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Mark Scheme 4721/01 January 2007
1 5 2+ \/g Ml Multiply top and bottom by
X
2=z 2443 +(2+43)
5(2+4/3
= (4—\3/_) Al (2+~/3)(2=+/3) =1 (may be implied)
=10+543 Al 10+543
2(3) 1 Bl
1 1 5
(ii) —x2* M1 27 =— or 325 =2 0r 2° =32 soi
2 2
Ml 325 =2* or 16 seenor implied
-8 Al 8
33) 3x—15< 24 Ml Attempt -to simplify expression by
multiplying out brackets
3x <39
x<13 Al x<13
or r—5<8 Ml Attempt to simplify expression by dividing
. h h
<13 Al through by 3
Attempt to rearrange inequality or equation
.. 2 Ml p g quality or eq
(i) sz >80 to combine the constant terms
x">16
x>4 Bl x>
or x<-4 Al fully correct, not wrapped, not ‘and’
SR Bl forx >4, x<-4
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1
4 Let y = x3 *M1 Attempt a substitution to obtain a quadratic
y?+3y-10=0 or factorise with 3/x in each bracket
(y=-2)(y+5) =0 DM1 | Correct attempt to solve quadratic
y=2,y=-5 Al Both values correct
x=2x= (—5)3 DMI1 Attempt cube
x=8x=-125 Al ft 5 | Both answers correctly followed through
SR B2 x=8 fromT &1
5
5(1)
M1 Reflection in either axis
Al 2 | Correct reflection in x axis
(ii) (1,3) B1 Correct x coordinate
B1 2 | Correct y coordinate
SR Bl for (3, 1)
(iii) Translation Bl
2 units in negative x direction Bl 2
6
6 (i) 2(x* —12x + 40) Bl a=2
= 2f(x—6)> —36+40] Bl b=6
NP Mi 80 —2b° or 40— b* or 80 - b* or 40 — 2b°
=2~ 6" +4] (their b)
=2(x—6)> +8 Al 4 |c=38
(ii) x=6 Bl ft 1
(iif) y=28 Blft 1
6




Mark Scheme 4721/01 January 2007
(1) dy
o Bl 1
(ii) y=2x" Bl x7 soi
% — 4y B1 —4x°
X -3
Bl 3| kx
(iii) y=10 x> —14x+5x-7 Ml Expand the brackets to give an expression
—10x>—9x—7 0ff0rmax2+bx+c(a¢0,b¢0,c¢0)
Y Al Completely correct (allow 2 x-terms)
dy 0x 9 Bl ft 1 term correctly differentiated
E =2Ux — BI ft 4 | Completely correct (2 terms)
8
8 (i) dy 90— 65— 3 *M1 Attempt to differentiate y or —y (at least one
E =7 70xX=ox correct term)
Al 3 correct terms
d
At stationary points, 9 — 6x - 3x* =0 Ml Use of a’_y =0 (foryor—y)
x
33+x)(1-x)=0 DMI1 Correct method to solve 3 term quadratic
x=-3orx=1 Al x=-3,1
y=0, 32 Alft 6 | Y=0, 32 .
( 1 correct pair www Al A0)
d 2 2
(ii) g) =—6x-6 M1 Looks at sign of —=-, derived correctly
dx x
dy
from k—— , or other correct method
dx
d’*y
When x =3, dx? >0 Al x=-3 minimum
d 2
When x =1, Z <0 )
x Al 3 | x=1 maximum
(iii) Bex<d Ml Uses the x values of both turning points in
inequality/inequalities
Al 2 | Correct inequality or inequalities. Allow <
11




9 (i)

(i)

(1ii)

Gradient = 4

y=T=4(x-2)

y=4x-1

\/(xl _x2)2 +( _y2)2

- J—1)? +(7-"2)°

=+/3? +9?
=490
-34/10

Gradient of AB =3

1

Gradient of perpendicular line = — 5

Midpoint of AB = (2

sy 1
YT
x+3y—-8=0

Bl

Ml

Al

Ml

Al

Al

B1

B1 ft

Bl

Mi

Al

Al

12

Gradient of 4 soi

Attempts equation of straight line through
(2, 7) with any gradient

Use of correct formula for d or @* ( 3 values
correctly substituted)

V32492

Correct simplified surd

SR Allow B1 for —%

Attempts equation of straight line through
their midpoint with any non-zero gradient

5 -1 1
- — = — X__
y-573 ( 2)
x+3y—-8=0




10 (i)

(i)

(iii)

Centre (-1,2)
x+1>-1+@-2"-4-8=0
(x+ 12+ @-2)y° =13

Radius V13

Q)P+ (k-2)=13
(k—2)*=9
k—2==£3

k=-1

EITHER
y=6-—x
(x+1)Y2+(6-x-2)7*=13
(x+1Y2+@-x7*=13

A2 +1+16-8x+x*= 13
2% -6x+4=0

200- D(x-2)=0

x=1,2
Sy=5.4

OR

x=6-y
6-y+17+(-2y7=13
(7-y)P+@-27=13

49— 14y +y* +y" —4y+4 = 13
2y*— 18y +40=0

20-4)(y-5=0
y=4,5
Sox=2,1

B1
M1

Al

Ml

Ml
Al

MI
Mi

Al
Ml

Al
Al

12

Correct centre
Attempt at completing the square

Correct radius

Alternative method:

Centre (-g, -f) is (-1, 2) B1
g+ f-c Ml
Radius = V13 Al

Attempt to substitute x = -3 into circle
equation

Correct method to solve quadratic
k=-1 (negative value chosen)

Attempt to solve equations simultaneously
Substitute into their circle equation for x/y
or attempt to get an equation in 1 variable

only

Obtain correct 3 term quadratic

Correct method to solve quadratic of form
ax* +bx+c=0 (b#0)

Both x values correct

Both y values correct

or

one correct pair of values www Bl
second correct pair of values Bl

SR
T &I M1 Al One correct x (or y) value

A1l Correct associated coordinate
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1 15+19d =72 Ml Attempt to find d, froma + (n — 1)d or a+ nd
Hence d =3 Al Obtain d =3
S, =1, {(2 X 15)+ (99 X 3)} M1 Use correct formula for sum of n terms
=16350 Al 4 | Obtain 16350
2 @i 46x T80 = 0.802/0.803 Ml Attempt to convert to radians using 7 and 180 (or 2x &
360)
Al 2 | Obtain 0.802 / 0.803, or better
(ii) 8x0.803=6.4cm B1 1 | State 6.4, or better
(iii) ' x 8°x 0.803 =25.6/25.7 cm’ Ml Attempt area of sector using 2?0 or 176, with @ in
radians
Al 2 | Obtain 25.6 / 25.7, or better
3 @) I(4x - Sﬁx =2x*-5x+c¢ Ml Obtain at least one correct term
Al 2| Obtain at least 2x* —5x
() y=2x"-5x+c B1V State or imply y = their integral from (i)
7=2x3>-5x3+c=>c=4 Ml Use (3,7) to evaluate ¢
So equation is y =2x* —5x + 4 Al 3 | Correct final equation
4 (i) area= 1x 542 x8 xsin 60° B1 State or imply that sin 60° = % or exact equiv
=5x5\5X8X§ M1 Use Lacsin B
=10V6 Al 3| Obtain 10V6 only, from working in surds
(i) AC* = (5\/5)2 +8% —2x 542 x8xcos 60° Ml Attempt to use the correct cosine formula
Al Correct unsimplified expression for 4C
AC="7.58 cm Al 3 | Obtain AC = 7.58, or better
5 (@) @ log3 4’%7 Bl 1 | Correct single logarithm, as final answer, from correct
working only
(i) log,*=l=2
4x+7 _ :
L =9 Bl State or imply 2 = log, 9
4x+7=9x Ml Attempt to solve equation of form f(x) =8 or 9
x=14 Al 3| Obtainx= 1.4, or exact equiv
9 .
(b) JIOglonx ~ T x3x (logw 3+2log,, 6 +log,, 9) Bl State, or imply, the 3 correct y-values only
3
~4.48 Ml Attempt to use correct trapezium rule
Al Obtain correct unsimplified expression
Al 4 | Obtain 4.48, or better
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6 () (1+4x) =1+28x+336x” +2240x° Bl Obtain 1 + 28x
Ml Attempt binomial expansion of at least 1 more term, with
each term the product of binomial coeff and power of 4x
Al Obtain 336x”
Al 4| Obtain 2240x’
(ii) 28a+ 1008 =1001 Ml Multiply together two relevant pairs of terms
Hencea=-"% AV Obtain 28a + 1008 = 1001
Al 3| Obtaina=-"%
7 @@ () B1 Correct shape of kcosx graph
[, B1 2| (90,0), (270, 0) and (0, 2) stated or implied
(b) cosx=04 M1 Divide by 2, and attempt to solve for x
X =66.4° 294° Al Correct answer of 66.4° / 1.16 rads
AIN 3| Second correct answer only, in degrees, following their x
(ii) tanx=2 Ml Use of tanx = % (or square and use sin’x + cos’x = 1)
x=63.4°-117° Al Correct answer of 63.4° / 1.56 rads
AIN 3| Second correct answer only, in degrees, following their x
8 (i) -8-36—14+33=-25 Ml Substitute x = -2, or attempt complete division by (x + 2)
Al 2 | Obtain 25, as final answer
(i) 27-81+21+33=0 A.G. B1 1 | Confirm f(3) = 0, or equiv using division
(iii) x=3 B1 State x = 3 as a root at any point
fx) = (x = 3)(x* — 6x — 11) Ml Attempt complete division by (x — 3) or equiv
Al Obtain x* — 6x + k
Al Obtain completely correct quotient
x = 61436+44 Ml Attempt use of quadratic formula, or equiv, to find roots
2
=3+2V5 or 3120 Al 6| Obtain3=2V5 or 320
9 () u,=1.5%1.02" M1 Use 1.57*, or find uy , u3 , uy
=1.624 tonnes A.G. Al 2 | Obtain 1.624 or better
N
(ii) M <39 Ml Use correct formula for Sy
1.02-1
Al Correct unsimplified expressions for Sy
(102" —1)<(39x0.02 +1.5) M1 Link Sy to 39 and attempt to rearrange
(1.02Y —1)<0.52
Hence 1.02" < 1.52 Al 4 | Obtain given inequality convincingly, with no sign errors
(i) log 1.02" < log 1.52 M1 Introduce logarithms on both sides and use log a” = b log
Nlogl.02 < log1.52 Al Obtain N log1.02 <log 1.52 (ignore linking sign)
N <21.144.. M1 Attempt to solve for N
N =21 trips Al 4 | Obtain N=21 only
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10 @ 0=1- % B1 1 | Verification of (9, 0), with at least one step shown
(ii) J 1-3x dx = [x —6x ]Z Ml Attempt integration — increase in power for at least 1 term
9
Al For second term of form kx”
Al For correct integral
= (a_ﬁﬁ)_(9_6\@) Ml Attempt F(a) — F(9)
:a—6\/5+9 Al Obtain a—6\/;+9
a—6Ja+9=4 M1 Equate expression for area to 4
a-6Ja+5=0 Ml Attempt to solve ‘disguised’ quadratic
Wa-1)Va-5)=0
Ja = 1,\/7 =5 Al Obtain at least+/a =5
a=1,a=25
buta>9,soa=25 Al 9 | Obtain a = 25 only

10
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1 Attempt use of quotient rule to find derivative M1 allow for numerator ‘wrong way round’; or
attempt use of product rule
Obtain 26x=D - 3(22x b)) Al or equiv
Bx-1
Obtain -2 for gradient Al or equiv
Attempt eqn of straight line with numerical gradient M1 obtained from their % ; tangent not normal
Obtain 5x +4y—11=0 Al 5 orsimilar equiv
2 (i) Attempt complete method for finding cot 6 Ml rt-angled triangle, identities, calculator, ...
Obtain 3 Al 2 orexact equiv
(i) Attempt relevant identity for cos 26 Ml +2cos’@+1 or *1+2sin’6 or
+(cos® 6 — sin 6)
State correct identity with correct value(s) substituted Al
Obtain —13 Al 3 correct answer only earns 3/3
3 (a) Sketch reasonable attempt at y = x° *B1  accept non-zero gradient at O but curvature
to be correct in first and third quadrants
Sketch straight line with negative gradient *Bl  existing at least in (part of) first quadrant
Indicate in some way single point of intersection B1 3 dep *B1 *Bl1
(b) Obtain correct first iterate Bl allow if not part of subsequent iteration
Carry out process to find at least 3 iterates in all M1
Obtain at least 1 correct iterate after the first Al allow for recovery after error; showing at
least 3 d.p. in iterates
Conclude 2.175 Al 4 answer required to precisely 3 d.p.
[0—>2.21236 > 2.17412 — 2.17480 — 2.17479;
1 - 2.19540 — 2.17442 — 2.17480 — 2.17479;
2217791 > 2.17473 — 2.17479 — 2.17479;
3> 2.15983 —> 2.17506 —> 2.17479 — 2.17479]
4 (i) Obtain derivative of form k(4¢ + 9)7% Ml any constant k
Obtain correct 2(4z + 9)_% Al or (unsimplified) equiv
Obtain derivative of form ke** "' Ml any constant k different from 6
Obtain correct 3¢**"' Al 4 orequiv
(ii) Either: Form product of two derivatives M1 numerical or algebraic
Substitute for # and x in product M1 using ¢ =4 and calculated value of x
Obtain 39.7 Al 3 allow £0.1; allow greater accuracy
Or Obtain k(4 +9)" e ! M1 differentiating y = 6e:** " *!
Obtain correct 6(4¢ +9) 27+ *1 Al or equiv
Substitute = 4 to obtain 39.7 Al (3)allow £0.1; allow greater accuracy
5 (i) Obtain R= /17 or 4.12 or 4.1 B1 or greater accuracy
Attempt recognisable process for finding « Ml allow for sin/cos confusion
Obtain a=14 Al 3 or greater accuracy 14.036...

12
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(ii) Attempt to find at least one value of 6 + Ml
Obtain or imply value 61 AlN  following R value; or value rounding to 61
Obtain 46.9 Al allow +0.1; allow greater accuracy
Show correct process for obtaining second angle M1
Obtain —75 Al 5 allow %0.1; allow greater accuracy; max of
4/5 if extra angles between —180 and 180
6 (i) Obtain integral of form k(3x + 2)% Ml any constant k
Obtain correct Z(3x + 2)% Al or equiv
Substitute limits 0 and 2 and attempt evaluation M1 for integral of form £(3x +2)"
Obtain %(8% - 2%) Al 4 or exact equiv suitably simplified
(ii) State or imply ﬂ'J- 3 ! 5 dx or unsimplified version B1 allow if dx absent or wrong
X+
Obtain integral of form &In(3x + 2) Ml any constant k involving 7 or not
Obtain 17In(3x+2) or 1In(3x+2) Al
Show correct use of In a — In b property M1
Obtain J7In4 Al 5 or (similarly simplified) equiv
7 (i) State a in x-direction B1 or clear equiv
State factor 2 in x-direction B1 2 orclear equiv
(ii) Show (largely) increasing function crossing x-axis Ml with correct curvature

Show curve in first and fourth quadrants only Al 2 not touching y-axis and with no maximum
point; ignore intercept

(iii) Show attempt at reflecting negative part in x-axis Ml
Show (more or less) correct graph A1V 2 following their graph in (ii) and showing
correct curvatures

(iv) Identify 2a as asymptote or 2a + 2 as intercept Bl allow anywhere in question
State 2a <x<2aq+?2 B1 2 allow < or < for each inequality
8 (i) Obtain —2x e as derivative of e Bl
Attempt product rule *M1 allow if sign errors or no chain rule
Obtain 8xe™ —2x% ™ Al or (unsimplified) equiv
Either: Equate first derivative to zero and
attempt solution Ml dep *M; taking at least one step of solution
Confirm 2 Al 5 AG
Or: Substitute 2 into derivative and show
attempt at evaluation M1
Obtain 0 Al (5) AG; necessary correct detail required

13
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(i) Attempt calculation involving attempts at y values Ml with each of 1, 4, 2 present at least once as
coefficients
Attempt k(y, + 4y, +2y, + 4y, + y,) Ml with attempts at five y values corresponding
to correct x values
Obtain %(0 +4x0.00304 +2x0.36788
+4 x2.70127 + 4.68880) Al or equiv with at least 3 d.p. or exact values
Obtain 2.707 Al 4 or greater accuracy; allow £0.001
(iii) Attempt 4(y value) — 2(part (ii)) M1 or equiv
Obtain 13.3 Al 2 or greater accuracy; allow 0.1
9 (i) State 2<y<2 B1 allow <; any notation
State y <4 B1 2 allow <; any notation
(ii) Show correct process for composition MI right way round
Obtain or imply 0.959 and hence 2.16 Al AG; necessary detail required
Obtain g(0.5) =3.5 B1 or (unsimplified) equiv
Observe that 3.5 not in domain of f Bl 4 orequiv
(iii) Relate quadratic expression to at least one end
of range of f M1 or equiv
Obtain both of 4-2x*<-2 and 4-2x*>2 Al or equiv; allow any sign in each (< or < or >

Obtain at least two of the x values —/3,-1,1,/3 Al

Obtain all four of the x values Al

Attempt solution involving four x valuesM1

Obtain x<-+3, —l<x<l, x>3 Al

14

or > or =)

to produce at least two sets of values

6 allow < instead of < and/or > instead of >
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1 Factorise numerator and denominator Ml or Attempt long division
6x —24
Num = (x + 6)(x - 4) or denom = x(x - 4) Al Result= 1+ ]26 1
x°—4x
+6 6 6
Final answer = >~ or | +— Al =1+—
X X X
2 Use parts with # =1In x,dv=x Ml & give 1 stage in form f(x)+ /- J-g(x)(dx)
Obtain %lenx—‘[%%xz(dx) Al or Elenx—.[ x(dx)
— 1,2 1,2
=5x"Inx—53x" (+c) Al
Use limits correctly Ml
Exact answer 2In2—3 Al AEF  ISW
3 (1) Find a —borb—a irrespective of label Ml (expect 11i —2j —6kor —11i+2j +6k)
Method for magnitude of any vector M1
V161 0r12.7(12.688578) Al
(i1) Using (E) or ﬁ) and (E or ﬁ) B1 Do not class angle AOB as MR
__ scalar product of any two vectors
cos 0 = product of theiil moduli MI
43 or better (42.967...), 0.75 or better (0.7499218..) A1 If 137 obtained, followed by 43, award A0
Common answer 114 probably — B0 M1 A0
4 Attempt to connect dx and du Ml but not just dx = du
For du = 2 dx AEF correctly used Al sight of 4 (du ) necessary
Iu8+u7 (du) Al or J.u7(u+1)(du)
Attempt new limits for u at any stage (expect 0,1) |M1 or re-substitute & use ( %,3)
iz Al AG WWW
S.R.If M1 A0 A0 M1 A0, award S.R. B1 for answef <%, 3% or 11 | ISW
5 (i) Show clear knowledge of binomial expansion [MI —3x should appear but brackets can be
missing; —+.—3 should appear, not — 1.2
=1+x B1 Correct first 2 terms; not dep on M1
+2x° Al
+1 Al
(i1) Attempt to substitute x + x® for x in )] Ml Not just in the ﬂx3 term
2
Clear indication that (x + x3) has no termin x°>  |Al
iz VAL ft. of(x) + cf(x3 ) in part (i)
6 () 2x+1=/=A(x-3)+B Ml
A=2 Al
B=17 A/B 1 Cover-up rule acceptable for B1
(ii) Jﬁ (dx)=In(x—3)or 1n|x 3| Bl Accept 4 or L as a multiplier
I =y (dx) =— ;3 Bl Accept B or % as a multiplier
6
6+21In7 Follow-through 78 +A4In7 |VB2

16
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7 Lly)=xL+y Bl
2 d
L0?)-208 BI
4x+x%+y+2y%=0 BI
Put £ =0 *M1
Obtain 4x+y =0  AEF Al and no other (different) result
Attempt to solve simultaneously with eqn of curve | dep*M1
Obtain x* =1 or y* =16 from 4x+y =0 Al
(l,—4) and (— 1,4) and no other solutions Al Accept (£ 1,¥4) but not (i l,i4)
v T 1 1
8 (1) Use Y % and —— for grad of normal M1 or change to cartesian.,diff & use ——
ar m m
=-p AG WWW Al Not —¢.
(i1) Use correct formula to find gradient of line Ml
Obtain AG WWW Al Minimum of denom = 2 ( p— q)( p+ q)
P+q
(iii) State — p = ﬁ Ml Or find eqn normal at P & subst (2q2 ,4q)
Simplify to p*> + pg+2=0 AG WWW Al With sufficient evidence
(iv) (8,8) > tor porg =2 only B1 No possibility of —2
Subst p =2 in eqn (iii) to find ¢, Ml Or eqn normal,solve simult with cartes/param
Subst p =g, in eqn (iii) to find ¢, M1 Ditto
g, =% — (%2,%) Al No follow-through; accept (26.9 , 14.7)
9 (i) Separate variables as [ sec’ y dy =2/ cos®2x dx | M1 seen or implied
LHS=tany Al
RHS; attempt to change to double angle M1
Correctly shown as 1 + cos 4x Al
[cos 4x dx = Lsin4x Al
Completely correct equation (other than +c) Al tan y = x + 4 sin 4x
+c on either side Al not on both sides unless ¢, and ¢,
(i1) Use boundary condition Ml provided a sensible outcome would ensue
c(onRHS)=1 Al or ¢,—c¢;=1;  not fortuitously obtained
Substitute x = ¢ into their eqn, produce y = 1.05 | Al or 4.19 or 7.33 etc. Radians only
10 (i) For (either point) + #(diff between posn vectors) | M1 “r =" not necessary for the M mark
r = (either point) + #(i -2j — 3k or —i + 2j + 3k) Al ... but it is essential for the A mark
(i)r=si+2j—k)or(i+2j—-k) +sii+2j—-k) |Bl Accept any parameter, including ¢
Eval scalar product of i+2j-k & their dir vect in (i) | M1
Show as (1x1 or 1)+(2x-2 or -4)+(-1x-3 or 3) Al This is just one example of numbers involved
=0 and state perpendicular AG Al
(iii) For at least two equations with diff parameters | M1 e.g S+t=s,2-2t=2s, —9-3t=-s
Obtain f = -2 or s=3 (possibly -3 or 2 or -2) Al Check if t =2,1or—1
Subst. into eqn 4B or OT and produce 3i + 6j — 3k | Al
(iv) Indicate that ‘OC ‘ is to be found M1 where C is their point of intersection

V54 £t Na® +b* +¢* fromai + bj + ck in (i) VAT

In the above question, accept any vectorial notation

t and s may be interchanged, and values stated above need to be treated with caution.
In (iii), if the point of intersection is correct, it is more than likely that the whole part is correct — but check.

17



4724 Mark Scheme January 2007

18



19

Mark Scheme 4725
January 2007



4725 Mark Scheme Jan 2007
1. (i) a=-3 B1 State correct value
(i) 2a-3=T7o0r3a—6=9 M1 Sensible attempt at multiplication
a=>5 Al Obtain correct answer
2. Ml Attempt to equate real and
imaginary parts of (x +iy)’ and 15
x*—y*=15 and xy =4 Al Al +8i
Ml Obtain each result
DM1 Eliminate to obtain a quadratic in x°
+ (4 +1) Al ory’
Solve to obtain x = (£)4, or y =
(D)1
Obtain only correct two answers as
complex numbers
3. Ml Expand to obtain ° — r
M1 Consider difference of two standard
results
n (n+1)* - In(n+1) Al Obtain correct unfactorised answer
Ml Attempt to factorise
Al Obtain factor of +n(n +1)
Ln(n-Dn+D(n+2) Al Obtain correct answer
4. (1) Bl Circle
Bl Centre (1, -1)
B1 Passing through (0, 0)
(i1) Bl Sketch a concentric circle
B1 Inside (i) and touching axes
B1 Shade between the circles
5. 10) B1 Show given answer correctly

20




4725

Mark Scheme

Jan 2007

(ii) Ml Attempt to solve quadratic equation
or substitute x + iy and equate real
and imaginary parts

—1+i \/g Al Obtain answers as complex numbers

(iif) Al Obtain correct answers, simplified

B1 Correct root on x axis, co-ords.
shown

B1
Other roots in 2" and 3™ quadrants

B1
Correct lengths and angles or co-
ordinates or complex numbers
shown

6. (1) Bl Correct expression for u,,+
M1 Attempt to expand and simplify
Upr1— U, =2n +4 Al Obtain given answer correctly
(i1) Bl State u; = 4 ( or u, = 10 )and is
divisible by 2
Ml State induction hypothesis true for
M1 U,
Al Attempt to use result in (ii)
Al Correct conclusion reached for u,,+;
Clear,explicit statement of induction
conclusion
7. (i) o + B= -5 aBf=10 B1 B1 State correct values
(i) o’ + B =5 Ml Use (o + B) — 20
Al Obtain given answer correctly, using
value of -5
(ii1) Bl Product of roots = 1
M1 Attempt to find sum of roots
Al Obtain 5 or equivalent
x*—1x+1=0 Blft Write down required quadratic
q q
equation, or any multiple.
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8 (1) Ml Factor of 7! or (r + 1)! seen
Al Factor of (» + 1) found
(r+ 1) Al Obtain given answer correctly
(i1) M1 Express terms as differences using
Al (1)
M1 At least 1* two and last term correct
(n+2)! - 2! Al Show that pairs of terms cancel
(ii1) Bl1ft Obtain correct answer in any form
Convincing statement for non-
converging, ft their (ii)
0. M1 For at least two correct images
(i) 0 0 3 3
0 1 0 1 Al For correct diagram, co-ords.clearly
written down
i) 90° clockwise, centre origin
(i) £ Bl Bl Or equivalent correct description
0 1 . o
10 Bl Correct matrix, not in trig form
(iii) Stretch parallel to x-axis, s.f. 3 Bl Bl Or equivalent correct description,
but must be a stretch for 2" Bl
30
01 B1 BI
Each correct column
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10. | (1) M1 Show correct expansion process for
M1 3x3
A=detD=3a-6 Al Correct evaluation of any 2 x 2 det
Ml Obtain correct answer
Al Show correct process for adjoint
B1 entries
Do 1 3 -2 4
T A | -3 a-a Al 7 | Obtain at least 4 correct entries in
-3 aa-6
adjoint
M1 . . .
iy q 5 Divide by their determinant
(11) A 2a -9
a1 ALALAT Obtain completely correct answer
ft all 3
11
Attempt product of form D™'C, or
eliminate to get 2 equations and
solve
Obtain correct answers, ft their
inverse
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1 () f0)=In3f
£(0) = '
P0)=-/A.G.

(i) Reasonable attempt at Maclaurin

f(x) =1In3 + 3x-'/ 95

2 (1) f(0.8) = - 0.03, £(0.9) = +0.077 (accurately
e.g. accept -0.02 t0 -0.04)
Explain (change of sign, graph etc.)

(i1) Differentiate two terms
Use correct form of Newton-Ra ph son with
0.8, using their f (x)
Use their N-R to give one more approximation
to 3 d.p. minimum
Get x = 0.835
3 (i) Show area of rect. = /4 (1% + e+ 104 e')
Show area = 1.7054
Explain the < 1.71 in terms of areas

(i1) Identify areas for > sign
Show area of rect. = ' /; (" + &' + ¢+ ¢%'°)
GetA>1.27

r“\

4@

P
v
"

(i1) Correct definition of sinh x
Invert and mult. by eXto AG.

Sub. u = ¢'and du = ¢'dx
Replace to 2/(u’ - 1) du

Integrate to aln((u - )/(u+ 1)
Replace u

26
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Bl
Bl
B1 Clearly derived

Ml Form In3 + ax + bx’, with a,b

related to £« {°
Al\J On their values off’and £

SR Use In(3+x) =In3 + In(1 +' /3
x) Ml Use Formulae Book to get
In3 + v3x- v2vix)2 =
In3 + v3x- 1/igx2 Al

BI

Bl

SR Use x = VJ(tan”x) and compare X to
VI(tan” x) for x=0.8, 0.9
Explain “change in sign”

B1
B1

Bl Get 2x-11(1 +x%)
ML 0.8 - f(0.8)/f (0.8)

MY

Al 3d.p. - accept answer which rounds
Ml Or numeric equivalent

Al At least 3 d.p. correct

Bl AG. Inequality required

B1 Inequality or diagram required
MI Or numeric evidence
Al cao; or answer which rounds down

BI Correct shape for sinh x

B1 Correct shape for cosech x

B1 Obvious point (dy/dx £0)/asymptotes clear

B1 May be implied

B1 Must be clear; allow 2/( eX-¢ -X) as
mimimum simplification

M1 Or equivalent, all x eliminated and
not dx = du

Al

A1V Use formulae book, PT, or atanh™u
Al No need for ¢
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5 (i) Reasonable attempt at parts Get
xnsin x - | sin x. nx"" dx
Attempt parts again Accurately
Clearly derive AG.

(i) Get [y = ("fom)* = 121, or I, = ("/om)’ - 2,
Show clearly 7, =1

Replace their values in relation Get
]42 1/167T4 - 372'2 + 24

6()x=xa,y=2

7(i) Writeas A/t + B/ + (Ct+ D)/(F + 1)

Equate At('+ 1) + B(f'+ 1) + (Ct+D)¢ to
1-f

Insert t values | equate coeff.
GetA=C=0,B=LD==2

(i1) Derive or quote cos x in terms of ¢
Derive or quote dx =2 dt/(1+ £ )
Sub. in to correct P.F.

Integrate to —1/¢ -2 tan™'t
Use limits to clearly get AG.

8 (i) Get (¢ —e”)/(¢' +¢”)

(ii) Attempt quad. in e’
Solve for ¢’
Clearly get AG.

(ii1) Rewrite as tanh x = &
Use (ii) for x =Vz1n 7 or equivalent

(iv) Use of log laws
Correctly equate In4=1InBtoA=B
Getx ==+

Mark Scheme

BI,
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M1 Involving second integral Al
M1
Al

Al Indicate ( 1/27r)" and 0 from limits

B1

B1 May use />
M1

Al cao

B1, B1 Must be =; no working needed

B1 Two correct labelled asymptotes 11Ox and
approaches

B1 Two correct labelled asymptotes 110y and
approaches

B1 Crosses at (*/»a,0) (and (0,0) - may be
implied

B1 90° where it crosses Ox,; smoothly

B1 Symmetry in Ox

M1 Allow (At+B)/f ; justify B/f + D/(1 + £)
if only used

M1V
M1 Lead to at least two constant values
Al
SR Other methods leading to correct PF
can earn 4 marks; 2 M marks for
reasonable method going wrong
Bl
B1
M1 Allow k (I-)/((£3(I +£?) or equivalent
AN From their k
Al

B1 Allow (e*¥-1)/(e®+ 1) or if x used

M1 Multiply by e"and tidy
M1
Al

M1 SR Use hyp def” to get quad. in &M I

Al Solve e*=7 for xto '/, 1n 7 Al

BI1 One used correctly
M1 Or 1n(*l5) = 0
Al
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9 (1)

(i)

(iii)

Mark Scheme Jan 2007

U se correct formula with correct r

fsec’x dx = tan x used

Quote 12 secx tanx dx = 2sec X

Replace tan’x by sec’x - 1 to integrate
Reasonable attempt to integrate 3 terms And
to use limits correctly

GetV3+ 1-"n

Use x = r cosf, y = rsind, r = (x’ +y°)"?
Reasonable attempt to eliminate 7,6
Get y = (x-1DV(x*+)7)

28

B1 Shape for correct 8; ignore other 6
Used; start at (r,0)

B1 6=0, =1 and increasing r

B1
B1
B1 Or sub. correctly
M1

M1
Al Exact only

M1
M1
A1l Or equivalent
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1 (i) Attempt to show no closure M1 For showing operation table or otherwise
3x3=1, 5x5=1 OR Tx7=1 Al For a convincing reason
OR Attempt to show no identity M1 For attempt to find identity OR for showing operation
table
Show axe=a has no solution Al 2 | For showing identity is not 3, not 5, and not 7
by reference to operation table or otherwise
(i) (a=)1 Bl 1 | For value of a stated
(iii) EITHER:
2.3y e (i ; i | BI* For a pair of correct statements
{e,r,r",r’}is cyclic, (ii) group is not cyclic p
OR: e, r, 2 , r3} has 2 self-inverse elements,
o . B1* For a pair of correct statements
(ii) group has 4 self-inverse elements
OR: e, r, 2 , r3} has 1 element of order 2 . )
(i) group has 3 elements of order 2 B1 For a pair of correct statements
OR: {e, r, *, r*} has element(s) of order 4 . )
(i) group has no element of order 4 B1 For a pair of correct statements
Not isomorphic Bl For correct conclusion
(dep*)
2
2 EITHER: [3,1,-2]%[l,5, 4] M1 For attempt to find vector product of both normals
=b=k1-1,1] Al For correct vector identified with b
e.g.putx ORy ORz=0 M1 For giving a value to one variable
and solve 2 equations in 2 unknowns Ml For solving the equations in the other variables
Obtain [0,2,-1] OR [2,0,1] OR [1,1,0] Al For a correct vector identified with a
OR: Solve 3x+y—2z=4, x+5y+4z=6
e.g. y+z=1 ORx—z=10OR x+y=2 Mi For eliminating one variable between 2 equations
Putx ORy ORz=t M1 For solving in terms of a parameter
Ly, 21 =[t 2=, =1+1] OR [2=1,1,1~1] Ml For obtaining a parametric solution for x, y, z
OR [1+t,1-1,1¢]
Obtain [0,2,-1] OR [2,0,1] OR [1,1,0] Al For a correct vector identified with a
Obtain £[1,-1,1] Al 5 | For correct vector identified with b
3 () 2= 6++/36-144 M1 For using quadratic equation formula
B 2 or completing the square
z=3+33i Al For obtaining cartesian values AEF
Obtain (r=)6 Al For correct modulus
Obtain (6 =) %n Al 4 | For correct argument
(i) EITHER: 67> OR 3ig seen B1Y f.t. from their
Z73 =673 (cos(—n) tisin(—n)) M1 For using de Moivre with n=+3
Obtain —ﬁ Al For correct value
OR: z° =62 =362 = 6(62—36)— 362 Ml For using equation to find 2
216 seen Bl Ignore any remaining z terms
Obtain - Al 3 | For correct value
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4 () (=xz>) % = x%+ z Bl For a correct statement
dz 21-22) 1 M1 For substituting into differential equation and
x EJFZ = 2z -, attempting to simplify to a variables separable form
2
L 1, 172z Al 3 | For correct equation AG
z z
" z ! 1 20 Ml For separating variables and writing integrals
(i) .[ 1—22 dz = J.;dx = —yh(-2z)=hex M1* | For integrating both sides to In forms
Al For correct result (¢ not required here)
1-222 = (ex)™* AlY For exponentiating their In equation including a
constant (this may follow the next M1)
2 2 -4
Xyt e Ml For substituting z =2
x2 x* (dep™*) .
) o ) For correct solution properly obtained, including
(T -2yT) =k Al 6 | dealing with any necessary change of constant
to kas given AG
5 () @)e p, p° B1 For correct elements
b)e q.q° B1 2 | For correct elements
SR If the answers to parts (i) and (iv) are reversed, full
credit may be earned for both parts
(i) p° =’ =e=(pg)’ = p’¢’ = ¢ M1 For finding (pg)’ or (pg*)’
= order 3 Al For correct order
(pg*>)’ = p¢® = p*(¢*)?* =e= order 3 Al 3 | For correct order
SR For answer(s) only allow B1 for either or both
(iii) 3 Bl 1 | For correct order and no others
(iv) Bl For stating e and either pg or p?4>
e, pg, p*q* OR e, pq, (pg)* Bl For all 3 elements and no more
Bl For stating e and either pq’ or p’q
2 2 2 2,2
e,pq”,p°q OR e, pq”,(pq~) B1 4 | For all 3 elements and no more
OR ¢, p*q,(p*q)’

31




4727

Mark Scheme

Jan 2007

6 (i) (CF m=-3=) de™* Bl 1
(i) (v =) px+q Bl
= p+3(px+q)=2x+1 M1
=p=2 gq=1 Al Al
=GS y=de ™ +2x+ AV
LF. & = %(ye3x)=(2x+l)e3x Bl
= yer =l x+D)-[2eMdr Ml
= ye* =%x63x +%e3x —%e3x +4 A2 *
=GS y=de > +2x+1 AV 5
(iii)y EITHER %:—3Ae_3x+% Ml
= -34+3=0 M1
y:%e_3x+%x+é Al
ORd—y=0,x=0 =3y=1 Ml
dx
=>1=4+4 M1
_2e3x 2,41
y—ge +3x+9 Al 3
(iv) y=3x+35 BIV 1

For correct CF
For stating linear form for PI (may be implied)

For substituting PI into DE (needs y and %)
For correct values

For correct GS. f.t. from their CF + PI

SR Integrating factor method may be used, but CF must
be stated somewhere to earn the mark in (i)

For stating integrating factor

For attempt at integrating by parts the right way round

For correct integration, including constant
Award Al for any 2 algebraic terms correct

For correct GS. f.t. from their * with constant

For differentiating their GS

For putting Y_ 0 when x=0
dx
For correct solution
For using original DE with % =0 and x=0 to find y

For using their GS with y and x=0 to find 4

For correct solution

For correct function. f.t. from linear part of (iii)
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7 (i) EITHER: (AG isr=)[6,4,8]+tk[l,0,1] Bl
or [3,4,5]+tk[1,0,1]
Normal to BCD is M1
n=k[L1,-3] Al
Equation of BCD is r.[1,1,-3]=-6 Al
Intersect at (6+¢)+4+(-3)(8+1)=-6 Ml
t=—4 (t=-1using[3,4,5]) => OM=[2,4,4] Al
OR: (AG isr=)[6,4,8]+k[l,0,1] BI
or [3,4,5]+¢k[1,0,1]
r =u+Av+puw, where
u=[2,1,3] or [L,5,4] or [3,6,5] M1
v,w= two of [, =4, —1],[1,5, 2],[2, 1, 1] Al
(x=) 6+t = 2+ A+ p
eg. (y=) 4 = 1-41+5u Ml
(z=) 8+t = 3—- A+2pu
t:—40rk:—%,p:% Al
= O0OM=][2,4,4] Al 6
(i)
A, G, M havet=0,-3,-4 OR
AG=32,4AM =42 OR = 4G:4AM =3:4 | Bl 1
AG=[-3,0,-3], AM =[-4,0,-4]
(iii) OP=0C+3CG Ml
_fu 1 16
=[4. 45, ¥] Al 2
(iv) EITHER: Normal to ABD is M1
n=k[19,3,-17] Al
Equation of ABD is r.[19,3,-17]=-10 M1
1,411 16 _
19'?+3'?_17°T__10 Al
OR: Equation of ABD is Mi
r=[6,4,8]+A[4,3, 5]+ 5,2] (etc.)
[LL 18 )=16,4,8]+[4,3, 5] +u[1,5,2] | MI
__2 _1
A _Ea H—§ Al
Al
OR: AP=|-Z -1 _38 M1
[ 3°73 3] Al
AB=[-4,-3,-5], AD=[-3,2,-3] M1
— AB+AD=[-7,-1,-8]
:>AP:%(AB+AD) Al 4

For a correct equation

For finding vector product of any two of
i[ls _49 _1]9 i[zs 19 1]9 i[ls 59 2]

For correct n

For correct equation (or in cartesian form)
For substituting point on AG into plane
For correct position vector of M AG

For a correct equation

For a correct parametric equation of BCD

For forming 3 equations in ¢, A, u from line and plane,
and attempting to solve them

For correct value of ¢t or A, p

For correct position vector of M AG

For correct ratio AEF

For using given ratio to find position vector of P
For correct vector

For finding vector product of any two of
1(4,3,5],£[L 5, 2], £[3, -2, 3]

For correct n
For finding equation (or in cartesian form)

For verifying that P satisfies equation
For finding equation in parametric form
For substituting P and solving 2 equations for A, n

For correct A, 1

For verifying 3rd equation is satisfied

For finding 3 relevant vectors in plane ABDP
For correct AP or BP or DP
For finding AB, AD or BA, BD or DB, DA

For verifying linear relationship
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8 (i) cos40+isin40=
A A — 60252 —dicsd + 54 M1 For using de Moivre with n =4

= sin40 = 4c>s —desS

and cos40 = ¢* —6¢2s% + 57 Al For both expressions
— tan 40 = 4tan©—4tan’ 0 Ml For expressing ek jg in terms of ¢ and s
T 2 4 cos
1-6tan” 0+ tan"6 Al 4 | For simplifying to correct expression
.. 40— cot*0—6cot?> 0+1 For inverting (i)
(ii) cot46= 3 Bl 1 '
4cot” 0—4cot0 and using cot = ortan6 = . AG
tan 0 cotO
(iii) cot46=0 B1 For putting cot46 =0
(can be awarded in (iv) if not earned here)
Put x=cot’ 0 B1 For putting x = cot? 6 in the numerator of (ii)
0= én = x> —6x+1=0 For deducing quadratic from (ii) and 6 = %n
OR x2—6x+1:0:>6:%n Bl 3 | or

For deducing 6= %n from (ii) and quadratic

(iv) 40=37ORL(2n+Dn Ml For attempting to find another value of 0
2nd root is x = cot” (%n) Al For the other root of the quadratic
= cot? (én) +cot? (%n) =6 Ml For using sum of roots of quadratic
e (o1 N s oot
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@) Net force on traileris Bl
+/-(700 - Ry)
Mi For applying Newton’s second law to the trailer
with 2 terms on LHS (no vertical forces)
700 - Rr=600x 0.8 Alft ft cv (+/-(700 - Ry))
Resistance is 220N Al
(ii) Ml For applying Newton’s second law to the car or to the
whole, with a =+/- 0.8 (no vertical forces)
2100 - 700 — Rc = Alft
1100 x 0.8
or ft cv(220)
2100 — (R¢ +220) =
(1100 + 600)x
0.8
Resistance is 520N Al
@) Ml For resolving forces vertically
15x0.28 and 11x 0.8 Al Allow use of [1=16.3 and [J =53.1
Y=15x0.28 + 11x0.8 - Alft Ft cv(15 x 0.28 and 11x 0.8)
13
Component is zero Al SR 15sin[] + 11sin[] -13 = 0 gets M1AOA1ftA0
AG
(ii) MI For resolving forces horizontally
X=15x0.96-11x Al Allow use of [1=16.3 and [] =53.1
0.6
Magnitude is 7.8N Al Accept 7.79, -7.8
(iii) Direction is that of the Bl Do not allow horizontal, 90° from vertical.
(+ve) x -axis Do not award if [ =16.3 and [1 =53.1
have been used.
@) T=0.3g B1 At particle (or 0.3g-T=0.3a)
F=T B1 Or F = cv(T at particle)  (or T - F = 0.4a)
R=0.4g Bl
Ml Forusing F= R
Coefficient is 0.75 Al
(ii) Ml For resolving 3 relevant forces on B horizontally, a=0
X=0.3g+0.3g Alft Ft X=03g+cv(u)
cv(R)
X =5.88N Al
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@) Momentum before B1 Or momentum change L
collision 0.8x4 +/- 0.8vy,
=+/-(0.8 x4-0.6x2) Accept inclusion of g in both terms
Momentum after B1 Momentum change N
collision 0.6x2 + 0.6x2
=+/-0.8vL + 0.6 x 2 Accept inclusion of g in both terms
Ml For using the principle of conservation of momentum
even if g is included throughout
Speed is 1 ms™ Al 4 Accept-1 from correct work (g not used).
(ii)(a) 0.6x2-0.7x0.5 M1 Must be a difference. SR 0.6x1 - 0.7x0.5 M1
Total is 0.85kgms™ Al Must be positive
Total momentum +ve DM Or 0.6v + 0.7w is positive, confirming that the
after the collision. 1 momentum is shared between two particles.
If N continues in its No reference need be made to the physically
original direction, both impossible scenario where M and N both might
particles have a continue in their original directions.
negative momentum.
N must reverse its Al 4
direction.
@ii)(b) 0.6x2-0.7x0.5 (= Alft ft cv (0.85). Award M1 if not given in ii(a).
0.85)=0.7v
Speed is 1.21ms™ Al 2  Positive. Accept (a.r.t) 1.2 from correct work
O T8 GO M orusing v= [adi
t=0,v=0)C=0 B1 May be awarded in (ii). Accept ¢ written and deleted.
Expressionis 1.8t/2 Al 3 also for 1.8t" +c
(i) Ml For using s = j vdt
0.9t/3 (+K) Al SR Award B1 for (s =0, t = 0) K = 0 if not already
given in (i), or +K included and limits used.
0.3 x 64 Ml For using limits 0 to 4 (or equivalent)
192m AG Al 4
(iii) u=09x 4’ D* For using ‘0’ = v(4)
M1
Ml For using s = ut + % x7.2t> with non-zero u
5= 144x3 +%72x Al (s=75.6)
3
19.2+75.6 M1 For adding distances for the two distinct stages
Displacement is 94.8m Al 5
OR
V= I7.2dt D* For finding v(4)
Ml Integration and finding non-zero integration constant
t1 Zga v=144,c= Nb Using t=4, v=14.4 gives ¢ = -14.4

s = j7.2t—14.4dt

Integration and finding integration constant.

5= j7.2z +14.4dt

t=0,5=0,k=0 Nb t=4 with s=19.2 and v=7.2t-14.4 gives k=19.2
M1 Substituting t =3 (OR 7 into s = 3.6t" - 14.4t + 19.2)
X Al (s=75.6) (OR s = 3.6 x7* - 14.4x7 + 19.2)

5=3.6x3"+14.4x3 MI Adding two distinct stages OR
19.2+75.6=94.8 Al $=3.6 X7* - 14.4x7+19.2 =94.8 final M1A1
Displacement is 94.8m

(i) Y2 25v, =8 or B*1 Do not accept solution based on isosceles or right
VoTv (25 = Tvy, = angled triangle
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8
Greatest speed is D*B 2
0.64 1
ms’
(ii) Ml For using v =u + at or the idea that gradient
represents acceleration
V =0.02 x40 Al
V=038 Al 3
(iii) M1 For using the idea that the area represents
displacement. nb trapezium area is 16+8+8
M1 For A = (L, + L,)h or other appropriate breakdown
“(70+T)x0.8=40- Alft % (30+T)x0.8=40-8-%x40x0.8 ftcv(0.8)
8
Duration is 10s Al 4
(iv) Ml For using v =u + at or the idea that gradient
represents acceleration
0=0.8+a(30-10) Alft ft cv(10) and cv(0.8)
Deceleration is Al 3 Accept -0.04 from correct work
0.04ms™
Or Ml Using the idea that the area represents displacement.
40-8-%2 x 40 x 0.8- Alft Ft cv(0.8 and 10)
10x0.8 Al Accept -0.04 from correct work. d=-0.04 A0

=0.8(30-10)-a(30-
10)%/2
Deceleration is
0.04ms™
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(i)

(iii)a)

b)

R = 0.5gcos40°
F=0.6 x 0.5gcos40°

Magnitude is 2.25N
AG

-/+0.5gsin40°— F =
0.5a
(a) Acceleration is

10.8ms™
(b) Acceleration is

1.79ms™
0=4 +(-10.8)T,
T;=0.370(3)

0=4*+2(-10.8)s or
s=(0+4)x 0.37/20r
s =4(0.370) +

Ya (-
10.8)(0.370)*

0.7405 = % (1.79)T,’
0.370 + 0.908
=1.28s

B1

Ml
Al

Ml

Al

Al

Al

Ml

Al

Ml

Al
ft

Ml

Alft
Ml
Al

8

R =3.7536
Forusing F= uR

For applying Newton’s second law (either case)
//slope, two forces
Either case

Accept 10.8 from correct working (both forces have
the same sign)

Accept -1.79 from correct working (the forces have
opposite sign) Accept ! 1.8(0)

Requires appropriate sign

Accept 0.37

For complete method of finding distance from A to
highest point using a(up) with appropriate sign

ft a(up) and/or T,

(s =0.7405)

For method of finding time taken from highest point
to A and not using a(up)

ft a(down) and ¢v(0.7405) (T, =0.908 approx)
Using T =T, + T, with different values for T, ,T,

3 significant figures cao
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1 com directly above lowest point Bl
tan o = 6/10 MIl
a=31.0 Al or 0.540 rads 3
2 e=1=@x)4 Bl or 4x0.2x" + ¥4x0.1y% =
0.8=02x+0.1y Bl 14x0.2x4*(B1/B1 for any 2)
solving sim. equ. Ml not if poor quad. soln.
x=4/3 only Al 4
3 [ () | x*=21"+2x40x9.8 Ml
x=35 Al
0 =" — 2x40x9.8 Ml
y=28 Al may be implied
e = 28/35 Ml
e=0.8 Al aef
(i1)) | 0.2x28 ——0.2x35 M1 must be double negative
1=12.6 Al 8
4 | (i) | ¥%x80x5 or ¥x80x2> either KE Bl 1000/160
70 x 25 Bl 1750
80x9.8x25sin20° B1 6703.6
WD=1x80x5"-5x80x2”+70x25+80x9.8x255in20° M1 4 parts
9290 Al
(i1) | Pcos30°x25 B1 or a=0.42
Pc0s30°.25=9290 / Pcos30°-70-80x9.8sin20°=80a M1
P =429 /if P found 1* then Pcos30°x25 =9290 ok Al 8
5 | (i) | D=3000/5" =120 M1
Al AG
(i) | 120—75=100a M1
a=0.45 ms” Al
(ii1) | 100x9.8x1/98 Bl weight component
3000/v*=3v*+100x9.8x1/98 Ml
3000 =3v* + 10v* Al aef
solving quad in v* M1 (v’ =30)
v=>548 ms’ Al accept V30 9
6 | (i) | comofA4cmrightofC Bl
1.5x10+7x20= X x30 M1
Al
X =517 Al 51/6  31/6
com of A 6 cm above E Bl or 3 cm below C
45x10+6x20=y x30 M1
Al
y =55 Al
(i) | tan®=5.17/3.5 M1 right way up and (9— )
55.9% or 124° Alf ftheir xX/9-Yy)
(iii) | d=15sin45°  (10.61) Bl dist to line of action of T
Td=30x5.17 Ml allow Tx15 i.e. T vertical
T=14.6 Al 13
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7 | () Tsin30° B1
Tsin30° = 0.3x0.4x2* M1 resolving horizontally
A1
T=0.96 A1 4
(i) | R+ Tcos30° =0.3x9.8 M1 resolving vertically
A1
Stheir T (2.94—Tcos30°)
(iii) | T,sin30° = 0.3 x v¥/0.4 M1 or 0.3x0.4xw*
A1 (T1=1.5V°)
T,c0s30° =0.3x 9.8 B1 (T4 = 1.96V3 = 3.3948)
R=0 B1 may be implied or stated
tan30°=v* /(0.4 x 9.8)for elim of T, M1 and v=0.4w (w = 3.76)
v=1.50 A1 6 13
8 | () |v,=42sin30°(=21) B1
0 =21° — 2x9.8xh M1
h=225 A1 3
(i) | vn=42c0s30° (=36.4) B1
v, = +v, X tan10° M1
v, = +6.41 or 21V3 tan10° A1 or 42co0s30°.tan10°
—6.41 = 42sin30° — 9.8t M1 > must be —6.41(also see “or” x
2)
t=2.80 A1 **
y=42sin30°x2.8 — 4.9x2.8° M1 **
y=204 Aad |7 | theirt
x = 42c0s30° x 2.80 M1
x =102 A1/ J their t
VX + V) M1
d=104 A1 11
or |6.41°=21°+2x-9.8s M1 ** vert dist first then time
s=20.4 A1 **
20.4 =21t + %. -9.8t° M1 **
t=2.80 A1 **
or | 225—sand6.41°=2x9.8s M1 > dist from top (s = 2.096)
y =20.4 A1 **
22582.1="109.8t M1 > 2 separate times (2.143,
0.654)
t=2.80 A1 ** 2.143 + 0.654 14
alternatively
(i) |y=xnN3-x7270 aef B1 y=xtan30°—
9.8x%/2.42°.c0s°30°
dy/dx = 13 — x/135 M1 for differentiating
A1 aef
dy/dx = —tan10° M1 must be —tan10°
13 — x/135 = —tan10° A1
solve for x M1
x =102 INVA J on their dy/dx
y = xN3 - xX*/270 M1
y=204 INVA S their x
NOE + V) M1
d =104 A1 (11)

43




44



45

Mark Scheme 4730
January 2007



Mark Scheme

Jan 2007

Mi For using the principle of
conservation of energy
14 0.6x5° — % 0.6v* = 0.6g(2x0.4) [v* = Al
9.32]
[T +0.6g=0.6a] Ml For using Newton’s second
law
[a=9.32/0.4] M1 For using a = v'/r
T+ 0.6g =0.6x9.32/0.4 Alft ft incorrect energy equation
Tension is 8.1N Al
28¢0s30°— 10c0s30° [=|Avy|= Bl
(I/m)cos @]
10sin30°+ 28sin30° [=|Avy|= Bl
(I/m)sin @ ]
[X=-1Icosf =-0.8885,Y =Isinf = Ml For using mv change for
1.083] component or resultant
Mi For using I’ = X*+ Y?
1=1.40 Al
[tan@ = 1.083/0.8885 or 19/15.588..] M1 For using @ =tan™(Y/-X) or
tan”'(|Avy|/|Avi])
0 =50.6 Al
ALTERNATIVELY
M1 For using cosine rule in
correct triangle
(I/m)* = 28% + 10> —2x28x10c0s60° [=604] Al
[1=0.057 m] Ml For using I = mv change
1=1.40 Al
M1 For using sine rule in correct
triangle
(I/m)/sin60° = Al
10/sin( @ -30°) or 28/sin(150°-
)
0 =50.6 Al
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3 (1) 160a = 2aY Ml For taking moments for AB
about B
Component at B is 80N Al
,,,,,,,,,, ComponentatCis240N.  BIft 3 ftleo+Yy |
(i1) Ml For taking moments for BC
about B or C (and using X =
F) or for whole about A
160a cos60° + 2aFsin60° = 240x2a cos 60°  Alft
or
80x2a cos60° + 160a cos60° = 2aXsin60°
or
240(2 + 2c0s60%)a =
160a + 160(2 + cos60°)a +
2aFsin60°
Frictional force is 92.4N Al
,,,,,,,,,, Directionistotheleft ... BL 4 |
(iii) [92.4/240] M1 Forusing F = pR
Coefficient is 0.385 Alft
4 ) M1 Forusing T=mgand T =
Ae/lL
3.5¢/0/7=0.2g [e= Al
0.392]
__________ Position is 1.092mbelowO. Al 3 AG |
(i1) Ml For using Newton’s second
law
0.2g —3.5(0.392 +x)/0.7=0.2a Alft ft incorrect e
a=-25x Alft ft incorrect e
[25A2 =1.6> or M1 For using AM® =v,, or
15 (0.2)1.6% + 3.5x0.392%/(2x0.7) + Energy at lowest point =
0.2gA energy at equilibrium point (4
=3.5x(0.392 + terms needed including 2 EE
AY/(2x0.7) terms)
__________ Amplitudeis 0.32m Al 5
(ii1) [x = 0.32sin2°] M1 For using x = Asin nt or
Acos(7/2 -
nt)
x=0.291 Al
[v =0.32x5c0s2° or v> = 25(0.32* = 0.291%) M1 For using v = Ancos nt  or
or v =n*(A*—x%) or
0.256 +0.38416 + 0.2g(0.291) Energy at equilibrium point =
=14 0.2v’ + energy at x = (0.291
2.5(0.683)*
V2 =0.443 Al May be implied
v =-0.666 (or 0.666 upwards) Al
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5 1) [mg — mkv” = ma] Ml For using Newton’s second
law
__________ (vdvdoNg-kv)=1 AL 2 AG_ ]
(i1) [- % [In(g —kv))k=x (+C)] M1 For separating variables and
attempting to integrate
[-(In g) 2k = C] Ml For using v(0) =0 to find C
x =[- % [In{(g — kv?)/g} J/k Al Any equivalent expression for
X
[In{(g —kv*)/g} = In(e™)] Mi For expressing in the form
In f(v*) = In g(x) or equivalent
v =(1-e™)g/k Al
M1 For using ¢™* =» 0 for +ve A
Limiting value is /g / k Alft AG
(i)  [1-e%%=0.81] MI For using v*(300) = 0.9°g/k
[-600k = 1n(0.19)] Ml For using logarithms to solve
for k
k =0.00277 Al
6 (1) [u sin30° = 3] Ml For momentum equation for
B, normal to line of centres
,,,,,,,,,, w=6_....... . ..aAr 2
(ii) [4sin88.1° = v sin45°] Ml For momentum equation for
A, normal to line of centres
v =15.65 Al
Ml For momentum equation along
line of centres
0.4(4c0s88.1°) — mu cos30° = -0.4v cos45° Al
,,,,,,,,,, m=0318 Al 5 ]
(ii1) M1 For using NEL
0.75(4cos @ +u cos30°) = v cos45° Al
4sin@ = v sin45° BI
[3cos @ +4.5c0s30° =4sinf | M1 For eliminating v
8sin® - 6¢cos @ = 9cos30° Al AG
7 (i)(a) Extension=12a —0.6 B1
[T=mgsincx ] M1 For resolving forces
tangentially
0.5x9.8sina = 6.86(1.2 - 0.6)/0./6 Alft
,,,,,,,,,, smg=28¢-14 Al 4 AG
(i)(b) [0.8,0.756..,0.745..,0.742.., Ml For attempting to find ¢ ,and
0.741..,0.741.., ] as
__________ @=074 AL 2
(i1) Ah=1.2(c0s0.5 — cos0.8) Bl
[0.217...]
[0.5x9.8x0.217.. =1.06355..] M1 For using A(PE)=mgAh
[6.86(1.2x0.8 — 0.6)*/(2x0.6) = 0.74088] M1 For using EE = A x*/2L
M1 For using the principle of
conservation of energy
Y 0.5v* = 1.06355.. —0.74088 Al Any correct equation for v*
Speed is 1.14ms™ Al
Speed is decreasing Blft
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Note: “3 sfs” means an answer which is equal to, or rounds to, the given answer. If such an answer is seen and then later rounded, apply ISW.
Penalize over-rounding only once in paper, except qu 8(ii).

IH 1= Clio+ 5+ 5) M1 or o+ /s +7s)+p=1
______________ o AL 20
ii Yio+2x 5 +3x%s Ml +4or6 = MOAO
______________ Phooe . \AL 2|
Total 4
21 COx =20;0y =11;x* =96; [y2:31; Cxy
=52) BI
S =16 or3.2 Bl
S, =68  orl.36 Bl
Sy=38 or 1.6 Ml dep-1<r<l1
r=__8 or __ 1.6 ft their s (S, & S,, +ve) for M1 only
/(16x6.8) /(3.2x1.36) Al 5
______________ =0767@3sfs) |
ii Small sample  oe BIf 1
Total 6
3i 120 Bl 1 | not just 5!
iia 3x4! or72 =35 M1
oo\ fs0e | AL 2oeeg oy
b Starts 1 or 21 (bOth) M1 12,13,14,15, (>2 ofthese incl 21, or allow 1 extra)
can be implied by wking
Ys+sx ', MI or 5x3! or 4!+3! (+5!)
R =Yy 0e | Al__3]  complement: full equiv steps for Ms
Total 6
4ia B1 1
W&Y oe
b B1 1
X oe
il Geo probs always decrease B1 1 | Geo not fixed no. of values
or Geo has no upper limittox orx#0 diags have fixed no of trials
iii Bl indep
%% Bldep allow Bin probs rise then fall
Bin probs cannot fall then rise 2
______________ orbimodal
Total 5
51 2685_140><106.8
8 or 2685 — MI Correct sub in any correct formula for b
s 140* BALXSS (incl. (x - ¥) etc)
=136/125 or 0.777 (3 sfs) Al
y 108870 — 07770 — ) M1 ora=""%,—0.777x""%  ft b for M1
| =078 —0.25 or better or y=""%psx /s | Al 4 | = 2 sfs sufficient for coeffs
ii 0.78 x 12 -0.25 M1 M1: ft their equn
______________ =91Q@sfts)y | Alf 2 | Al: depconstterminequn
iiia Reliable B1 Just “reliable” for both: B1
_____ b____| Unreliable because extrapolating oe  |Bl 2| .
Total 8
6i Geo(*/5) stated Ml or implied by (‘)" x /5 _
() x % Ml
______________ =Y0or0.0247 (3sfs) o JAL 3]
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i ('15)’ Ml or */x+' /5x/5+H(5) x5 M2
1-('%5) Mi one term omitted or extra or wrong: M1
1-('5)" or 1- /st 5x*5+( 5)*x 5 ):M1
_____________ Ol or0963.(3sfs) AL 3
il 1/2/3 M1
_____________ T2 08 e AL
Total 8
71 %/yor /o o€ seen B1
3/ or %5 o€ seen B1
s or '/ oe seen B1
Correct structure B1 ie 8 correct branches only,
ignore probs & values
All correct B1 5 | including probs and values,
_________________________________________________________________________________________________ but headings not req’d
1 3/10X7/9"‘ 7/10X3/9+ 7/10X6/9 M2 or 3/1())(7/9"‘ 7/10 or 1 *3/10X2/9
MI: one correct prod or any prod + "/
L Yhsor0933 0 o IAL 3| or *ox s .
11l 10X ox e + 1o x o M2 M1: one correct prod
_____________ "o or05250e |Al 3lcao ]
No ft from diag except: with replacement: (i) structure: B1 (i) °*'/100: B2 (ii1) 0.553: B2
Total 11
8i Med =2 B1 cao
LQ=1orUQ=4 Ml or if treat as cont data:
read cf curve or interp at 25 & 75
_____________ QR =3 AL 3ea
ii Assume last value =7 (oreg 7.5or 8 or 8.5) | Bl stated, & not contradicted in wking
eg 7-9 or 7,8, 9 Not just in wking
Oxf" attempted > 5 terms Mi allow “midpts” in Clxfor Lx’f
2.6 or 3 sf ans that rounds to 2.6 Al
[xzf or D,x—m)zf > 5 terms Ml
J(UXf/100 —m?)  or
J(Lx-m)*)/100 fully correct but ft m M1
1.6 or 1.7 or 3 sf ans that rounds to 1.6 or 1.7 Al dep M3
6 penalize > 3 sfs only once
il Median less affected by extremes or B1 1 | or median is an integer or mean not int.
outliers etc (NOT anomalies) or not affected by open-ended interval
___________________________________________________________________________ general comment acceptable
iv Small change in var’n leads to lge change in IQR
UQ for W only just 4, hence IQR exaggerated for Old Moat LQ only just 1 & UQ only just 3
orig data shows variations are similar Bl 1 | oe specific comment essential
v OM % (or y) decr (as x incr) oe B1 ranks reversed in OM or not rev in W
_____________ OdMoat _____________|BL _2|NIS_ .
Total 13
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9i NCsx (Ma)°x Clay’ Ml or 462 x ('/1)°x Clay’
______________ 0.0268 3sfs) AL
ii g''=0.05 or (1-p)''=0.05 M1 (any letter except p)''=0.05  oe
N0.05 Ml oe or invlo (M)
Al 87
q=0.762 or0.7616 . ..
_____________ p=0238@sfs) | Alf 4 ftdpM2
il IMxpx(1-p)=1.76 oe Mil not 11pg=1.76
11p—11p*=1.76 or p-p*=0.16 | Al any correct equn after mult out
11p*—11p+1.76 =0 orp*-p+0.16=0 | Al or equiv with=0
(25p% = 25p + 4= 0)
Gp-D(p-4)=0 or correct fact’n or subst’n for their quad
orp=11-/(11>—4x11x1.76) M1 equ'n eg p = 1+/(1-4x0.16)
2x 11 2
_____________ p=020r08 |AL_ S|
Total 11
Total 72 marks
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For over-specified answers (> 6SF where inappropriate) deduct 1 mark, no more than once in paper.

1 22-u =_97'0.242) M1 Standardise with @', allow +, “1 = errors, cc, V5 or 5°
3 Al Correct equation including signs, no cc, can be wrong &'
=-07 Bl 0.7 correct to 3 SF, can be +
H=255 Al 4| Answer 25.5 correct to 3 SF
2 (). 900x12=75 | Bl M TSonly
(i1) (a) True, first choice is random Bl 1| True stated with reason based on first choice
... (b) False, chosen by pattern_______ | | Bl 1| False stated, with any non-invalidating reason __________
(iii) Not equally likely M1 “Not equally likely”, or “Biased” stated
e.g. P(1) =0, or triangular Al 2 | Non-invalidating reason
3  Let R be the number of 1s B1 B(90, 1/6) stated or implied, e.g. Po(15)
R ~B(90, 1/6) Bl Normal, p = 15 stated or implied
~N(15, 12.5) Bl 12.5 or V12.5 or 12.5% seen
13.5-15 =-0.424] Ml Standardise, np and npq, allow errors in V or cc or both
V125 Al v and cc both right
0.6643 Al 6 | Final answer, a.r.t. 0.664. [Po(15): 1/6]
4 () w=1008=14=72 Bl 7.2 seen or implied
9315270 3 [=1521] M1 Use n” — their w2
x 14/13 Ml Multiply by n/(n — 1)
=16.38 Al 4| Answer, ar.t. 16.4
(i1) N(7.2,16.38 + 70) Bl Normal stated
[=N(7.2,0.234)] B1V Mean their w
B1V 3 | Variance [their (i)\ + 70], allow arithmetic slip
5 @ A=12 Bl Mean 1.2 stated or implied
Tables or formula used Ml Tables or formula [allow + 1 term, or “1 —] correctly used
0.6626 Al 3 | Answer in range [0.662, 0.663]
_____________________________________________________________________ 3012, 6990, .6268 or 8795: BIMIAO]
(i1) B(20, 0.6626\/) Ml B(20, p), p from (i), stated or implied
2015 0.6626" x 0.33747 M1 Correct formula for their p
0.183 Al 3| Answer, a.r.t. 0.183
(iii) Let S be the number of stars B1 Po(24) stated or implied
S ~Po(24) Bl Normal, mean 24
~ N(24, 24) B1V Variance 24 or 247 or V24, \ if 24 wrong
29.5-24 [=1.1227] M1 Standardise with A, A, allow errors in cc or \ or both
V24 Al VA and cc both correct
0.8692 Al 6 | Answer, in range [0.868, 0.8694]
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6 (i) 1’ M1 Use total area = 1
[‘”‘ +2} =1 B1 Correct indefinite integral, or convincing area method
0 Al 3| Given answer correctly obtained, “1” appearing before
____________ a2l AG ol lastline [if +c mustseeiteliminated)
(i) [L o } ‘n Ml Use Jxf(x)dx = 11/9, limits 0, 2
23 9 Bl Correct indefinite integral
by 011 Al Correct equation obtained, a.e.f.
39 M1 Obtain one unknown by correct simultaneous method
Solve simultaneously Al a correct, 1/6 or a.r.t 0.167
= %, b= % Al 6| bcorrect, 1/3 or ar.t. 0.333
(ii1) e.g. P(<11/9)=0.453, or Ml Use P(x < 11/9), or integrate to find median m
21" JI3 - Ml Substitute into ff(x)dx, \ on a, b, limits 0 and 11/9 or m
{“x +2} =0.5,m=1.303 or [if finding m, need to solve 3-term quadratic]
’ Al Correct numerical answer for probability or m
Hence median > mean A1V 4 | Correct conclusion, cwo
[“Negative skew”, M2; median > mean, A2]
7 (@) Ho: p=0.35 [or p>0.35] Bl Each hypothesis correct, B1+B1, allow p > .35 if .35 used
H;:p<0.35 Bl [Wrong or no symbol, B1, but  or x or X : BO]
B(14, 0.35) M1 Correct distribution stated or implied, can be implied by
o P(£2) =0.0839>0.025 N(4.9, ...), but not Po(4.9)
B: CR < 1, probability 0.0205 Al 0.0839 seen, or P(< 1) = 0.0205 if clearly using CR
Do not reject Hy. Insufficient Bl Compare binomial tail with 0.025, or R =2 binomial CR
evidence that proportion that can M1 Do not reject Hy, \ on their probability, not from N or Po
... receive Channel C is less than 35% | AIN 7 | orP(<2); Contextualised conclusion ¥
(ii) B(8, 0.35): P(0)=0.0319 M1 Attempt to find P(0) from B(n, 0.35)
B(9, 0.35): P(0) =0.0207 Al One correct probability  [P(<2)=.0236,n=18: M1Al]
Al Both probabilities correct
Hence largest value of n is 8 Al 4| Answer 8 or < 8 only, needs minimum M1A1
or 0.65">0.025; nIn 0.65>1n 0.025 | MIM1 | p" > 0.025, any relevant p; take In, or T&I to get 1 SF
8.56;  largest value of n =8 AlAl In range [8.5, 8.6]; answer 8 or < § only
8 (i) o 1007-102_, ¢ M1 Standardise 100.7 with V80 or 80
5.6/~/80 Al a.r.t. —2.08 obtained, must be —, not from p = 100.7
Compare with —2.576 Bl 3| -2.576 or -2.58 seen and compare z, allow both +
or B: ®(-2.076)=0.0189 M1 Standardise 100.7 with V80 or 80
[or @(2.076) = 0.981] Al ar.t. 0.019, allow 0.981 only if compared with 0.995
and compare with 0.005 [or 0.995] | B1 (3) | Compare correct tail with 0.005 or 0.995
or v 102 kx5.6 M1 This formula, allow +, 80, wrong SD, any k from o'
V80
k =2.576, compare 100.7 B1 k=2.576/2.58, — sign, and compare 100.7 with CV
100.39 Al (3) | CV art. 100.4
Do not reject Hy M1 Reject/Do not reject, v, needs normal, 80 or V80, @' or
Insufficient evidence that quantity equivalent, correct comparison, not if clearly p = 100.7
____________ of SiOyislessthan 102 | Al 2| Correct contextualised conclusion
(i) (a) <=102 _ ;356 M1 One equation for ¢ and 1, equated to @', allow cc,
5.6/n Bl wrong sign, 6% 2.326 or 2.33
12— 130256 AG Al 3| Correctly obtain given equation, needs in principle to
,,,,,,,,,,,,,,,,,,,,, Snoo || havestartedfrome—102,-2326
c—100 ~ 9212 | M1 Second equation, as before
®) 56/n 1.645 or c~-100= Jn Al 2| Completely correct, aef
(¢) Solve simultaneous equations Ml Correct method for simultaneous equations, find ¢ or \n
n=11.12 Al Vn correct to 3 SF
Npin = 124 Al Nin = 124 only
c=100.83 Al 4] Critical value correct, 100.8 or better
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1 (1) E(7) =E(X) + AE(Y) M1 Use E(X+AY)
= 100=45+ 334
= 1="/3 AG Al 2 aef
(i)  Var(T) = Var(X) + (/3)*Var(Y) MI
=256 Al
T ~N(100, 256) BIW 3 ft variance
(ii1) Same student for X and Y so
independence unlikely. B1 1 Sensible reason
2 6] Use 3a2=1 B1 1 Or similar
(ii) y=7%x Bl
y=1-Yx MI1A1 3 M1 for correct gradient
BIM1AO if not y=...
2
—X 0<x<1
Qi) fo)=1° 1
1—-—x l1<x<£3
3
BIN 1 ft (ii)
1 3
. 2, 1, e
(iv) J.Ex dx + '[ (x— Ex )dx Ml One correct, with limits
0 1
2.1 1, 1,7
{— x } + ‘:— X’ — —xgl AINATY ft from similar
9 o L2 9 .
=4/3 Al 4 aef
3 (i) Assumes breaking strengths have normal
normal distributions B1
Equal variances B1 2
(1) Horper = o, Hut e > iy B1 For both hypotheses
where ur, uyare means for
treated and untreated thread.
x, =18.05, Xx, =17.26 BI May be implied below by 0.79
s, =0.715, s5,”=0.738 BI Allow biased, 0.596, 0.590 if s
§t= (5%x0.715 + 4x0.738)/9 M1 =(6x0.596 + 5x0.590)/9
EITHER:(18.05 — 17.26)/[s\(1/5+1/6)] M1 With pooled variance est.
=1.532 Al
Compare correctly with 1.383 Ml
Reject Hy and accept there is sufficient
evidence that mean has increased so that
the treatment has been successful. ALV Conclusion in context. Ft 1.532
OR: X, — X, >ks\/1/5+1/6;=0.713 MIAl Allow > or =
0.79 > 0.713, reject Hy etc MIAIV 8 Or equivalent. Ft 0.713
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4 () s*="/11(2604.4 — 177.6%/12) Ml aef
=1.0836... Al
S2
Usex xt,|— M1
12
t=2.201 B1
x=177.6/12=14.8 Al
(14.14,15.46) , (14.1, 15.5) Al 6
(ii) EITHER:(14.8 — 15.4)/(V(s%/12) Ml With their variance
=-1.997 Al
Compare correctly with —1.796 Ml
Reject Hy and accept that there is
evidence that the mean is less than 15.4 A1V In context. Ft — 1.997
2
OR: X —15.4<—k f—z;X£14.86 MIAL Allow < or =
14.8 < 14.86, reject Hy etc MI1A1Y 4 Or equivalent. Ft 14.86
5 (1) 978/1200 =0.815 B1 1
1—
(i1) Use %i Zy ’M Ml Reasonable variance
1200
z=1.645 B1
(0.815x0.185/1200) AV ft 9) Allow 1199
(0.797,0.833) Al 4 Interval
(ii1) If a large number of such samples were
taken, p would be contained in about 90% B1 if idea correct but badly
of the confidence intervals. B2 2 expressed.
(iv) 1.6457(0.815x0.185/n) = 0.01 M1 Allow one error; > or <
Al All correct
n=1.645%0.815x0.185)/0.01° M1 Correct procedure for sim equ
=4080 Al 4 Integer rounding to 4100
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03
6 (1) I —dx Ml Any variable
X
1
1
l-— 2],
F(¢)= t Al 2
(0 otherwise.)
(1) G =P(Y<y) M1
=P(r<y") Al
— F(yl/?)) Ml
=1-1/y Al N ft F(f)
() =G M1
=15*,y>1 AG Al 6
3
T 32
(ifi) EITHER [ L{dy OR [=-dt Ml
1Y 1 1
-1/27]" -3/27]%
[-277] [-27] B1
=2 Al 3
7 (1)(a) Hy: Eye colour and reaction are not
associated. Bl Or equivalent (independent, or
unrelated)
H;: Eye colour and reaction are
associated B1 2
(b) 65%39/140 Bl 1
() 6.117/18.11 +53%11.7+0.81%/9.19 Ml Or equivalent ; one correct
2.061 +2.401+ 0.071 Al At least 3 dp here
4.533, 4.53 AG Al 3 But aceept from 2 dp
(d v=4 B1 Stated or implied
Use tables to obtain o = 2% B1 2
(ii) Ho: pp, = ppr=0.4, po=0.2 B1 Or in words, in terms of
(H;: At least two prob. not as above) probs or proportions
E values 56 56 28 MIA1
2V =9%56+14°/56 +  8%/28 Ml
=5.839 Al Accept 5.84
Compare correctly with 5.991 M1 MI1AO if 5.991 seen and
Accept that sample is consistent with consistent conclusion but the
hypothesis. AN 7 no explicit comparison
SR: If three tests for p then count only
PBR™= 0.4.
(42/140 - 0.4)/0 M1
o =(0.4x0.6/140); -2.415 AlAl
Compare with —1..96; conclusion in context MI1Al Max 6/7 (with Hy)
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@) 104235 M1 First bundle starting with 10 4 2 and has at least
13722 one more bag in it
45853 Ml Second bundle correct
10553 Al All bundles correct [3]
(ii) A value missing from written out list may be
Decreasing order: treated as a misread and lose the A mark only
1310108 75555544333222 Ml Sorting into decreasing order (may be implied
from first bundle starting with 13)
13 10 2 If each row sorted, award first M1 only
10 8 7 M1 Second and third bundles correct
5 5555
4 433322 Al All bundles correct [3]
(iii) | Each person has roughly the same number of bags | Bl Saying that (i) gives a more even/equal allocation
or the total weights are more evenly spread Five bundles in either part {1} BO [1]
Total= 7
@) a = number of apple cakes B1 Identifying variables as ‘number of cakes’
b = number of banana cakes Bl Indicating a as apple, b as banana and c as cherry.
¢ = number of cherry cakes [2]
(ii) | 4x30=3x40=4x30=120 M1 Any reasonable attempt
L4+ L2+£=30x40x30
4a+3b+4c<1200r X=4,Y=3,Z=4 Al 4,3 and 4 2]
(iii) |a+b+c>30 (ora+b+c=30) B1 Constraint from total number of cakes correct
0<a<20,0<b<250<c<10 M1 All three upper constraints correct
(no need to say ‘all integer’) Al All three lower constraints correct also [3]
(iv) | 4a+3b+2c Bl Any multiple of this expression [1]
Total= §
(i)a | 9x2=18 Bl 18 [1]
b | Since the graph is simple, the two nodes of order | Bl Explicitly using the fact that the graph is simple
5 are each connected to every other node and Bl Deducing that each node has order at least 2
hence every node has order at least 2 (exactly 2) or that all other nodes have order 2
A diagram on its own is not enough. [2]
¢ |3x5=15and 18 -15=3 B1 Or, the nodes of order 5 contribute 5+4+3 =12
but the orders of the other nodes must sum to at arcs
least 3x3 = 9 (must sum to more than 3) Bl But there are only 9 arcs available [2]
(ii) M1 A simply connected graph with 6 nodes and 9
@ or equivalent arcs, with at least one odd node
Al For such a graph with node orders 1, 3,3,3,3,5 [2]
(iii) M1 A simply connected graph with 6 nodes and 9
@ or equivalent arcs, with at least one even node
Al For such a graph with node orders 2, 2, 2, 4, 4, 4 [2]
Total= 9
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(@
1 4 5 3 2 7 6 FIRST THREE MARKS ARE FOR WORK ON
A|B|C|D|E|F |G THE TABLE ONLY
A10 4 |5 |3 |25 6 Ml (Starting by) choosing row E in column A
Bl4 |0 |1 ]|21]14 7|6
Cls5 |11]0 ]3[4 |6 |7 .
1312 3 01216 2 M1 dep | Choosing more than one entry from column A
El12 14 41206 |6
£]s )7 16 161610 |10 Al Correct entries chosen (or all transposed)
G|l6 |6 |7 [4]6 [10]0
OrderrAED B C G F
Bl Correct order, listed or marked on arrows or table,
Minimum spanning tree: orarcs listed AE ED DB BC DG AF
A B
B1 Tree (correct or follow through from table,
provided solution forms a spanning tree)
Total weight: 16 (or 1600 m)
B1 16 or 1600m (or follow through from table or
diagram, provided solution forms a spanning tree) | [6]
(ii) | Travelling salesperson (problem) Bl Identifying TSP by name [1]
(iii) | Two shortest arcs from H: 12 + 13 =25 Bl 12 + 13 or 25, or implied from final answer
25+16=41 M1 Adding their 25 to their 16 or for 41 (must be
using two arcs from H)
4100 m Al 4100 m or 4.1 km (correct and with units) [3]
iv v | HAEDBCFGH M1 (HHAEDBC ...
Al Correct tour
124242+2+1+6+10+16 = 51 M1 A substantially correct attempt at sum
5100 m Al 5100m or 5.1 km (correct and with units) [4]
Total = 14
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(@
B E 1
4 |4 8/9] 7 9/87 M1 Correct temporary labels at B to G, no extras
4 7 7
M1 Correct temporary labels at H to J, no extras
A C F H .
10 22 6/7p | TO/IT 8 11/10[ 8| | Al All temporary labels correct
2 6 8 98
Bl Order of becoming permanent correct
D G / (follow through their permanent labels)
al3 45 7/6 6
3 6 5 76 B1 All permanent labels correct
Note: H may have only a temporary label if left
until last
Route: ADGJK Bl Correct route
Number of speed cameras on route: 8 Bl 8 (cao) [7]
(ii) | Oddnodes: 4 I J K M1 Identifying or using 4 [ J K
AlI=7 AJ=6 AK= 8 Al Weight of A + weight of JK =9
JK=2 IK=4 IJ=6 Al Weight of AJ + weight of IK =10
9 10 14 (follow through weight of A/, AJ from (i) if
necessary)
Repeat A and JK = AB BI and JK
Route (example):
KIDABIKJGKHGFHEFCGDCABC | Ml
EBIEK Al A list of 28 nodes that starts and ends with K
Such a list that includes each of AB, BI, JK (or
Number of speed cameras on route: 81 Bl reversed) twice [6]
72 + weight of their least pairing
(iii) | The only odd nodes are / and J so she only needs | Bl Identifying / and J or 1J
to repeat IJ =6 (not just implied from 6 or 72+6 or 78)
72+6 M1 Correct calculation (may be implied from 78)
=78 Al [3]
Total= 16
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(i) Bl Correct use of two slack variable columns
P X y z S t
1 -3 5 4 0 0 0 B1 + (-3 5 -4) in objective row
0 1 2 -3 1 0 12
0 2 5 -8 0 1 40 Bl 12-3 12and25-8 40 in constraint rows
[3]
(ii) The entries in rows 2 and 3 of the z column are B1 Entries for potential pivots are not positive
negative
Pivot on 1 in x column B1 Correct pivot choice (cao) (stated or entry ringed)
x and z columns have negative entries in obj. row
but no value in z column is positive so choose x Follow through their table
12+1=12,40+2=20 Bl ‘Negative in top row for x” and a correct
Least positive ratio is 12 so pivot on the 1 explanation of choice of row ‘least ratio 12 + 1’ [3]
(iii) Follow through their tableau if possible
P X y z s t M1 Correct method evident
1 0 1 13 3 0 36 , .
0 1 2 3 1 0 12 Al Correct tableau (ft if reasonable and possible,
0 0 1 2 2 1 16 column representing RHS of equations must
contain non-negative entries)
x=12,y=0,z=0 Bl Correct non-negative values for their tableau [3]
(@iv) z can increase without limit and increasing z will | Bl Discussing the effect of increasing z
increase P Not just referring to pivoting in tableau [1]
) Initial tableau is unchanged except entry in z col
of obj. row becomes +40 B1 Describing change to obj. row of initial tableau
First iteration tableau is also unchanged except or showing tableau that results
for this entry which becomes 31 B1 Identifying 31 instead of -13 (cao)
B1 No other changes
36 Bl 36 stated (cao) [4]
(vi) Adding the constraints gives 3x - 5y + 7z < 52 B1 52
so 0 <52 [1]
(vii) | x—3z=12and2x+10z=40  (Accept<) M1 Eliminating y terms (may be implied)
$ 10z + 62 = 40 - 24 M1 Trying to solve simultaneous equations
$x =15andz=1 Al Correct values (may imply method marks) [3]
Total= 18
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@) The Hungarian algorithm finds the minimum cost
allocation, we need to subtract each score from 6
to convert a maximisation into a minimisation. Bl A valid reference to maximising/minimising [1]
(i) First subtract each entry from 6
Attic Back Down | Front
Phil 1 5 6 2
Rob 5 0 5 4 Bl Correctly subtracting each entry from 6 (cao)
Sam 2 4 4 3
Tim 3 1 6 6
Reduce rows
0 4 5 1 )
5 0 5 4 Ml Reducing rows first
0 2 2 1
2 0 5 5
Th 1 .
en reduce columns M1 dep | Then reducing columns
0 4 3 0
5 0 3 3
0 2 0 0 .
Al A correct reduced cost matrix from rows reduced
2 0 3 4 first (cao)
M1 Covering zeros using minimum number of lines
and augmenting by (their) 2
Al A correct augmented matrix (cao) from rows
reduced first
Phil = Front room
Rob = Back room
Sam = Downstairs room
Tim = Attic room B1 Correct matching [7]
Total= 8
(i) 16 hours Bl 16 with units
A B D, F B1 All four critical activities and no others [2]
(ii)) Workers
4
M1 A reasonable attempt at a resource histogram
2
Al An entirely correct graph with scales and labels
Q
8 10 12 14 [2]
time (hours)
(iii) | Start C at time 3 B1 ‘C” and ‘3’ or ‘after A’ or ‘with B’
Start E at time 8 B1 ‘E’ and ‘8’ or ‘after B’ or ‘with D’
Start G at time 16 B1 ‘G’ and ‘16’ or ‘after I’
Complete in 19 hours Bl 19 [4]
Total= 8
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(i) -5 Bl -5 [1]
(ii) | Because -3 <2 in column Y M1 Either of these, possibly with others
and 2 >-2 inrow Y Al Both of these comparisons and no others [2]
(iii) | Play-safe for Rebecca is Z B1 Indicating row Z
Play-safe for Claire is ¥ B1 Indicating column Y
Best choice is X Bl ft The correct choice with their play-safe [3]
(iv) | For Rebecca,
-1 > smaller of {-3, value that 5 becomes} Bl This, or equivalent, or 5 is not in the play-safe row
For Claire,
2 <larger of {3, value that 5 becomes} Bl This, or equivalent
(but NOT °5 is not in the play-safe column’) [2]
Total= 8
@) 5p -4(1-p) MI This, or implied
—9p-4 Al 9p—4or-4+9p [2]
(i)
Mil Correct structure to graph
Al Line E = 9p — 4 plotted from (0,-4) to (1, 5)
Al Line £ = 3 — 6p plotted from (0, 3) to (1,-3)
Al Line E = 1 — 3p plotted from (0, 1) to (1,-2)
Withhold an A1 for horizontal scale beyond 0 to
. 1 [4]
(i) | 9p—-4=1-3p M1 Solving the correct pair of lines for their graph
= p=5/12 or 0.41 to 0.42 (or better) Al ft | Correct value for their lines [2]
(iv) | If Colin plays X or Z, Rowan’s expected winnings | Bl Showing why it is +0.25 for Colin
are -0.25 so Colin’s expected winnings are +0.25
Even if Colin plays optimally he cannot expect, in | Bl Realising that Colin need to play his optimal
the long run, to do better on average than to win strategy as well as Rowan
what Rowan loses. [2]
Total= 10
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@) 4+2+4+0+5 M1 At least four correct terms
=15 Al 15 from correct calculation [2]
(ii) | Subtract 3 from S4, AD, DT and add 3 to 7D, DA, Ml Correctly subtracting along one of the three flow
AS augmenting routes
Subtract 2 from SB, BE, ET and add 2 to TE, EB, M1 Correctly adding along one of the three flow
BST augmenting routes
Subtract 2 from SC, CF, FT and add 2 to TF, FC, Al All changes correct and no other changes made
CS [3]
(iii) | eg Route SCET Bl Any valid flow augmenting route (not ft)
Flow =3 Bl ft | Maximum extra flow on their route [2]
(iv) | Maximum flow = 11 litres per second B1 11 with units
Cut: X={S},Y={4,B,C,D,EF,T} Bl This cut described in this way [2]
v) |eg >3
/ 1 3 M1 At each vertex, flow in = flow out
2 5
2" M1 On each arc, flow < capacity
Yi 3
> Al A valid directed flow of 11
[3]
Total= 12
@) Stage | State | Action | Working Maximin
1 0 0 4 4
1 0 3 3
2 0 0 min(6, 4) = 4 4
1 min(2, 3) = 2 Bl Maximin value correct for (2;0)
1 0 min(2, 4) =2 . .
1 min(4, 3) = 3 3 M1 Comple'tlng working column of (2;1)
> 0 min(2, 4) = 2 Al Maximin value correct for (2;1)
1 m!n(3, 3)=3 3 M1 Completing working column for (2;2)
3 0 0 min(5, 4) = 4 4 Al Maximin value correct for (2;2)
1 min(5, 3) = 3
2 min(2, 3) = 2 B1 ft | Transferring maximin values from stage 2
M1 ft | Completing working column for stage 3
Al ft | Maximin value correct for stage 3 [8]
(i) |4 B1 ft | 4, or ft their table if possible
M1 ft | (3;0) — (2;0), or ft their table if possible
(3;0) — (2;0) — (1;0) — (0;0) (or in reverse) MI ft | (2;0) - (1;0), or ft their table if possible
Al For maximin route correct [4]
Total= 12
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) A S M
B P Bl Correct bipartite graph seen
Ignore further working on graph for incomplete
C H matching or alternating path
D S
. ) Bl This, or in reverse, listed (not just deduced from
Alltqemla::“ng path: D-H-C-S-B-M labelling of diagram)
Match A p B1 This matching
atching: -
B - M [3]
c - S
D - H
(i) M1 Precedences correct
A1 A correct network (directions may be implied)
M1 Forwards pass
A1 ft Early event times correct (need not use boxes)
M1 Backwards pass
A1 ft Late event times (need not use boxes)
[6]
(iii) | Completion time: 16 hours B1 16 with units
Critical activities: 4 B F/ Bl Correct list [2]
(iv)
A Accept any variation of cascade chart
H M1 Structure of chart correct, activities may be
IEI collected together or on individual rows
D
G Al ft Non-critical activities correct, none split across
rows (floats not necessary)
E
B F Al ft Critical activities correct
0 2 4 6 8 10 12 14 16tme 31
hours) (mins)
Total= 14
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Advanced GCE Mathematics (3892 — 2, 7890 - 2)
January 2007 Assessment Series

Unit Threshold Marks

Unit Maximum a b c d e u
Mark

4721 Raw 72 63 55 48 41 34 0
UMS 100 80 70 60 50 40 0

4722 Raw 72 57 49 41 33 26 0
UMS 100 80 70 60 50 40 0

4723 Raw 72 55 48 41 34 28 0
UMS 100 80 70 60 50 40 0

4724 Raw 72 57 49 41 33 26 0
UMS 100 80 70 60 50 40 0

4725 Raw 72 58 50 42 34 26 0
UMS 100 80 70 60 50 40 0

4726 Raw 72 54 46 39 32 25 0
UMS 100 80 70 60 50 40 0

4727 Raw 72 55 48 41 34 27 0
UMS 100 80 70 60 50 40 0

4728 Raw 72 61 53 45 38 31 0
UMS 100 80 70 60 50 40 0

4729 Raw 72 61 53 45 37 29 0
UMS 100 80 70 60 50 40 0

4730 Raw 72 54 47 40 33 26 0
UMS 100 80 70 60 50 40 0

4732 Raw 72 59 52 45 38 32 0
UMS 100 80 70 60 50 40 0

4733 Raw 72 61 54 47 40 33 0
UMS 100 80 70 60 50 40 0

4734 Raw 72 56 49 42 35 28 0
UMS 100 80 70 60 50 40 0

4736 Raw 72 53 46 39 32 25 0
UMS 100 80 70 60 50 40 0

4737 Raw 72 61 53 45 38 31 0
UMS 100 80 70 60 50 40 0
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Specification Aggregation Results

Overall threshold marks in UMS (i.e. after conversion of raw marks to uniform marks)

Maximum A B C D E U
Mark
3890/3892 300 240 210 180 150 120
7897892 600 480 420 360 300 240

The cumulative percentage of candidates awarded each grade was as follows:

A B C D E V) Total Number of
Candidates
3890 19.1 36.8 59.5 80.6 94.3 100 299
3892 66.7 77.8 88.9 88.9 100 100 9
7890 40.2 62.5 87.5 95.5 100 100 112
7892 50.0 83.3 83.3 83.3 91.7 100 12

For a description of how UMS marks are calculated see;
http://www.ocr.org.uk/exam_system/understand ums.html

Statistics are correct at the time of publication
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