 2
A1 (5)
Hence

E(R)——X x[r\/rz +ln(r+ r? — )]f=%(\/§+ln(\/§+1))

M1 A1ft *A1 (3)
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