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6663 Core Mathematics C1

June 2008

Mark Scheme

Question Scheme Marks
number
53
1. 2x+§x +c MI1A1A1
3)
3
M1 for an attempt to integrate x" —> x™!. Canbe given if +c is only correct term.

treated as ISW

NB MI1AOAL1 is not possible

5 5 2
1Al for §x3 or 2x+c. Accept 1% for E . Do not accept Tx or 2x' as final answer

. 5
2" Al for as printed (no extra or omitted terms). Accept 1% or 1.6 for E but not 1.6 or 1.67 etc

. . 5 :
Give marks for the first time correct answers are seen e.g. E that later becomes 1.67, the 1.67 is




“Ends” correct so e.g. (x*—9)=(x= p)(x £ g) where pg =9 is OK.
. 2 _
This mark can be scored for (x - 9) = (x + 3) (x - 3) seen anywhere.

Al for a fully correct expression with all 3 factors.

Watch out for —x(3 —x)(x+3) which scores Al

Treat any working to solve the equation x° —9x as ISW.

Question Scheme Marks
number
2. x(x*=9) or (x+0)(x*=9) or (x—3)(x>+3x) or (x+3)(x*—3x) Bl
x(x—=3)(x+3) MIAl 3)
3
Bl for first factor taken out correctly as indicated in line 1 above. So x(x2 +9)is BO
M1 for attempting to factorise a relevant quadratic.




Question Scheme Marks
number
3 (a)
\ )
10 | ye
\\\ P
~ -
\\k////
(7,3) BIBIB1 (3)
(b)
\
|7 |
\\\. /’/
\ /
\ /
\ /
(3.5,0) BI1BI1 2)
5
Allow “stopping at” (0, 10) or (0, 7) instead of “cutting”
(a) 1" B1 for moving the given curve up. Must be U shaped curve, minimum in first quadrant, not
touching x-axis but cutting positive y-axis. Ignore any values on axes.
2" B1 for curve cutting y-axis at (0, 10) . Point 10(or even (10, 0) marked on positive y-axis is OK)
3" B1 for minimum indicated at (7, 3). Must have both coordinates and in the right order.
. o~ If t.he curve ﬂattens ‘out to a turning
\ 4 point like this penalise once at first
/ offence ie 1 B1 in (a) or in (b) but
‘ ~_ 7 not in both.
this would score BOB1B0
The U shape mark can be awarded if the sides are fairly straight as long as the vertex is rounded.
(b) 1" B1 for U shaped curve, touching positive x-axis and crossing y-axis at (0, 7)[condone (7, 0) if

marked on positive y axis] or 7 marked on y-axis
7
2" B1 for minimum at (3.5,0)or 3.5 or E marked on x-axis. Do not condone (0, 3.5) here.

Redrawing f(x) will score B1B0 in part (b).

Points on sketch override points given in text/table.
If coordinates are given elsewhere (text or table) marks can be awarded if they are
compatible with the sketch.




Question Scheme Marks
number
4. @) | [f'(x)=1]3+3x7 MIAl )
(b)| 3+ 3x?=15 and start to try and simplify M1
C=k—>x=+k (ignore +) M1
x =2 (ignore x =-2) Al 3)
5
(a) M1  for attempting to differentiate x” —> x" . Just one term will do.
A poor integration attempt that gives 3x% +... (or similar) scores MOAO
Al for a fully correct expression. Must be 3 not 3x". Ifthereisa+c they score AQ.
(b) 1" M1 for forming a correct equation and trying to rearrange their f'(x) =15 e.g. collect terms.

eg. 3x2=15-3 or 1+x* =5 oreven 3+3x> > 3x2:1?5 or 3x ' +3x* =155 6x=15

(i.€ algebra can be awful as long as they try to collect terms in their f'(x) =15 equation)

2" M1 this is dependent upon their f'(x) being of the form a + bx* and

attempting to solve a +bx* =15
For correct processing leading to x = ...

Can condone arithmetic slips but processes should be correct so

e.g. 3+3x% =15 - 3x? =%—)x: \/;’_5 scores MIMOAO

343x2 =153x2 =12 > x> =9 > x =3 scores MIMOAO

3+3x% =15 — 3x? :12—>3x:\/§—>x:@ scores MIMOAO




Question Scheme Marks
number
5.@]| [x,=]a-3 Bl (1)
(b) [x;=] ax, -3 or a(a-3)-3 M1
= -3)-3 .
a(a=3) } both lines needed for Al
= a*-3a-3 (¥ Alcso )
(c) a*-3a-3=17
a*-3a-10=0 or a*-3a=10 Ml
(a=5)(a+2)=0 dM1
a=5or -2 Al ?3)
6
(a) B1 for ax1—3 or better. Give for a—3 in part (a) or if it appears in (b) they must state x, =a—3
This must be seen in (a) or before the a(a—3)—3 step.
(b) M1 for clear show that. Usually for a(a —3)—3 but can follow through their x, and even allow ax, —3
Al for correct processing leading to printed answer. Both lines needed and no incorrect working seen.
(o) 1¥ M1 for attempt to form a correct equation and start to collect terms. It must be a quadratic but

need not lead to a 3TQ=0

2" dM1 This mark is dependent upon the first M1.

for attempt to factorize their 3TQ=0 or to solve their 3TQ=0. The “=0"can be implied.

(xx p)(x£q)=0, where pg =10 or (x=* 32+ % —10 =0 or correct use of quadratic formula with +

They must have a form that leads directly to 2 values for a.

Trial and Improvement that leads to only one answer gets MO here.

Al for both correct answers. Allow x =...

Give 3/3 for correct answers with no working or trial and improvement that gives both values for a




Question Scheme Marks
Number
6. (a) BIMI1Al 3)
“\\
25 \\
\\\
3
(b) 2x+5=— Ml
X
2x% +5x-3 [=0] or 2x% +5x=3 Al
(2x—1)(x+3)[=0] M1
x=-3 or Al
3 3 |
y=—or2x(-3)+5 or y=—0r2><(5)+5 Ml
-3 %
Points are (—3, —1) and (%, 6) (correct pairings) Alft
9
(a) B1 for curve of correct shape i.e 2 branches of curve, in correct quadrants, of roughly the correct shape
and no touching or intersections with axes.
Condone up to 2 inward bends but there must be some ends that are roughly asymptotic.
Ml for a straight line cutting the positive y-axis and the negative x-axis. Ignore any values.
Al for (0,5) and (-2.5,0) or points correctly marked on axes. Do not give for values in tables.
Condone mixing up (x, y) as (y, x) if one value is zero and other value correct.
(b) 1**M1 for attempt to form a suitable equation and multiply by x (at least one of 2x or +5) should be

multiplied.

1" A1 for correct 3TQ - condone missing = 0

2" M1 for an attempt to solve a relevant 3TQ leading to 2 values forx =...

2™ A1 for both x=-3 and 0.5.

T&I for x values may score 1* M1A1 otherwise no marks unless both values correct.
Answer only of x =-3 and x = 1 scores 4/4, then apply the scheme for the final M1A1ft

2

I L 3
3 M1 for an attempt to find at least one y value by substituting their x in either — or 2x + 5

X

3" Alft follow through both their x values, in either equation but the same for each, correct

pairings required but can be x =-3, y =-1 etc

10




Question Scheme Marks
number
7.()| 5,7,9,11 or 5+2+2+2=11 or 5+6=11 usea=5,d=2,n=4and t, =5+3x2=11 Bl (D
(b) t,=a+(n—-1)d withoneofa=>5 ord=2 correct (can have a letter for the other) M1
=54+2n—1) or 2n+3 or 1+2(n+1) Al )
(c) S, = %[2 x5+2(n— l)] or use of g(S +"their 2n+3 ") (may also be scored in (b)) [MI1AI
={n(5+n-1)}=nn+4) ) Alcso (3)
(d) 43 =2n+3 Ml
[n] =20 Al (2
(e) Sho =20x24, =480 (km) MI1A1 (2)
10
(a) B1 Any other sum must have a convincing argument
(b) M1 for an attempt to use a + (n - 1)d with one of a or d correct (the other can be a letter)
Allow any answer of the form 2n + p (p # 5) to score M1.
Al for a correct expression (needn’t be simplified) [ Beware 5+ (21 —1) scores A0]
Expression must be in 7 not x.
Correct answers with no working scores 2/2.
(©) M1 for an attempt to use .S, formula with a =5 ord =2 or a =5 and their “2n + 3”
1" A1 for a fully correct expression
2" Al for correctly simplifying to given answer. No incorrect working seen. Must see S, used.
Do not give credit for part (b) if the equivalent work is given in part (d)
(d) Ml for forming a suitable equation in # (ft their (b)) and attempting to solve leading to n =...
Al for 20
Correct answer only scores 2/2 . Allow 20 following a restart but check working.
eg 43 =2n + 5 that leads to 40 = 2r and n =20 should score M1AO.
(e) Ml for using their answer for n in n(n + 4) or S, formula, their » must be a value.
Al for 480 (ignore units but accept 480 000 m etc)[ no matter where their 20 comes from]

NB “attempting to solve” eg part (d) means we will allow sign slips and slips in arithmetic
but not in processes. So dividing when they should subtract etc would lead to MO.
Listing in parts (d) and (e) can score 2 (if correct) or 0 otherwise in each part.

Poor labelling may occur (especially in (b) and (¢) ) . If you see work to get n(n + 4) mark as (c)

11




Question Scheme Marks
number

8.(a) [[No real roots implies b* —4ac <0 1 b*—4dac= q2 —4x 2q><(—1) M1
So ¢* —4x2gx(-1)<0 ie. q* +8¢ <0 (*) Alcso
()
®  lag+8)=0 or  (g4) +16=0 M1
(9) =0or -8 2cvs) |Al
—8<g<0 or ge (-8,0) or g<O0andg>-8 A1ft 3)

(a) M1 for attempting b* —4ac with one of b or a correct. < 0 not needed for M1

This may be inside a square root.

Alcso for simplifying to printed result with no incorrect working or statements seen.
Need an intermediate step

e.g.q” ——8g<0org’—4x2gx—1<0or ¢ —4(2¢)(-1)<0 or ¢g*—8g(-1)<0 or ¢g*> —8gx—1<0
i.e. must have x or brackets on the 4ac term

< 0 must be seen at least one line before the final answer.

(b) M1 for factorizing or completing the square or attempting to solve g 2 4 8q =0. A method that
would lead to 2 values for g. The “=0” may be implied by values appearing later.

1Al forg=0andg= -8

2" A1 for -8 < g < 0. Can follow through their cvs but must choose “inside” region.
g<0,9g> -8 is A0, g<0org> —8 is A0, (-8, 0) on its own is A0
BUT “g<0andg> —8”is Al

Do not accept a number line for final mark

12




Question Scheme Marks
number
d
9. (a) [l=}3kx2—2x+l MIAI @)
dx
. .1
(b) Gradient of line is 5 Bl
en =7 4 B s — 2 5
3k 3
—=—=k=2 Al 4
4
—_1 — 1 1)_1 —
() x——5:>y—kx(—g)—(z)—E—S,——6 ML, AL (2)
8
(a) M1 for attempting to differentiate x" — x" (or -5 going to 0 will do)
Al all correct. A “+ ¢” scores A0
7 . o 7 . .
(b) B1 for m :E . Rearranging the line into y = Ex + ¢ does not score this mark until you are sure
. : : 7
they are using E as the gradient of the line or state m = 5
« o 1 . dy .
1" MI for substituting x =—- 1nto their a, some correct substitution seen
2" M1 for forming a suitable equation in k and attempting to solve leading to k =...
d
Equation must use their 4 and their gradient of line. Assuming the gradient is 0 or 7 scores
MO unless they have clearly stated that this is the gradient of the line.
Al fork=2
(©) M1 for attempting to substitute their £ (however it was found or can still be a letter) and

xX= —% into y (some correct substitution)

Al for-6

13




Question Scheme Marks
number
10. (a) QRz\/(7—1)2+(0—3)2 Ml
=+/36+9 or <45 (condone +) Al
=35 or a=3 (£34/5 etc is AO) Al 3)
3-0 3 1
(b) Gradient of OR (or/,) = or —,=—— M1, Al
Y1 60 2
1
Gradient of [, is—— or 2 Ml
T2
Equation for /, is: y—3=2(x—1) or i—j=2 [ory=2x+1] M1 Alft (5)
(©) Pis(0,1) (allow “x =0, y = 1” but it must be clearly identifiable as P) B1 (1)
2 2 .
d PO = \/ 1—x +(3- Determinant Method M1
@ 0=y(1-xp) +(3-) e.2(0+0+7) - (1+21+0)
PO=NI’+2* =5 =15 (o) Al
15 0
Area of triangle is %QRXPQ:%?)\/gx\/’,:? or 7.5 Area = %|—15| =15 dM1, A1 (4)
13
Rules for quoting formula: For an M mark, if a correct formula is quoted and some correct substitutions seen
then M1 can be awarded, if no values are correct then MO. If no correct formula is seen then M1 can only be
scored for a fully correct expression.
(a) Ml for attempting OR or QRz. May be implied by 6> +3°
1" A1 for as printed or better. Must have square root. Condone +
(b) 1" M1 for attempting gradient of OR oyt 1
st 1 . . . _ y=4x
1" Al for-0.5 or —, can be implied by gradient of /, =2 with no
2" M1 for an attempt to use the perpendicular rule on their gradient of OR. working.
;;‘: IXI%f for atj[emp‘{ilnSg 1\e/[qu§ti0n offa 1}i1n§ usinég 0 wifth t]}gleir changed gradient. Send to
t requires a s but can ft their gradient of OR. review.
(d) 1" M1 for attempting PQ or PQ2 follow through their coordinates of P
1¥ Al for PQ as one of the given forms.
2" dM1 for correct attempt at area of the triangle. Follow through their value of ¢ and their PQ.
This M mark is dependent upon the first M mark
2" A1 for 7.5 or some exact equivalent. Depends on both Ms. Some working must be seen.
ALT | Use OS where Sis (1, 0) "I ?etermi“a“t 1}46“'0‘1
1" M1 for attempting area of OPQS and OSR and OPR. Need all 3. or attempt -at least one
« 9 - 5 value in each bracket correct .
1Al for OPOS= 1(1+3)x1=2,0SR=9,0PR= 1 Al if correct (+ 15)
2" dM1 for OPOS + OSR — OPR = ...Follow through their values. M1 for correct area formula
2nd Al for 75 Al fOr 7.5
MR | Misreading x-axis for y-axis for P. Do NOT use MR rule as this oversimplifies the question.

They can only get M marks in (d) if they use PQ and OR.

14




Question Scheme Marks
number
2, AV _ 4,22 2.2, 12
11. (a) (x +3) —x* 1 3x? 4 3x% 43 Mi
2
2
x“+3 4 2
+6x°+9 -
( . ) =TT o649 () Alcso @)
X b
X 9
(b) y=?+6x+—x*1(+c) MIA1AL
27 9
20=—+6x3——+c Ml
3 3
c= -4 Al
3
[y =]?+6x—9x*1—4 Alft (6)
8
2
(a) M1 for attempting to expand (x2 + 3) and having at least 3(out of the 4) correct terms.
Al at least this should be seen and no incorrect working seen.
9 _
If they never write — as 9x 2 they score AQ.
X
(b) 1" M1 for some correct integration, one correct x term as printed or better

u
Trying I— loses the first M mark but could pick up the second.
[v
1" A1 for two correct x terms, un-simplified, as printed or better
2" A1 for a fully correct expression. Terms need not be simplified and +c is not required.

No + ¢ loses the next 3 marks

d
2" M1 for using x = 3 and y = 20 in their expression for f(x) {7& ay} to form a linear equation for ¢

3 Al forc= —4

9 -
4™ A1ft for an expression for y with simplified x terms: — for 9x lisoK .
X

Condone missing “y = *
Follow through their numerical value of ¢ only.

15
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June 2008
6664 Core Mathematics C2
Mark Scheme

Question| Scheme Marks
number
I | () Attempt to find f(-4) or f(d).  (F(—4) = 2(—4)* —3(~4)* —39(~4) +20) MI
(=-128-48+156+20) =0, so (x + 4) is a factor. Al 2)
(b) 2x° —=3x% —39x+20 = (x + 4)(2x* —11x +5) M1 Al

..... 2x—-DI)(x-5) (The 3 brackets need not be written together)

M1 Alcso(4)

(a) Long division scores no marks in part (a). The factor theorem is required.
However, the first two marks in (b) can be earned from division seen in (a)...
... but if a different long division result is seen in (b), the work seen in (b)
takes precedence for marks in (b).

Al requires zero and a simple conclusion (even just a tick, or Q.E.D.),
or may be scored by a preamble, e.g. 'If f(—4) = 0, (x + 4) is a factor.....'

(b) First M requires use of (x + 4) to obtain (2x° +ax+b), a#0,b# 0, even

with a remainder. Working need not be seen... this could be done 'by inspection'.
Second M for the attempt to factorise their three-term quadratic.

Usual rule: (kx” +ax+b) = (px +c)(qx +d), where |cd| =t and |pq| =|k] .
If 'solutions' appear before or after factorisation, ignore...

... but factors must be seen to score the second M mark.

Alternative (first 2 marks):

(x+4)(2x* + ax +b) = 2x° + (8 + a)x* + (4a + b)x + 4b = 0, then compare

coefficients to find values of a and b. [M1]
a=-11, b=5 [A1]

Alternative:

1
Factor theorem: Finding that f (Ej =0 ..factoris, (2x—1) [M1, Al]

Finding that f(S) =0 .. factor is, (x-=5) [M1, A1]
“Combining” all 3 factors is not required. If just one of these is found, score the first 2 mai

ks M1 A1 MO

ign wrong:

1
A0. Losing a factor of 2: (x + 4)(}6 — Ej(x —5) scores M1 A1 M1 A0 Answer only, one §

e.g. (x +4)2x—1)(x+5) scores M1 Al M1 A0




Question Scheme Marks
number
2. (a) 1.732, 2.058, 5.196 awrt (One or two correct B1 B0, All correct Bl B1) B1BI1(2)
1
b) —x 0.5 ...... B1
(b) 2
...... {(1.732 +5.196) + 2(2.058 + 2.646 + 3.630)} M1 Alft
=5.899 (awrt 5.9, allowed even after minor slips in values) Al &)

(a) Accept awrt (but less accuracy loses these marks).
Also accept exact answers, €.g. \/5 atx=0, +/27 or 3\/5 atx =2.

(b) For the M mark, the first bracket must contain the 'first and last' values, and
the second bracket must have no additional values. If the only mistake is to
omit one of the values from the second bracket, this can be considered as a
slip and the M mark can be allowed.

Bracketing mistake: i.e. %x 0.5(1.732+5.196) + 2(2.058 + 2.646 + 3.630)

scores B1 M1 A0 A0 unless the final answer implies that the calculation has
been done correctly (then full marks can be given).

x values: MO if the values used in the brackets are x values instead of y values.

Alternative:
Separate trapezia may be used, and this can be marked equivalently.

[ i(l 732+42.058) + %(2.058 +2.646) + %(2.646 +3.630) + i(3.630 + 5.196)}

18




Marks

Question Scheme
number
3. a) (1+ax)'* =1+10ax...... (Not unsimplified versions) Bl
+ 10x9 (ax)* + 10x9x8 (ax)’ Evidence from one of these terms is sufficient Ml
+45(ax)’, +120(ax)’ or +45a°x*, +120a’x’ Al, Al (4)
Ml Al )

b) 120a” = 2 x 45a* a= % or equiv.(e.g.%,o.ﬁ} Ignore a = 0, if seen

a) The terms can be ‘listed’ rather than added.

M1: Requires correct structure: ‘binomial coefficient’ (perhaps from Pascal’s

triangle) and the correct power of x.
(The M mark can also be given for an expansion in descending powers of x).
Allow ‘slips’ such as:
10x9 10><9( )3 10x9 , 9x8x7 5 4
, a’x

ax , ,

ax
2 3x2 2 3x2
However, 45+ a’x* +120+ a’x” or similar is MO.

10 10 . 0 0
and 3 or equivalent such as = C, and "~ C,are acceptable, and

2

1 1
even (?OJ and (?Oj are acceptable for the method mark.

1** Al: Correct x° term. 2™ Al: Correct x° term (These must be simplified).
If simplification is not seen in (a), but correct simplified terms are seen in (b),
these marks can be awarded. However, if wrong simplification is seen in (a),
this takes precedence.

Special case:

If (ax)* and (ax)’ are seen within the working, but then lost. ..
... A1 A0 can be given if 45ax* and 120ax" are both achieved.

b) M: Equating their coefficent of x” to twice their coefficient of x7...
... or equating their coefficent of x” to twice their coefficient of x°.
(... or coefficients can be correct coefficients rather than their coefficients).

Allow this mark even if the equation is trivial, e.g. 120a = 90a.
An equation in a alone is required for this M mark, although...

...condone, e.g. 120a°x =90a’x> = (120a° =90a*> =) a= %.

3
Beware: a = Z following 120a = 90a, which is A0.

19




Question Scheme Marks
number
log7 .
4, (a) x = o005 or x=log,7 (i.. correct method up to x =...) M1
0g
1.21Must be this answer (3 s.f.) Al (2
(b) (5x —7X5x —5) Or another variable, e.g. (y—7)(y—5), even (x—7)(x—5) M1 Al
( =7 or 5" = 5) x=1.2 (awrt) ft from the answer to (a), if used Alft
x=1 (allow 1.0 or 1.00 or 1.000) B1 4)
6

(a) 1.21 with no working: M1 A1l (even if it left as 51‘21).

Other answers which round to 1.2 with no working: M1 AO.

(b) M: Using the correct quadratic equation, attempt to factorise (5x * 7X5x t 5) ,
or attempt quadratic formula.

log7
Allow log. 7 or instead of 1.2 for Alft.

log5
No marks for simply substituting a decimal answer from (a) into the given
equation (perhaps showing that it gives approximately zero).

However, note the following special case:

Showing that 5* = 7 satisfies the given equation, therefore 1.21 is a solution
scores 0, 0, 1, 0 (and could score full marks if the x = 1 were also found).

e.g If 5° =7, then5* =49, and 5 —12(5")+35=49-84+35=0,
so one solution is x = 1.21 (‘conclusion’ must be seen).

To score this special case mark, values substituted into the equation must be
exact. Also, the mark would not be scored in the following case:

eg If5°=7,5"-84+35=0 = 57 =49 = x=1.21
(Showing no appreciation that 5% = (5%)?)

B1: Do not award this mark if x = 1 clearly follows from wrong working.

20




Question
number

Scheme

Marks

5.

@ 8-3+B-1) or (8=3)°+(3-1)°
(x£3)’ +(yxD)’> =k or (xx1)>+(y£3)° =k (k a positive value)
(x=3) +(y—1)* =29 Mot (V29 or 539%)

2
(b) Gradient of radius = — (or exact equiv.) Must be seen or used in (b)
5
-5
Gradient of tangent =7 (Using perpendicular gradient method)

-5
y-3= EY (x—28) (ft gradient of radius, dependent upon both M marks)

Sx+2y—-46=0 (Or equiv., equated to zero, e.g. 92—-4y —10x=0)
(Must have integer coefficients)

M1 Al
Ml

Al

B1

Ml

M1 Alft

Al

4)

)

(a) For the M mark, condone one slip inside a bracket, ¢.g. (8 — 3)2 +(3+ 1)2,
8-1)°+(1-3)
The first two marks may be gained implicitly from the circle equation.
(b) 2™ M: Eqn. of line through (8, 3), in any form, with any grad.(except 0 or o).
If the 8 and 3 are the ‘wrong way round’, this M mark is only given if a
correct general formula, e.g. y —y, = m(x —x,), is quoted.

Alternative: 2" M: Using (8, 3) and an m value in y = mx + ¢ to find a value of c.
Alft: as in main scheme.
(Correct substitution of 8 and 3, then a wrong ¢ value will still score the A1ft)

(b) Alternatives for the first 2 marks: (but in these 2 cases the 1* A mark is not ft)
(1) Finding gradient of tangent by implicit differentiation

d
2(x-3)+2(y - l)ay =0 (or equivalent)
Subs. x =8 and y = 3 into a 'derived' expression to find a value for dy/dx

(ii) Finding gradient of tangent by differentiation of y =1++/20 + 6x — x°

dy 1 L

Ey = 5(20 +6x— xz) 2(6—-2x) (orequivalent)

Subs. x = 8 into a 'derived' expression to find a value for dy/dx
Another alternative:

Using xx; + yy, + g(x+x)+ f(y+y,)+c=0

x2+y? —6x-2y-19=0 Bl
8x+3y, —-3(x+8)—-(¥y+3)—-19=0 MIl, M1 Alft (ft from circle eqn.)
5x+2y—-46=0 Al

B1

Ml

B1

Ml
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Question Scheme Marks
number
A\ 419
6. (@) T,y =5x (Ej =0.072  (Accept awrt) Allow 5 xg forM1 M1 Al ()
(b) S _ 5 s M1 Al )
*1-08
k
(c) % > 24.95 (Allow with = or <) M1
1-0.8" > 0.998 (or equiv., see below) (Allow with = or <) Al
klog0.8 <10g0.002 or k> log,,0.002 (Allow with = or <) M1
> 1080002 ) | Aleso @)
log0.8
(d) £ =28 (Must be this integer value) Notk>27,0or k<28,0ork>28 Bl )
9

(a) and (b): Correct answer without working scores both marks.

(a) M: Requires use of the correct formula ar".

(b) M: Requires use of the correct formula 1
—r

(c) 1 M: The sum may have already been 'manipulated' (perhaps wrongly), but
this mark can still be allowed.

1* A: A 'numerically correct' version that has dealt with (1—0.8) denominator,

k
e.g. 1—@) >0.998, 5(1-0.8")>4.99, 251-0.8")>24.95,

4
5-5(0.8")>4.99. Inany of these, 3 instead of 0.8 is fine,

k
and condone g if correctly treated later.

2" M: Introducing logs and using laws of logs correctly (this must include
dealing with the power & so that p* = klog p).

2" A: An incorrect statement (including equalities) at any stage in the working
loses this mark (this is often identifiable at the stage k1og0.8 >10g0.002).

(So a fully correct method with inequalities is required.)
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Question Scheme Marks
number
7. (a) rd=7x0.8=5.6 (cm) M1 Al ()
1 1
(b) Er2025x72 x0.8=19.6 (cm?) M1 Al )
(c) BD? =77 + (their AD)* — (2 x 7 x (their AD)x cos 0.8) Ml
BD? =7% +3.57 —(2x 7x3.5x c0s0.8) (or awrt 46° for the angle) Al
(BD= 5.21)
Perimeter = (their DC) + “5.6” + “5.21” =14.3 (cm) (Accept awrt) | M1 Al 4)
1 . .
(d) AABD = E x 7 x (their AD)xsin0.8  (or awrt 46° for the angle) (ft their 4D) M1 Alft
(=8.78...)
1 .
(If the correct formula E absin C is quoted the use of any two of the sides of
A ABD as a and b scores the M mark).
Area=“19.6"—-“8.78...” =10.8 (sz) (Accept awrt) | M1 Al 4)
12

Units (cm or sz) are not required in any of the answers.
(a) and (b): Correct answers without working score both marks.

(a) M: Use of @ (with @ in radians), or equivalent (could be working in degrees
with a correct degrees formula).

1
(b) M: Use of EFZH (with @ in radians), or equivalent (could be working in
degrees with a correct degrees formula).

(¢) 1¥ M: Use of the (correct) cosine rule formula to find BD* or BD.
Any other methods need to be complete methods to find BD* or BD.
2" M: Adding their DC to their arc BC and their BD.

Beware: If 0.8 is used, but calculator is in degree mode, this can still earn
M1 Al (for the required expression), but this gives BD = 3.50...
so the perimeter may appear as 3.5 + 5.6 + 3.5 (earning M1 A0).

(d) 1% M: Use of the (correct) area formula to find A ABD .
Any other methods need to be complete methods to find A ABD .

2" M: Subtracting their A ABD from their sector ABC.

1 . .
Using segment formula 5 7> (0 —sin @) scores no marks in part (d).
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Question Scheme Marks
number
d
8. (a) (ay :j8 +2x-3x" (M: x" — x"" for one of the terms, not just 10 — 0 ) MI Al
3x? —2x—-8=0 (Bx+4)(x—2)=0 x=2 (Ignore other solution)  (*) Alcso  (3)
1
(b) Area of triangle = E x2x22 (M: Correct method to find area of triangle) M1 Al
(Area = 22 with no working is acceptable)
8 2 3 4
.[10+8x+x2 -x dx = 10x+%+%—% (M: x" — x"*' for one of the terms) | M1 Al Al
Only one term correct: M1 A0 A0 Integrating the gradient function
2 or 3 terms correct: M1 Al A0 loses this M mark.
2
8x> x x' o .
10x + +——] =...... (Substitute limit 2 into a 'changed function') Ml
2 34
8
(: 20+16 + E — 4] (This M can be awarded even if the other limit is wrong)
2 38 2 .
Area ofR=34§—22=?(:12§] (Or 12.6) M1 Al (8)
M: Dependent on use of calculus in (b) and correct overall 'strategy":
subtract either way round.
A: Must be exact, not 12.67 or similar.
A negative area at the end, even if subsequently made positive, loses the A mark.
11
d
(a) The final mark may also be scored by verifying that ay =0 atx=2.
(b) Alternative:
Eqn. of|{line y = 11x. (Marks dependent on subsequent use in integration) M1 Al
(M1: Correct method to find equation of line. Al: Simplified form y = 11x)
kxz 3 4
le—i—kx—i—xz—dex:le—i—TﬁL%—% (k perhaps —3) M1 Al Al
2 3 4 2
10x+—+———| =...... (Substitute limit 2 into a 'changed function') Ml
3 4 0
2
3x* ¥ x* 8 38 2
Areaof R=|10x— 2+ 2 — X | —20-6+2-4="2 =122 MI Al 8)
2 3 4 0 3 3 3

Final M1 for j (curve)— J- (line) or I (line) - j (curve).
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Question Scheme Marks
number
9. (a) 45 () (This mark can be implied by an answer 65) Bl
180 —«, Add 20 (for at least one angle) M1, M1
65 155 Al (4)
(b) 120 or 240 (p): (This mark can be implied by an answer 40 or 80) Bl
(Could be achieved by working with 60, using 180 — 60 and/or180 + 60 )
360- 4, 360 + S (or 120 + an angle that has been divided by 3) M1, M1
Dividing by 3 (for at least one angle) Ml
40 80 160 200 280 320 First A1l: at least 3 correct Al A1(6)

10

(a) Extra solution(s) in range: Loses the A mark.
Extra solutions outside range: Ignore (whether correct or not).
Common solutions:
65 (only correct solution) will score B1 M0 M1 A0 (2 marks)
65 and 115 will score B1 M0 M1 A0 (2 marks)

44.99 (or similar) for & is BO, and 64.99, 155.01 (or similar) is A0.

(b) Extra solution(s) in range: Loses the final A mark.
Extra solutions outside range: Ignore (whether correct or not).
Common solutions:
40 (only correct solution) will score B1 MO MO M1 A0 A0 (2 marks)
40 and 80 (only correct solutions) B1 M1 M0 M1 A0 A0 (3 marks)
40 and 320 (only correct solutions) B1 M0 M0 M1 A0 A0 (2 marks)

Answers without working:
Full marks can be given (in both parts), B and M marks by implication.

Answers given in radians:
Deduct a maximum of 2 marks (misread) from B and A marks. (Deduct these
at first and second occurrence.)

Answers that begin with statements such as sin(x —20) = sinx —sin 20 or

1
cosx = —g , then go on to find a value of ‘e’ or ‘£, however badly, can

continue to earn the first M mark in either part, but will score no further marks.

1
Possible misread: cos3x = 5 , giving 20, 100, 140, 220, 260, 340

Could score up to 4 marks BO M1 M1 M1 A0O A1l for the above answers.
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June 2008
6665 Core Mathematics C3
Mark Scheme

edexcel

%ﬁiﬁgﬁ Scheme Marks
1. (a) e2x+l =2
2x+1=1In2 Ml
1
x=5(1n2—1) Al )
dy 2x+1
b — =8¢
(b) o Bl
1 dy
x=—(In2-1) => —==16
2( ) " Bl
y—8=16(x—%(ln2—1)j Ml
y=16x+16—-8In2 Al 4)
[6]
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Question

Number Scheme Marks
2. (a) R*=5%+12° M1
R=13 Al
12
tana = — M1
a~=1.176 cao Al (€))
6
(b)  cos(x—a)=— Ml
13
6
x—a=arccosE=l.O91 Al
x=1.091 ... +1.176 ...~ 2.267 ... awrt 2.3 Al
x—a=-1.091 ... accept ... =5.19 ... for M M1
x=-1.091 ... +1.176 ...~ 0.0849 ... awrt 0.084 or 0.085 Al ®)
(c)(i) R, =13 ft their R BI ft
(i) At the maximum, cos(x—a) =lorx—a=0 M1
x=a=1.176 ... awrt 1.2, ft their Alft 3)
[12]

28




Question

Number Scheme Marks
Y A
3. (a)

AVAVS shape B1

Vertices correctly placed B1 2)
0 >
(b) Y A
/\ shape Bl
Vertex and intersections

0 = with axes correctly placed | Bl 2)

0:(0,1 Bl
R:(1,0 Bl 3)

1
(d) x>-1; 2—x—1:§x M1 Al
) 2
Leading to x = E Al
1

x<-1; 2+x+1=5x M1
Leading to x =—6 Al (5)
[12]
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Number Scheme Mok
4. (a) x2—2x—3:(x—3)(x+1) B1
f(x)zz(x_l)_(x+1) or 20x-l) vl M1 Al
(x—3)(x+l) (x—3)(x+1) (x—3)(x+l)
= x—3 = ! E 3 €SO
(x3)(x+1) x+1 Al )
1 1 1
(b) (0, —j Accept 0< y<—, 0<f(x)<— etc. B1 BI 2)
4 4 4
(¢) Lety:f(x) :L
x+1
1
x=—
y+1
»wH+x=1
1—x 1
y=— or ——1 MI1 Al
X X
1—x
f(x)=—=
(1=
Domain of £ is (O, %j ft their part (b) Bl ft 3)
(d) fg(x)= 1
2x* -3+1
1 1
2x° -2 8
X’ = Al
x=%+5 both Al 3)
[12]
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Question

Number Scheme Marks
5. (a) sin’ @ +cos” 0 =1
=2 2
sin o s%n2 0 C?Sz o __ 12 M1
sin“@ sin“@ sin”“ @
1+cot® @ =cosec’ 6 * Ccso Al 2
Alternative for (a)
1+C0t28_1+c0520_sin29+00529_ 1 Mi
sin” @ sin’ @ sin’ @
=cosec’ @ k €S0 Al
(b) 2(cosec2 9—1)—9005609 =3 M1
2cosec’ @—9cosecd—5=0 or  5sin’@+9sin@-2=0 M1
(2cosec@+1)(cosecd—5)=0 or  (5sin@—1)(sin@+2)=0 M1
cosecd =5 or sin@z% Al
0=11.5°168.5° Al Al 6)

8]
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Scheme Marks
(a)(i)%(e“ (sinx+2cosx))=3e3" (sinx+2cosx)+e™ (cosx—2sinx) M1 Al Al (3)
(=e3"(sinx+7cosx))
3
(ii) %(f In(5x+2))=3x ln(5x+2)+5)5€):_2 MI Al Al (3)
+1)’ (6x+6)—2(x+1)(3x> +6x—7
o (e 25 o) Al
dx (x+1) Al
(x+1)(6x" +12x+6—6x> —12x+14)
= ; Ml
(x+1)
20
= b 3
(x+1) %0 Al (5)
d’y 60 15
(c) PR (x+1)4— 2 Ml
(x+1)' =16 Ml
x=1,-3 both Al 3)
[14]
Note: The simplification in part (b) can be carried out as follows
(x+1) (6x+6)—2(x+1)(3x* +6x—7)
(erl)4
(6" +18x +18x+6)—(6x° +18x” —2x~14)
- (erl)4
_20x+20 20(x+1) 20 Ml AT
(x-i—l)4 ()c+1)4 (x—i—l)3
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Question

Number Scheme Marks
7. (a) f(1.4)=-0.568 ... <0
f(1.45)=0.245 ...>0 Ml
Change of sign (and continuity) = « € (1 A4, 1.45) Al )
(b) 3x’ =2x+6
X = 2 +2
3
, 2 2
X =—4+— M1 Al
3 x
xX= \/[ngE] *X Ccso Al 3)
x 3
(c) x, =1.4371 Bl
x, =1.4347 Bl
x, =1.4355 Bl 3)
(d) Choosing the interval (l 4345,1.4355 ) or appropriate tighter interval. M1
f(1.4345) =-0.01 ...
f(l.4355)=0.003 M1
Change of sign (and continuity) = «a € (1 4345, 1.4355)
= a =1.435, correct to 3 decimal places % cso Al 3)
[11]

Note: o =1.435304 553 ...
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June 2008
6666 Core Mathematics C4
Mark Scheme

Questio
Nunmbe Scheme Marks
r
X 0 0.4 0.8 1.2 1.6 2
1‘ (a) y e0 e0.08 e032 e0.72 el.28 eZ
ory | 1.08329... | 1.37713... | 2.05443... 3.59664... 7.38906...

Either e™*?and ¢'** or
awrt 1.38 and 3.60

B1
(or a mixture of e’s and
decimals)
1]
Outside brackets ‘
1x04 or 02 | BL

(b) ~ 1 . 0 0.08 0.32 0.72 1.28 2
Way 1 Area NEXO‘A' ’X[ © +2(e te e He )+e ] For structure of trapezium

ru_le[ ............. ]; _1\/_

=0.2x24.61203164... = 4.922406... =4.922 (4sf) 4922 | Al cao

Aliter N T S T 0.4 and a divisor of 2 on all
(b) Area = O'4X|: T2 tTz T2 T J terms inside brackets. | &
Way 2
which is equivalent to: . One of first anq last
ordinates, two of the middle Ml
1 ordinates inside brackets | =——
Area X 0.4 ;x[ e’ + 2(6:0‘08 +e" e + e1'28)+ e’ ] ignoring the 2.
=0.2x24.61203164... = 4.922406... =4.922 (4sf) 4922 | Al cao
131
4 marks

1
Note an expression like Area zEX 0.4 +¢’ + Z(E:O'O8 +e"? 4 e e ) +¢” would score BIMIAO

Allow one term missing (slip!) in the ( ) brackets for M1.

The M1 mark for structure is for the material found in the curly brackets ie
[ first y ordinate + 2 (intermediate ft y ordinate)+ final y ordinate :l




Question

Number Scheme Marks
u=x = L£=1
2. (a) o .
o = C = V=€
Use of ‘integration by parts’ formula M1
_fxex dx = xe' —I e".1dx in the correct direction. (See note.)
Correct expression. (Ignore dx) | Al
=xe' — j e' dx
=xe" —¢" (+¢) Correct integration with/without + ¢ | Al
3]
(b)

=x’e" —2xe* +2e" +¢

=ex(x2—2x +2)+c

Use of ‘integration by parts’ formula
in the correct direction.
Correct expression. (Ignore dx)

Correct expression including + c.
(seen at any stage! in part (b))
You can ignore subsequent working.

Ignore subsequent working

Ml
Al

Al ISW

[3]

6 marks

Note integration by parts in the correct direction means that » and % must be

assigned/used as ¥ = x and % =¢” in part (a) for example.

+ ¢ is not required in part (a).
+ ¢ is required in part (b).




Question

Number Scheme Marks
d4
3@ | Erom question, % =0.032 dr 0.032 seen Bl
t or implied from working.
dear = Y 15 . 2.7zx by itself s§en B1
or implied from working
dx d4 d4 1 0.016 d4
—=— +— = (0.032)—; <= 0.032 + Candidate's —; | M1;
dt  dr dx ( )27rx { X } andidates dx
When x=2cm, dx =w
d 2
Hence, % =0.002546479... (cms™) awrt 0.00255 | Al cso
[4]
(b) V=nx’(5x)=57x V =nx*(5x) or Szx’ | Bl
dy % =157x
—=157x
dx or ft from candidate’s V BIV
in one variable
dv dr dx ,[0.016 dV  dx
—=—x— = 157x". ;1= 0.24x Candidate’s — x —;
d A dt (ﬁx]{ } andidate’s x| MLV
When x=2cm, i—lt/ =0.24(2)=0.48 (cm’s™) 0.48 or awrt 0.48 | Al cso
[4]
8 marks
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Question

Number Scheme Marks
4. (a) 3’ =y’ +xy =4 (eqn *)
Differentiates implicitly to include either
iky% or x%. (Ignore (% =)) Mi
& b 6x—2y d +|y+ xd_y =0 Correct application )_of product rule | g
A dx de | 2/
2 2 dy
(3x°-)*) > 6x=2y- - and (4—0) | AL
d —6x — d 6x +
{ay = xf—2;} or {ay = Z;C/——i} not necessarily required.
dy 8 —6x—y 8 ... dy 8. . .
3 x—2y 3 Substituting — = — into their equation. | M1 *
giving —18x -3y =8x —16y
. B Attempt to combine either terms in x or
giving 13y = 26x terms in y together to give either ax or by. M1 *
Hence, y=2x = y—-2x=0 simplifying to give y —2x=0 AG | Al cso
[6]
(b) At P & O, y=2x. Substituting into eqn *
: Attempt replaci by 2
gives 3x? — (2x)® + x(2x) = 4 , CMPLICPIacing v BY =¥ | vy
in at least one of the y terms in eqn *
Simplifying gives, x’=4 = x=%2 Either x=2o0r x=-2 | Al
y=2x = y=+4
Hence coordinates are (2,4) and (-2,—4) Both (2,4) and (-2,-4) | Al
3]
9 marks
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Question

Scheme Marks
Number
** represents a constant (which must be consistent for ﬁrst accuracy mark)
> (@) . (4-3x)" = (4)" (1 —ﬁj ! (1 _3_x) ‘ (4) or + outside brackets | B1
J(4-3x) — 4 2 4 -_— =
Expands (1+** x)_% to give a
simplified or an un-simplified | M1;
L+ (= D" )
—1y(=3 o
:%{ 1+(—%)(**x);+( 2;(' 2)(**x)2 4 } A correct simplified or an 1.11‘1—
! simplified [ .......... | expansion
) with candidate’s followed ALY
with ** =1 through (* * x)
1 (- )( ) Award SC Ml if you see
=—| 1+(=1)(-3 2 3x
2[ PP+ () heens CI Dy
[ 1+ 3x; :'
Al isw
%[1+ x5+ X+ ] SC:K[1+ Ix+ ZExt+.. ]
i ZX ] AL isw
1 3 27 N ] b ¢ worki
=t Xt — nore subsequent workin
216 256 & 1 g
(5]
27 Writing (x +8) multiplied b
(b) (x+8) X+ —x+ . g,( ) PIECOY v
16 256 candidate’s part (a) expansion.
_ lx+2 [ Multiply out brackets to find a E
X U constant term, two x terms and ' Ml
+4+5x+ + o two x> terms. | | !
_ 442t ﬁxz . Anything that canc3e;s to Zl. 11
32 442x; =x’ ’
32
[4]
9 marks
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Question

Number Scheme Marks
6. (a) Lines meet where:
-9 2 3 3
O [+A] 1 | =11/ [+pu -1
10 -1 17 5
i: —9+21=3+3u )
Any two of j: A=1-u (2 .Need any two ofthgse correct M1
equations seen anywhere in part (a).
k: 10-4 =17+5u (3)
Attempts to solve simultaneous
1) -2@2)gives: -9=1+5u = u=-2 equations to find one of | dM 1
either 4 or
2)gives: A=1--2=3 Both A=3& u=-2 | Al
Substitutes their value of either A
-9 2 3 3 or u into the line /; or /
r=| 0 |+3 1 or r=| 1 |-2|-1 respectively. This mark can be | ddM|1
10 -1 17 5 implied by any two correct
components of (-3, 3, 7).
-3
-3 c o as
3| or 3i+3j+7k
Intersectat r=| 3 | or r=-3i+3j+7k . — | Al
7 P
— or (-3,3,7)
Either check that A =3, 4 =-2 in
Either check k: a third equation or check that 4 = 3,
A= 3: LHS=10-4 =10-3=7 1 =—2 give the same coordinates | Bl
pu=-2: RHS=17+5u4 =17-10=7 on the other line. Conclusion not
needed.
(As LHS = RHS then the lines intersect.) [6]
(b) d=2i+j-k , d,=3i-j+5k
Dot product calculation between the
2 3 two direction vectors:
Asded, =| 1 [¢| =1| = 2x3)+(Ix=1)+ (-1x5) =0 (2x3)+(1x=D +(-1x5) | Ml
-1 5 or 6-1-5
Then /; is perpendicular to /. Result ‘=0’ and Al

appropriate conclusion

2]
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Question

Number Scheme Marks
6. (c) Equatingi; -9+24=5 = A=7
Way 1
- 2 > Substitutes candidate’s A = 7 into the
r= 0 +7 1 |=7 line /; and finds 5i + 7j + 3k . Bl
10 -1 3 The conclusion on this occasion is not
(= OA. Hence the point A lies on /,.) needed.
1]
(d) Let OX = —3i+3 j + 7k be point of intersection
Finding the difference between their
-3 5 -8 OX (can be implied) and OA.
AX=0X —04=|3 |-|7|=|-4 -3 (5)) | wmiy =+
7) 3 4 AX =+ || 3 |-|7
7 3
OB =0A+ AB = O4 + 24X
5 -8
OB =|7|+2| 4 7 |+ 2| their AX aM1+
3 4
(i . or —1li—j+11k
Hence, OB =| -1 | or OB=-11i—-j+11k Al
11
— —1,11)
3]
12 marks
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Question Scheme Marks
Number
7. (a) 2 _ 2 __4 B
4=y Q2-»Q2+y) Q2-y) Q2+y)
Forming this identity.
2=A2+y)+ B2-y) NB: A & B are not assigned in this | M1
question
Let y=—2, 2=B(4) = B=1
Let y=2, 2=A4(4) = 4=1 Eitheroneof 4= or B=7 | Al
1 1 1 1
giving —*— + —2 P— + —*—,aef | Al cao
QC-y) C+y) QC-y) C+y) —

(If no working seen, but candidate writes down

correct partial fraction then award all three marks. If
no working is seen but one of 4 or B is incorrect then

MOAOAO.)

3]
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Question

Numbor Scheme Marks

7. (b) ) | Separates variables as shown.

) j 1, dy = j dx Can be implied. Ignore the integral | B1
-y cot x signs, and the ‘2°.

1 1
j i+ —2—dy = j tan x dx
Q2-y) @2+y)
In(secx) or —In(cosx) | Bl
Either +aln(A—y)or £ bIn(A+y) | MI;

oo —1In(2-y) +1In(2+y) = In(secx) + (c)

y=0,x=%£ = —%ln2+%ln2=ln( ! )+c

o (3)
{0=1n2+c = c:—lnz}

—+In(2-y) + +In(2+ y) = In(secx) — In2

lln 2+y I secx
2 (2-y 2

I 2+y) _ Zln(secx)
2—y 2

2+ secx \’

In Y= ln[ j
2—-y 2

2+y sec” x
2—-y 4

8+4y

Hence, sec’x =
2-y

their.[ L_ dx = LHS correct with ft

cotx

for their 4 and B and no error with
the “2” with or without + ¢

Useof y=0and x=% inan

integrated equation containing ¢ ;

Using either the quotient (or product)
or power laws for logarithms
CORRECTLY.

Using the log laws correctly to obtain
a single log term on both sides of the
equation.

8+4y

sec’x =

Al

M1*

Ml

dM1*

Al aef

8]

11 marks
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Question

Number Scheme Marks
8. (a t s either 4=8cost or = 4sin2¢ =3c0st or =4smm2t | M1
(a) | AtP(4,24/3) either 4=8 24/3 = 4sin2 4=8 24/3 = 4sin2
o t =% or awrt 1.05 (radians) only
=>only solution is =% where 0,, 7,, 5 Al
stated in the range 0,, ¢,, &
2]
(b) x=8cost, y=4sin2t
Attempt to differentiate both x and y
dx dy wrt ¢ to give T psint and | M|
— =—8sinz, —=8cos2s +¢ cos 2t respectivel
dr dr =4 p y
Correct ¢ and < | Al
Divides in correct way round and
ALP dy 8005(27”) attempts to substitute their value of .
* A -8 sin(%) ¢ (in degrees or radians) into their | M1
& expression.
You may need to check candidate’s
_ 8(_%) _ _ substitutions for M1*
= = —=awrt 0.58
(—8)(@) J3 Note the next two method marks
are dependent on M1*
-1
Hence m(N) = 3 or - Uses m(N) =—+. dM1*
Wl their m(T)
Uses y—2+/3 = (their m, )(x — 4)
N: y—2\/§=—\/§(x—4) or finds c using x =4 and AM1*
y= 24/3 and uses
y=(their m,)x +"c".
N: y=-3x+6/3 AG y=—Bx+6V3 iécso

or 2\/_=—\/§(4)+c:>c=2\/§+4\/§=6\/§

so N: [yz —\/§x+6\/§]

[6]
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Question Scheme Marks
4 3 attempt at A:J‘ y Edt M1
8.(¢c) A=Iydx=j4sin2¢.(—8sint) dr —_de
0 x correct expression Al
(ignore limits and d¢)
A= |-32sin2¢t.sint df = J.—32(2sintcost).sint dt Seeing sin 2/ - 2sinicost Ml
x x anywhere in PART (c).
A= j—64.sin2 tcost dt Correct proof. Appreciation of
3 how the negative sign affects
the limits. | Al AG
kil Note that the answer is given
A= |64.sin” tcost dt in the question.
[4]
d) {Using substitution u =sint = <% =cost}
{change limits:
whent =%, u =§ &when t=%,u=1}
it 1’ el ksin’t or ku®with u=sin¢ | Ml
4= 64 or A= 64| — Correct integration
3, 3]s . .o Al
H k) ignoring limits.
Substitutes limits of either
(t=§ and t=§) or
Py 1 lﬁﬁﬁ (uzlanduzg) and | dM1
3 137222 subtracts the correct way
round.
64
A=64[l—l\/§j:ﬁ—8\/§ % g3 fAl aef
8 3 isw
Aefin the form a + b3 , with [4]
awrt 21.3 and anything that
cancels to ¢ = % and b =-8.
(Note that a =%, b = —-8)
16
marks
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June 2008
Further Pure Mathematics FP1
Mark Scheme

Question Scheme Marks
(a) 4 Bl (1)
(b) (x—4)(x* +4x+16) M1 Al

-4+416-64 : .
X = f’ x=-2% 2\/51 (or equiv. surd for 2v3) MI, Al @)
A
(c) e
e——> Root on + ve real axis, one other in correct quad. B1
° Third root in conjugate complex position Blft (2
7
M1 in part (b) needs (x-“their 4”) times quadratic (x° +ax +..) or times (x° +16)
M1 needs solution of three term quadratic
So (x” +16) special case, results in BIM1AOMOAOBOB1 possibly
Alternative scheme for (b)
(a+ib)’ =64, soa’ +3a’ib+3a(ib)’ + (ib)’ = 64 and equate real, imaginary parts Ml
so a’ —3ab® =64 and 3a’h —b’ =0 Al
Solve to obtain a =-2, b= \/E MIi(A1
Alternative ii
(x—4)(x—a—-ib)(x—a+ib)=0  expand and compare coefficients Ml
two of the equations —2a—4=0, 8a+a’+b> =0, 4(a’ +b°) =64 Al
Solve to obtain a =2, b= \/E MIA1
c)Allow vectors, line segments or points in Argand diagram.
Fxtra points plotted in part (¢) — lose last B mark
Part (¢ ) answers are independent of part (b)
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Question Scheme Marks
number
2. (a) £(1.6) =... f(1.7) =... (Evaluate both) M1
0.08... (or 0.09), -0.3... One +ve, one —ve or Sign change, .. root Al 2
(b) f'(x)=—-4sinx—¢ " Bl
16100 M1
f'(1.6)
-1.6
16— 4cqsl.6+e _ :1.6—0'085'" Al
(—4sinl.6—¢"") —-4.2...
=1.62 Al 4)
6

~

h) Any errors seen in evaluation of f(1.6) or f(1.7) lose A mark so —0.32 is A0

Values are 0.0851 and —0.3327 Need concluding statement also.
b) Bl may be awarded if seen in N-R as —4sin1.6—e™"® oras —4.2

M1 for statement of Newton Raphson (sign error in rule results in M 0 )

First A1 may be implied by correct work previously followed by correct answer

Do not accept 1.620 for final A1. It must be given and correct to 3sf.
1.62 may follow incorrect work and is A0
No working at all in part (b) is zero marks.
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Question Scheme Mark]
number
2. . 2 . _ 2
3. (@) z= (a+ .1)(a +'1) _a +23a1 Ml Al
(a—1)(a+1) a +1
612 - 2 1 2 2
. :E, 2a°—-4=a" +1 a=+5 (presence of —5 also is A0) (M1, Al 4
a +
3 5
(b) Evaluating their “2—a1 ”, or“3a” [g or 3\/§ J (ft errors in part a) Bl1ft
a +
tang = —9_ (=3V2 - 1.15 ( hich round to 1.15) MJl, Al (3
anf = RS (= 3 ), argz=1. (accept answers which round to 1.15) , 3)
(b) B mark is treated here as a method mark
The M1 is for tan (argz) = Imaginary part / real part
answer in degrees is A0
Alternative method:
| : . 1 1
(a) E+1y (a-1)=a+21 = Ea+y=a and ay—5=2 M1 Al
1 5 1 5
y=—a and ay== = —a*== = a=A5 M1 Al (4)
2 2 2 2
5

(b) y= % (May be seen in part (a)) Blft

tan@ = /5 argz=1.15 M1 Al (3)
Further Alternative method in (b) B1
Use arg(a +21) —arg(a —1) MIAL
=0.7297—-(-0.4205) =1.15 3)

7
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Question Scheme Marks
number
4. (@) m* +4m+3=0 m=-1, m=-3 M1 Al

CF. (x=)4e" +Be™ must be function of z, not x Al

PL x=pt+q (or x=at’+bt+c) Bl

Ap+3(pt+q)=kt+5 3dp=k (Form at least one eqn. in p and/or q) Ml

4p+3g =5
_k _5_4k _15-4k Al
P=3 7377 9
kt 15-4k
General solution: x = Ae”' + Be ' +— + must include x = and be function ¢f't Al ft
@) (b) When k=6, x=2t-1 M1 Alcao )
9

(a) M1 for auxiliary equation substantially correct
B1 not awarded for x = k#+constant

(b) M mark for using k£ = 6 to derive a linear expression in ¢. (cf must have involved
negative exponentials only)
soe.g. y=2t—1 is M1 A0
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Question Scheme Marks
number
5. @33 P ier-8=0x=.. (ﬂJ 3+17 MI, Al
x 2 2
- root not needed
——=§+3, X +6x+8=0 x=—4 and -2 M1, Al
Three correct solutions (and no extras): —4, —2, =3+ \/ﬁ Al (5)
(b) 8 M Line through point on
; | —ve X axis and + y axis B1
Curve B1
3 Intersections in
B —— i ~——, correct quadrants Bl (3)
.‘g‘/g‘l;‘.‘z‘_lr‘é‘i‘é
c) —4<x<-2, x>-3+417 o0.e. B1, B1(2)
10
(a) Alternative using squaring method Square both sides and attempt to find roots M1
x* +12x° +36x> —64 =0 gives x =-2 and x = -4 Al

Obtain quadratic factor, divide find solutions of quadratic and obtain (— 3+4/17 ) M1 A

Last mark as before

¢) Use of < instead of < lose last B1 Extra inequalities lose last B1

\ 1
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Question Scheme Marks
number
6. (a) 2 = ! - ! M: 2 = 4 + B M1 Al (2)
(r+)(r+3) r+l1 r+3 (r+)(r+3) r+l1 r+3
(b) r=1: 2 =l—l M1
2x4 2 4
2 1 1
F=2: ==
3x5 3 5
2 1 1
.r=n-1: —_—|=—-
nn+2)) n n+2
2 1 1
P - Al ft
(n+1)(n+3)] n+l n+3
1 1 1 1
Summing; e — M1 Al
e Z 2 3 n+2 n+3
_ S(n+2)(n+3)—6(n+3)—-6(n+2) _ n(5n+13) d M1ALeso 6
6(n+2)(n+3) 6(n+2)(n+3)
30 30 2
30x163 20x113
c = - = - s =0.02738 MI1A1ftAlcso3
(); 21: ZI: 6x32x33 6x22x23
11)

30
(¢) The M mark is also allowed for

Using u,, —u,, scores MO A0 A0

(b) The first M1 requires list of first two and last two terms
The A1 must be correct but ft on their 4 and B

The second M1 requires terms to be eliminated and A1l is cao

21
- Z applied with numbers included

The first A1 is ft their 4 and B or could include 4 and B, but final Al is cao but
accept 0.027379775599 to 5 or more decimal places..
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Question Scheme Marks
number
7. (a) d_y =Vv+x— B1
dx
(v+xﬂj:i v )cﬂz2v+l (*) MI AT (3)
v oXx v
% 1
b dv=|—dx M1
® -|.1—i-2v2 J.x
iln(1+2v2), =Inx (+C) dM1 A1, Bl
Ax* =1+2v? d M1
2 6 .2 4
Ax* =1+ 2(Zj 50 y = W/AX—X or y= x1/Ax 1 ory= x1/(%e4lnx+4" —%) M1 Al (7)
X 2 2
A-1
(c)x=1laty=3: 3=, — A=... M1
Al 2) 12

2
3 19x% — x2 or V= 19x* -1
S YT
d dx_dv

(a) B1 for statement printed or for d_y =(x+v—)—
X

dv’ dx

First M1 is for RHS of equation only but for A1 need whole answer correct .

(b) First M1 accept J dv= J-l dx
X

1
2V+;

Second M1 requires an integration of correct form %4 may be missing

Al for LHS correct with % and B1 is independent and is for Inx
Third M1 is dependent and needs correct application of log laws

Fourth M1 is independent and merely requires return to y/x for v

N.B. There is an IF method possible after suitable rearrangement — see note.
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Question Scheme Marks
number
8. (a) rcos@ =4(cos@—cos’ @) or rcosd=4cosf—2cos20—2 Bl
% _ 4(=sin O+ 2cosOsin O or S _ 4 in 0+ 5in20) MI Al
4(—sin@+2cosfsinf)=0 = cosd =% which is satisfied by & :g and r=2(*) |dMI1 Al (5)
(b) % [rao=® (1-2c0s0+ cos? 0)do MI
= (8){0—25in9+ sin20 +§} M1 Al
in20717%
430 2gno+$020]7 _gf(37 ) (7 5 B ari6475 |
2 4 A 4 2 8
3
Triangle:%(rcos@)(r sin 19) = %X 1x \/g = ? M1 Al
Total area: (27[—16+7\/§)+g:(27r—16)+¥ (A1) A1 (8)
13

(a) Alternative for first 3 marks:

ﬁ=4sin9 Bl
do

ﬂ:—rsin6?+cos6?£:—4sin9+8sin6?cosé? M1 Al
do do

Substitutingr=2 and € =%

~ into original equation scores 0 marks.

(b) M1 needs attempt to expand (1—cosé)* giving three terms (allow slips)

Second M1 needs integration of cos® @ using cos26 *1

Third M1 needs correct limits- may evaluate two areas and subtract

M1 needs attempt at area of triangle and A1 for cao

Next Al is for value of area within curve, then final Al is cao, must be exact but
allow 4 terms and isw for incorrect collection of terms

Special case for use of rsin@ gives BOM1AOMOAO
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June 2008
Further Pure Mathematics FP2
Mark Scheme

Question Scheme Marks
number
2
L | Y (in(tanhx)) = S0 M1 Al
dx tanh x
1 2
= — =— = 2cosech 2x (*) M1 Al 4)
sinhxcoshx sinh2x
4

Notes
1M1  Any valid differentiation attempt including In(e* —e ) —In(e* +e™)

coshx sinh
1A1 c.a.o.(oeeg. Al al

sinhx coshx

2M1 Proceeding to a hyperbolic expression in 2x
2A1 cs.o.
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Question Scheme Marks
number
T I ) [ ! Ry P BI
2 2
4e" +4e¢ " —2e" +2e " =13
2¢* —13e"+6=0 (or equiv.) M1 Al
2e"=D(e"-6)=0
X 1 X
ef=—, e =6 M1 Alft
2
1
X = lnE (or —In2), x=1In6 Al (6)
6
Notes

B1 Correctly substituting exponentials for all hyperbolics

1M1 To a three term quadratic in e*
1A1 c.a.0.(0.e.)

2M1 Solving their equation to e* =

2A1ft f.t. their equation.
3A1 ca.o.
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Question Scheme Marks
number
3 X
| [ [ BI
Vx* =9 Vx* =9
:{3arcosh§+\/x2—9} M1 Al Al
6
2
xX+vx" -9
=|3In| ——= |+/x* -9
3)
L 5
- 3ln(@)+ﬁ]—(3ln(5;4)+4j MI Al
:3IH@+\/E—4=3In2+3\/§+3\/§—4 *) AL(7)
Notes
B1 Correctly changing to an integrable form.

1M1 Complete attempt to integrate at least one bit.

1A1 One term correct
2A1 All correct

2DM1 Substituting limits in all.Must have got first M1

3A1  Correctly (no follow through)
4A1 c.s.o0.
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Question Scheme Marks
number
dy 3x? d 6
4. a) — = , Atx=+2 L =—=2 MI Al, Al
® dx  V1+x° de 3
y —arsinh (2\/5) = 2(x—\/§) Ml
y=2x-22+ 1n(3 +24/2 ) *) Al (5)
3a’ 4 6
(b) =2 9a" =4(1+a”) M1 Al
V1+a°
4a°-9a*+4=0 (@ -2)4a* —a*-2)=0 Al
+
gt = 1EV1+32 a:1/1+\/§z0.92 MI Al (5)
8 8
10
Notes

1

(a)1M1 Attempt to differentiate need (1 +x° )—z at least

1A1 correct
2A1 c.a.o.

2M1 Substituting into straight line equation (linear). Must use x = \/;

3Al1 c.s.o.

(b)1M1 Their derivative = their gradient (condone x throughout)

2M1= A mark cao, any form
1A1 quartic cao

3M1 Solving their quartic to ‘a’ =
2A1 c.a.o.(a.w.r.t. 0.92 to 2dp)
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Question Scheme Marks
number
VA
5. (@I, = I e" sin"xdx = [ex sin” x]—J‘ e*nsin”'xcos xdx MI Al
0
[ex sin” x — ne* sin" " xcos x]+ nI e* (—sin"x + (n —1)cosxsin” 2 xcosx)dx M1 Al
[ X o0 x :on—1 ]” N
e sin” x —ne sin”  xcosx|, =0 Bl
I =-n '[ e* sin"xdx + n(n—1) '[ sin” 2 x(1 —sin® x)dx M1
n(n—1)
I, =-nl,+n(n-1)I, ,—n(n-1)I, [, =— I, , *) M1 Al (8)
n°+1
4%x3 12 2
(b) I, = I, =—x—I, M1, Al
7 17 5
d 24
I :I cde=lt]l =, I, =2 1) M1, Al (4)
0 85
12
(a)1M1 Complete attempt to use parts once in the right direction need sin"”"' x
1A1 cao
2M1 Attempt to use parts again with sensible choice of parts, not reversing. Need to be differentiating a
product.
2A1 cao

1B1 both = 0 at some point. (doesn’t need to be correct, must must =0)
3DM11 =expressions in Iex sin‘ xdx Depends on 2" M

4DM1Expresssionin [ and [, , to I =.Depends on3™ M

3Al c.s.0.
(b)IM1 I, in terms of 1,

1A1 I, correctly in terms of I, [ 0.e.]
2M1 [e'dx
2A1 ca.ofor I, .
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Question Scheme Marks
number
. . . . cosh x
6. (a) Jcosh xarctan(sinh x) dx = sinh xarctan(sinh x) — I sinhx ————— MI1 Al Al
1+sinh” x
= sinh xarctan(sinh x) — %ln(l +sinh®x) (+C) MI Al 5)
Oor: - I tanh x dx
= sinh xarctan(sinh x) — In(cosh x) (+C) M1 Al
Alternative:
Let t = sinh x, i = cosh x, jarctantdr = tarctant —j 5 dr M1 Al Al
dx 1+¢
= —lln(1+t2) M1
2
= sinh xarctan(sinh x) — %ln(l +sinh”x) (+C)  (or equiv.) Al
(b) %[sinh xarctan(sinh x) — In(cosh x)]é =, 0.34 *) M1, Al )

(a) Alternative:
) dt
Let tant¢ = sinh x, seczta = coshx, Itsecztdt = ttant—jtantdz‘ M1 Al Al

= —In(sect) Ml
= sinh xarctan(sinh x) — Inv1+sinh? x (+C) (or equiv.) Al

Notes
(a)1M1 Complete attempt to use parts

1A1 One term correct.

2A1 All correct.

2M1 All integration completed. Need a In term.

3A1 c.a.0. (inx) o.e, any correct form, simplified or not
(b)1M1 Use of limits 0 and 2 and 1/10.

1A1 c.s.o.
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Question Scheme Marks
number
7. (a) %_2_yd_y = [% = 4secttant, d_y = 3sec’ t} M1 Al
16 9 dx dr dr
d_y: 9x :36sect: 3 M1 Al
dx 16y 48tant 4sint
y—3tant = _4smt(x—4sect) M1
4xsint +3y = 25tant *) Al (6)
(b) Using b* :az(ez—l): ae=\a*+b* =5 or e=% M1 Al
4
P: 4sect=5 cost = g M1
. 9
Coordinates of P: (4sect,3tant) = S,Z M1 Al (5)
(©) R: x:25t.ant :12—5 M1
4sint 16
Area of PRS: l(SR x SP) = L [12 5) 2 2495 (521 MI Al 3)
2 2 16 4 128 128
14
Notes
(a)1M1 Differentitating
1A1 c.a.o.
dy .
2M1 — in terms of 7.
dx
2A1 c.a.o.

3M1 Substituting gradient of normal into straight line equation.

3Al1 c.s.0.

(b)1M1 Use of b> =a’ (e’ —1)

1A1 c.a.0. foraeor fore

2M1 Using x coordinate of focus= x coordinate of P, to get single term
f(t)= constant. (Allow recovery in (c) )

3M1 Substituting into P coordinates to a number for x and for y.
2Alc.a.0.

(c)1M1 Attempt to find x coordinate of R.
2M1 Substituting into correct template i.e. 2 x [their R, - their Hy| x their Py

1A1 c.a.0. 3 s.f. or better.
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Question Scheme Marks
number
8. (a) X =3+3cost y =3sint Bl
: i 2sin Y/, cos
%J—lsm’ ! t/—tan * MA@
X + cost 2¢os A
(b) s:jw/x2+y2 dt=3\/zjx/1+costdt M1 Alft
t t .t . .
= 6J0 COSEdt = 12s1n§ (Limits or establish C = 0 for A1) *) M1 A 4)
t t .
(©) tanl//:tana = y=— = s=I12siny Bl (1)
(! .0 ) _ _
(d) Surface area = J‘027zyw/x +y dt = 18\/572'.[(1 cost)+/1+cost dt MI1 Alft
.t
= 727r_|.sm —cos— dt M1
2 2
S Zgin? L M1 Al
3 2
3 3
But sini =22 i, so surface area = 14472- L —= = _rl *) M1 A (7)
2 1 12 3 12 36

(a)1B1 both
1M1 Attempt at y’/x’
1A1 cso — on paper need to see half angles
(b)IM1 Attempt at arc length, integral formula
1A1 cao follow through on their x” and y’ one variable only
2Ml1 Integrating
2A1 cso — on paper
(c) 1B1 cao

(d) 1M1 Attempt at Surface area, integral formula.Condone lack of 2.

1A1cao follow through on their x” and y’ condone lack of 2n. one variable only

2DM1Getting to integrable form condone lack of 27. Depends on previous M mark.

3DMlintegrating condone lack of 2n. Depends on previous M mark.
2Alcao

4DM1Eliminating t to give expression in L only Depends on previous M mark.

3A1 cso — on paper.
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Mark Scheme

Question Scheme Marks
Number
dy D
— | =0+c0s0.6 (=0.825335...) May be implicit Bl
dx /,
dy
», =005 = | +y, (=0.05 x0.825335... + 0.6) M1
dx ),
y1=0.641266...
=0.6413 (4 d.p.) Allow awrt Al
d
(ayj =0.05+c0s0.641266... [or 0.05+ c0s(0.6 +0.05¢c0s0.6) ] Alft
1
=0.851338...
d
Y, ® 0.05(5)}) + ) (=0.05x0.851338... +0.641266...)
: ; Mi
Requires use of the differential equation to find (—yj
1
y2=0.683833...
=0.6838 (4 d.p.) Al
(6)

Degree mode in calculator:

Gives answers: 0.6500 (0.64999...)
0.7025 (0.70248...)

This can score B1 M1 A0 Al1ft M1 A0
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Question

Number Scheme Marks
I p 2|1 1 1+2p+2 A
0 3 ¢g|2|=42 6+q |=|24]isMl1 Al (2 eqns implied)
2 p 1)1 1 24+2p+1 A
2 (a)
3+2p
6+q |=6+9=23+2p) is M1 Al (2 eqns, use of parameter implied)
3+2p
1+2p+2=21 6+g=21  M: Two equations, one in p, one in g M1 Al
6+g=6+4p = g=4p *) Al (3)
®|-4 p 2 1-2 p 2
0 -2 4p|=0or | 0 3-4 4p|=0 (orwithgq instead of 4p) M1
2 p -4 2 p 1-2
[— 4(8 — 4p®) — p(0 — 8p) + 2(0 + 4) = 0] p’=1 or pg=4 Al
p<0 p=-1 g=-4 M: Use g = 4p to find value of p and of ¢ dMI1 Al (4)
Al: Positive values must be rejected
(c)
—A4x—y+2z=0, 2y—4z=0, 2x—y—4z=0 Any 2 eqns, with value of p M1
2x=—y=2z (or 2 separate equations) M1
1
. Al (3)
E.vector is k| — 2 (Any non-zero value of k)
1
(10)
(a) Assuming a value for 4, e.g. 1 =1, gives M1 A0 A0.
(a) Assuming result and working ‘backwards’:
I p 2\1 3+2p 1
0 3 4p|2|=|6+4p|=(B+2p)2|, givesMI A0 AO
2 p 1 )\1 3+2p 1
(b) Alternative:
I p 2 \(x X -4 p 2 \x 0
0 3 4plly|=5lylor| O =2 4p| y|=|0 (orgq instead of 4p) M1
2 p 1)z z 2 p -4z 0
x+py+2z=5x,3y+4pz=5y,2x +py +z=5z
py +2z=4x (1), 2pz =y (i), 2x + py = 4z (iii)
From (i) and (iii)) py =2z
From (ii) =1 (or equiv. in terms of p and/or q) Al
p<0,p=-1,g=-4 Al: Positive values must be rejected dM1 Al
1
(b) Using the eigenvector | 2 | scores no marks in this part.
1
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Question

Number Scheme Marks
3. (a) 3
(e +1)42 4 2x df 4y Y -2 )dy & MI Al
dx dx dx dx
d’y d’y dy
2
x°+1 1-4x 4y -2 * Al (3)
(1) 5 = (U=dx) 5+ (4y-2) - *)
®) | (g2
( {J =3 Bl
dx 0
3 3 2
[?lx_fj =5 Follow through: jx—f :((:x_);—i_z Bl1ft
32,553
y:1+x+5x +gx M1 Al (4)
()| x=-0.5, y~1-0.5+0.375-0.104166...
—0.77 (2 dp.) [awrt 0.77] BI1 (1)
)]

(a) M: Use of product rule (at least once) and implicit differentiation (at
least once).

(b) M: Use of series expansion with values for the derivatives (can be
allowed without the first term 1, and can also be allowed if final
term uses 3 rather than 3!)
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(a)

(b)

(©)

|x=3)+iy|=2|x+iy| = @x-3) +) =4+ 4’
" x2+y2+2x—3=0
x+1)7°+)" =4

Centre (-1, 0),

radius 2

M1 Al

M1
Al, AL (5)

y
_—

D)

v

-3 -1 o\ A

Circle, centre on x-axis Bl

C(1,0),r=2 dB1ft
Follow through centre and
radius, but dependent on first
Bl1.

There must be indication of
their ‘=3, “=1° or ‘1’ on the x-
axis and no contradictory
evidence for their radius.

Straight line Bl
Straight line through (-1, 0), or
perp. bisector of (-3, 0) and (0,

V3). Bl

Straight line through point of
int. of circle & —ve y-axis, or

through (0, — J3 ) Bl

B1 dB1

Bl BI BI (5)

Shading (only) inside circle

Inside correct circle and all of the correct side of the correct line... this mark is
dependent on all the previous B marks in parts (b) and (c).

Bl
dB1 (2)
a2)

(a) I M: Use z = x + iy, and attempt square of modulus of each side.
Not squaring the 2 on the RHS would be M1 AO.

2™ M: Attempting to express in the form (x —a)* + (y- b)Y =k,

or attempting centre and radius from the form x* + y> +2gx +2fy+c =0
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Question

Number Scheme Marks
5. (@ koo=2Yt) (ttk—4) M1
1-k &k \2t) \tQ+k)
t(1+k)=2t(k—4) dMml1
k=9 Al (3)
(b) | det A=K +2(1—k) (Must be seen in part (b)) M1
= (k—1)*+ 1, which is always positive Ml
A is non-singular Alcso (3)
© A= ! ko2 M1 Al (2
k> —2k+2\k-1 k @
(d) (3 2
k=3, A'l=— Bl
502 3
A A L3 24 176 M1 Al (3
= :> = = — = —
P=a=pP=Aq Pl 4] 5]73|_ €)
3 2)\x 4
Alt. = = 3x-2y=4,-2x+3y=-3 BI
-2 3 N\y -3
M1 A1 for solving two sim. eqns. in x and y to give x = 1.2, y =-0.2 (0.e.)
(1)

b) 2™ M: Alternative is to use quadratic formula on the quadratic equation,
q q q

or to use the discriminant, with a comment about ‘no real roots’,
or ‘can’t equal zero’, or a comment about the condition for

singularity.
(x_2i¢4—8J
2

A1 Conclusion.

(c) M: Need , k's unchanged and attempt to change sign for

their det A
either —2 (leaving as top right) or 1 — k (leaving as bottom left).

(d) M: Requires an attempt to multiply the matrices.
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Question

Number Scheme Marks
6. (a) (cos@ +isin) =cos@+ising ..true forn=1 Bl
Assume true for n =k, (cos@+isin @) = cosk@ +isin k6
(cos@ +isin @)™ = (cosk@ +isin k&)(cos @ +isin &) Ml
= cosk@cos@ —sinkfsin @ +i(sinkfcos@ +coskfsind) | Ml
(Can be achieved either from the line above or the line below)
= cos(k + 1)@ +isin(k +1)0 Al
Requires full justification of (cos @ +isin @) = cos(k +1)8 +isin(k + 1)@
(-.true forn=k+ 1iftrueforn=%k) .. true for n € Z by induction Aleso (5)
(b) | cos50=Re [(cos 0 +isin 9)’ ]

=cos’ @+10cos’ @i*sin’ @+ 5cos@i*sin* @ MI Al
= cos’ @—10cos’ @sin’ @+ Scosfsin’* @ Mi
=cos’ @—10cos’ (1 —cos” ) +5cos @ (1—cos” 6)° Mi

cos 56 =16cos’ @—20cos’ @+ 5cosé (*) Alcso (5)
(¢) | cos560
-y =0 = cos50=0 M1
T V4

56== =15 Al

x=2cosd, x= 200510 is a root @) Al (3)

a3)

(a) Alternative:
For the 2" M mark: (e‘ka Xe‘9 ) — eif(k+D)
(b) Alternative:

5 2 3 4 5
(z +1J =z’ +524(l)+1023(1J +1022(1] +52(lj +[lj Ml
z z z z z z
=2c0s50 +10cos368 +20cos @ Al
(2 cos 9)5 = e and attempt to put cos36 in powers of cos & Ml

Correct method (or formula) for putting cos 36 in powers of cosd M1

c0s50 =16¢cos’> 0 —20cos> O +5cosO Alcso
(c) Alternatives:

(i) Substitute given root into xt=5x% +5;

4 2 4 2
2cos£ -5 2cos£ +5=2% cosl —5x2°? cos£ +5 Ml
10 10 10 10

5
‘Multiply by cos @’ and use result from part (b): ...= COS% Al
=0 and conclusion Al
(ii) Use 560 = % in result from part (b) M1

5 3
16 cos = | =20 cos = | +5| cos”> | and divide by cosé Al
10 10 10

=0 and conclusion Al
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Question

(e) Alternative:

4 2 0

1

3 1 -1 2| gives M1 Al directly. Here ft from 1* line of part (a).
2 -3 3

Special case:

g or % instead of l , but method otherwise correct: M1 A0 A0

Number Scheme Marks
7. @ | pO=i-j+2k, PR=2i-3j+3k Bl
i j k
POxPR=1|1 -1 2|=3i+j-k M1 A1 (3)
2 3 3
®) | r.@Gitj-K=(-Kk.Gi+j-k) [may use OO or OR] Ml
r.Gi+tj-k =4 0.€. ft from (a) Alft (2)
(c) 3x+y—z=4(i),x—2y—5z=6(ii)
() x2+@G1) Tx—T7z=14, x=z+2 (M: Eliminate one variable) M1
In (ii) z+2-2y-52=6, y+2=-2z (M: Substitute back) M1
SLox=z+2andy+2=-2z oe. (y=2-2)
. , . Al
(Two correct ‘3-term’ equations)
X2 _ y—+2 - o.e. (M: Form cartesian equations) M1 Al (5)
o 2 @
(@ Writing down direction vector of PS from part (c). Ml
@ =i-2j+k = PS -PS/ QR (or cross-product = 0) Al (2)
©) | PT =4i+2j (or OT =3i+3j—2k or RT =2i+5j—-3k)
ll=—= —=—x 1
Volume = E POxPR.PT|= §| GBitj-k).(@i+2j)] ft from (a)
S - _— M1 Alft
(Instead of PQ x PR, itcouldbe PO x OR or PRx QOR)
1 (12+2)
3
=42 oe. Al (3)
as
(a) If both vectors are ‘reversed’, BO M1 Al is possible
(c) Alternative:
1 3 1
Direction of line: | =2 [x| 1 [=7] -2 M2 Al
-5 -1 1
x=1 y z+l1
Through P (1,0,—-1): T:—zz 1 MI1 Al
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June 2008
6677 Mechanics M1
Mark Scheme

Number Scheme e
1. (a) I=mv = 3=04xv M1 Al
V=175 (ms’l) Al @)
(b) 7.5
—
"
v 5
— e —
LM 04x75=04v+0.6x5 M1 Al
0=04v = v=0 3k €S0 Al &)
[6]
2. @V =u'+2as = 17.5%=u>+2x9.8x10 M1 Al
Leading tou = 10.5 Al 3)
(b) v=u+at = 17.5=-10.5+9.8T M1 Al fit.
T:2g (s) DM1 Al 4)
Alternatives for (b) [7]
+ 17.5+-10.5
s:(uzv)T:>10=(#)T
MI1AL fit.
20_, DMIAL (4)
7
OR  s=ut+tat’ = —10=10.5t—4.9¢ M1 Al fit.
_ 6( 5) . .
Leadingto T = 2;, L—; Rejecting negative DM1 A1 4)
(b) can be done independently of (a)
s=vt—tar’ = -10=-17.5t+4.9¢ MI Al
Leadingto 7 = 2§, > DMI1
77
. : 5 .
For final A1, second solution has to be rejected. ; leads to a negative u. Al “)
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Question

Number Scheme Marks
8
3. (2) tand = 3 M1
0 ~53° Al )
(b) F=0.4(6i+8j) (=24i+32j) M1
|| = V(2.42 + 3.22)= 4 MI AL ()
The method marks can be gained in either order.
© v =9i-10j+5(6i+8j) M1 Al
= 39i + 30j (ms’l) Al 3)
[8]
4. (a)
VoA
25
! shape Bl
| 25, 10, 30, 90 B1 )
10 5
0 36 ' 56 ' >
1
b) 30 x 25+ —(25+10 f+10(60—¢ )=1410 M1 Al Al
®) S (@s+10)+10(60-1) Al
7.5t = 60
=8 (s) DMI1 Al
25-10
a= =1.875 (ms_z) 12 M1 Al (7)

9]
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Question

Number Scheme Marks
5. (a)
15
30° -
(T) 15sin30° = Rsin50° MI1 Al

R~9.79 (N) DMI Al (4)

(b) (—))X— 15¢0s30° = Rcos50° ft their R M1 A2 ft
X~193 (N) DMI AL 5)
91

Alternatives using sine rule in (a) or (b); cosine rule in (b)
(a) ,R :,15 MI Al
sin30°  sin50°
R=9.79 (N) DMI Al (4)
) X 15 R M1 A2 fton R
sin100° sin50°  sin30°
X
X~193 (N) DMI AL (5)
X? =R +15 -2 x 15x Rcos100°
OR: cosine rule; any of R> = X*> +15° =2 x 15 x X cos30° MI A2 fton R
15 =R*+ X* =2 x X x Rcos50°

x=193 (N) DMI Al (5)
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Question

Number Scheme Marks
6. (a) A A
X
: 2.4
08 ’
A B
8g I 12%
M(4) 8gx0.8+12gx1.2=Xx2.4 MI Al
26
X =~85 (N) accept 84.9, Tg DMI1 Al (4)
(b) A A
X+10 X
2.4 :
08
x |-
A g B
8g 1
R(M) (x+10)+x=8g+12g M1 Bl Al
(x=93)
M(4) 8gx0.8+12gxx=Xx2.4 MI Al
x=14 (m) accept 1.36 Al ©)
[10]
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Question

Number Scheme Marks
7. (a)

R =45c0s40°+4gcos30° M1 A2 (1, 0)

R~ 68 accept 68.4 DMI1 Al (5)

(b) Use of F'= uR M1

F+4gsin30 = 45c0s 50° M1A2(1.0)

Leadingto u~0.14 accept 0.136 DMI Al (6)

[11]
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Question

Number Scheme Marks
8. (a)
*—
g J2533
s=ut+yat’ = 6=1ax9 M1
a=1! (ms_z) Al @)
(b) N2L for system 30— uSg =>5a ft their a, accept symbol M1 Alft
14_10 rt 0.48 DMI1 Al (4)
=—=— awrt 0.
"=3¢ 21
(¢) N2L for P T—u2g=>2a ft their &, their a, accept symbols M1 Al ft
14 4
T'—-—x2g=2x~—
3g 3
Leadingto 7' =12 (N) awrt 12 DMI1 Al (4)
Alternatively N2L for Q
30-T - u3g=3a M1 Al
Leadingto T =12 (N) awrt 12 DMI1 Al
(d) The acceleration of P and Q (or the whole of the system) is the same. Bl 1)
4
ev=u+at = v:§x3:4 Bl ftona
N2L (for system or either particle)
—Sug =>5a or equivalent M1
a=-—Hg
v=u+at = 0=4- pugt DM1
_ 6
Leading to ¢ = ; (S) accept 0.86, 0.857 Al “4)
[15]
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6678 Mechanics M2
Mark Scheme

Question
Number Scheme Marks
1. 1600
Tr Resolve : T +2000g xsina =1600 M1 Al Al
2000g (T, =816)
P=816x14(W) ft their 7, M1 Alft
~11 (kW) accept 11.4 Al cso (6)
[6]
2. (a) 3u 2u
O 7
i y :AZIAQ
LM 12mu + 6mu = 4mx +12meu B1
NEL deu—x=eu M1 Al
Eliminating x to obtain equation in e DM1
: 3
Leading to e= 2 * S0 Al Q)
9 T
(b) x =3eu or Zu or 4.5u—3eu seen or implied in (b) B1
1 1 1, (9 Y 1
Loss in KB = —4m(3u)’ +=3m(2u)’ —=4m| —u | —=3m(3u)’ M1 Alft
2 2 2 4 2
ft their x
2 5 2 3 2 2
=24mu —23§mu = gmu =0.375mu Al 4)

9]
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Question

Number Scheme Marks
3.
(a AKE = %x 3.5(122 —82) (: 140) or KE at A, B correct separately B1
APE =3.5%9.8x14sin 20° (z 164.238) or PE at A, B correct separately Ml Al
AE =AKE+APE =304, 300 DMI A1 (5)
(b) Using Work-Energy
F = ux3.5gcos20° M1 Al
304.238...=F x14 ft their (a), F, M1 Al ft
304.238...= u3.5g cos20°x14
1~0.674 ,0.67 Al 5)
[10]
Alternative using N2L
UR R F = ux3.5gcos20° M1 Al
Vi=u'+2as = 8 =12°-2ax14
mg (a zgj (2.857 ...)
N2L R K : {their F,}- mgsin20° = ma . M1 Alft
ft their F,.
Leading to 1 ~0.674 or 0.67 Al 5)
4. | @ N2L  (6¢=5)i+ (¢’ -2¢)j=0.5a Ml
a=(12t-10)i+ (20" —4¢) Al

v:(6t2—10t)i+(§t3—2t2jj (+C)  fitheira
2

=(66" =10t +1)i+| = =2 -4 |

v=(6t t+)1+(3t t j]

(b) When t=3, v, =25i—-4j
~5i+12j=0.5(v—(25i—4j))

v =15i +20j
v]=+(15°+207)=25 (ms™)

ft their v,

CSO

M1 Alft+Alft

Al (6)

Ml

M1 Alft

Al

M1 Al (6)
[12]
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Question

Number Scheme Marks
5. (a)
R
R(T) R+Pcosa=W M1 Al
M(A) Px2a=W x1.5acos& M1 Al
3
(P:—Wcosaj
4
3 >
R=W—Pcosa=W—ZWcos a DM1
_1 4-3cos’a|W * Al 6
_Z( —3cos a) cso (6)
2 2
(b) Using cosa =—, R=—W Bl
3 3
R(—) wuR=Psina M1 Al
. 3.
Leading to y:Zsma
(sinazx/(l—é):g)
,uz% awrt 0.56 DMI A1 (5
[11]

79




Question

Number Scheme Marks
6. (8+k)mx6.4=5mx8+km><8 M1 Al
1.6k=112 = k=7 % DMI A1 &)
27mx =12mx4+5mx8+Tmx8 M1 Al
5.3 or better Al

27my =12mx2.5+8mx5 M1 Al

2.6 or better Al 6)
_35 M1 Alft
7

~ 26° Al 3)
[13]
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Question

Number Scheme Marks
7. @ (V) u, =25sin30° (=12.5) BI
12=12.5¢t+4.9¢ —1 each error M1 A2 (1, 0)
Leadingto t =0.743 , 0.74 Al Q)
(b) (—) u, =25cos30° [: 2533 21.65] Bl
OB =25¢c0s30°xt (~16.094 58) ft their (a) M1 Alft
TB~1.1 (m) awrt 1.09 Al @)
(c) (—) 15=uxxt:>t:1—5(:¥z0.693 or 0.69) M1 Al
ux
cither (¥) v, =12.5+9.8¢ (~19.2896) MI
Vi=u’+v’ (=840.840)
V=29 (ms")., 290 MI Al (5)
[14]
or (¥) 5,=12.5¢+ 4.97 (= 11.0) Ml
1 2 1 2
—mx25" +mgxs, =—mv
2 S
V=29 (ms”), 290 MIAl

81




82



June 2008
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Mark Scheme

Question
Number Scheme Marks
1A(1.Y L Bl
Ql(a) ° *? EPE stored = —i —L 2/1—
2L\2 8
. 1 Bl
KE gained = 5m2gL (=mglL)
AL MI1Alcso
EPE=KE= — = mglL ie. 1 =8mg*
8 )
M1
(b) EPE = GPE + KE
o P
j 18mg (1 Y\ 8mgl L AlAl
2 L \2 8 2 2
MI1A1 (5)
mgL - Dy u= /gL 9 Marks
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Scheme

Question Marks
Number
Q2 (a) 0
A B
MIA1
2 2
w 3
ul= o’ (a - x? ) ;a=0.12 u2=a2a)2,u=0.12><a) M1
_ -1 -1
0.251ms " (0.25ms™) Al (4)
(b) Time from O — A4 — O = 1.5s S 1=05 .
. (7
X = asin wt = OP=0.12 sm(—j
3 Ml1A1l
Distance from B is 0.12—-0OP =0.12-0.104... =0.016m
MI1A1 (5)
(©) Vie o? (az -yl )
M1
27[ ) B 27[ 1 Al
v = 2 J012220.104..2 = ZZ2 % 00598 = 0.13ms
3 3 ?2)
11 Marks
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Question Scheme Marks
Number
N
Q3 (a)
Sorw”
» MIAIl
t Tcos@+N=Mg a 1 M1A1
— Tsin 0 = mro’ ()
0
) h sin @ :§ from (2) T =mlw’
/
subinto (1) mlcos@ @’ + N =mg M1
N =mg — mho’ Al
Since in contact with table N..0 .. @, %* MIAL eso
®
(b)
: h
r:h:l=3:4:5 .. extension :Z B1
_2mg h_mg MIAL
h 4 2
Temiw? =2 2 o 28 MIAI
S5h
)]
13 marks
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Question Scheme Marks
Number
Q4 (a) N 2+ L0
52
Mass a §7Z'><: 216 8 208 MI1A1
27 1 26
3 3 _ 3
Cof M from O: —x6a —x2a X Use of —r
8 8 8 Ml
Moment : 216><6aX3 :8><2aX3+208)T
8 M1
__480a 30a
X = =
208 13 Al cso
)]
(b)
= = S
B1
Bl
Mass ma’ X ﬁ 24 = ﬂ
3 3
C of M: ﬁa + 9a = y M1
13
88 _
Moments : 320a + 216a = ——Yy
3 Al cso
_ 201 @)
Nae-5 ¥ = ep 47
(©
12a—@a Ml
61
tan@ = 2a tand = — M1
12a—22q
0=12.93..... Al
so critical angle = 12.93... " if @ =12° it will NOT topple. Al
4)
13 marks
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Question Scheme Marks
Number
Q5(a)
1, MIAI
1ergy 5 mv* = mga cos 0
v:=2ga cosf
2
F =ma Y T-mgcos 0= dd MIAT
a
v? 3
Sub for —: T= mgcos@+2mgcos@: 6 =60 T=Emg MIAI
a
(6)
(b) Speed of P before impact = /2ga Bl
—4/2ga —0 —u
\2
PCLM: o « e o= 4ga — % * MIAlcso
m 3m 4m
| 3)
(c) (1)
At A v=0 so conservation of energy gives:
1
o) 40 E4mu =4m ga (1- cos ) MIA]
A
g4 =ga (1- cos )
16 M1
15 o
cosd=— , 60 =20 Al
(i1)
o 15mg
At A T=4mgcos® = —= (accept3.75mg) MIAl
(6)
15
Marks
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Question Scheme Marks
Number
6
Q (a) F ma(—>) 3 3 =0.5a=0.5 Vﬂ MIA1
(x+1)
_[ 3 dx =0.5 Iv dv Separate and | M
(x+1)
3 I ,
- = Vi(+ o
20x+17 4 Al
x=0,v=0= c'=—E vi=6[1- ! *
2 (x+1)? MI1ALI cso
(6)
(b) Vx  v’<6 v <6 (- (x-i—l)2 always >0 ) Bl 1)
. de  Voy/(x+1)—1 "
v: — =
dt x+1
[—— Xl dx = Jofdr -
Jx+1)7 =
Ja+)P =1 = J6r+ ¢ M1 Al
t=0, x=0= ¢ =0 Mi
t=2= (x+1) 1= (2+6)>
M1
(x+1)2 = 25 = x=4 (c' need not have been found)
Al cao
(7)
14 Marks
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6680 Mechanics M4
Mark Scheme

Question Scheme Marks
Number
L. oV p=Vo—-Vp=(Gi+7j)—(5i-4j) M1
=(=2i+11j) Al
tand =4 = 6=79.69... M1 Al
Bearing is 350° Al
2. 2m(2i - 2j)+m(=3i— j)=2m(i—3j)+ mv M1 Al
(i-5j)=Qi-6j)+Vv
(i+j)=v Al
M=v(1)? +12 =¥2 ms! wo DMI Al
5
3- d Ml*
mg —mkv = m— Al Al
dt
d
jdz =J v DM1*
g—kv
t=—1In(g—kv) +c Alcao
t=0,v:u:>c:71€ln(g—ku) M1+
T=1n(g — ku) - + In(g — 2ku) DM
=1 ln( g~ ku ] Al
g—2ku
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Question

Scheme

Marks
Number
4. ucos26 = vcosd M1 Al
%usin20 =vysinfd ML Al
3tan26 = 8tand M1
ane :Stane Ml
1—tan
tan249:J4- (tan @ = 0)
_1 M1 A1 8
tanl9—§
5.(a) ) M1
—T——mg—va\/% =mx A3,2,1,0
-mgx 1 . |8
——mg —2mx,|= = mx
;2" \/7 M1
2
d f+2a)g+a)2x: -0.5g (AG)
dt d Al (6)
(b)
uw +20u+o> =0=u=wm (twice)
CFis x =e “ (At + B) Bl
. 1 g
Plis x=——1 (-
2 ( 2w* )
o 1 M1
GSis x=e“ (At—i-B)—EZ
F=0,x=0=> B=11 ( £ ) MI
2 20
M1
;ﬂ =—we " (At+B)+ Ae™
t
M1
3./ gl )
t:O,@:\/Q:a)l:Aziwl(:—\/g—)(:\/g+oﬁ)
dr 2 2 w
Al (6)
SO X = e“‘”(iwlt+ll)—ll =lle‘“’t(3a)t+1)—ll
2 2 2 2 2
(c) dx = 0= - (At + B)+ Ae™ =0
dt Ml
=1 2
=5 M1 Al
3w
3)
15

90




6.(a)

(b)

(©)

5

v B‘ vector triangle

0
Vo (E)E =52

— 100v2 = 2500 — x>

200vd—v =-2x
dx
d2
200—5 +2x=0
dr
Exox o,
d2 100

1
Aux equn: m*+— =0
100

:mzii
10

xX= Asini + Bcosi
10 10
t=0,x=0=>B=0

— T — 0—

cos
d 10 10

t=0,x=0=v=—=
dr
:>5:£:>A =50
10
.t
= x =50sin—
10
x=30: 30=50sin—
10

1.3
= ¢=10sin 1(§)=6.44 s

Ml

Ml

Al

3)

M1 Al

D M1

Al

“4)

Ml

Al

Al

B1

MI

M1

Al

MIA1

)

16
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7.(a)

(b)

(©)

(@)

PE of rod = —kMgasin26
BP=2x2asinf =4asinéd
PE of mass = —Mg(6a —4asin6)
V =—-Mg(6a —4asinf) — kMgasin2 0
= Mga(4sin@— ksin20) + constant ~ *

4 = Mga(4cos6 — 2 kcos26)
6
50, 4x3 —2k(2(3)* =1)=0

=k=12

4cosO—24(2c0s>0—1) =0
12c0s%6 — cos@— 6 =0
(4cos@—3)(3cosd+2)=0

__2
cosH——3

dv

15 = (Mga)(—4sin @ + 4ksin 26)

d*v
" do?

when cos@ =

=(Mga)x44.97..= stable

-blw

when cos@ =

w‘l\)

= (Mga)x—-50.68.. = unstable

(9

Bl
Ml
Al

M1
Al (5)

MI1 Al

M1 M1
Al

)

Mi

D M1

Al (3)

M1 Al

MI1 Al

Al (5

18
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Mark Scheme

Question Scheme Marks
Number
1. d=(7i - 14j) - (i - 6j) = (6i - 8j) Bl
(6ki+kj).(6i—8j):%X%X(z\ﬁ)2 M1 A2 ft
28k=T= k=1 D M1
_3;,1:
= P=3i+4] Al 6
2. AuxEqun: m?>+4m=0=m=0or —4 M1
r=A+Be™¥
t=0r=i-j A+B=i-] Al
M1
v=—4Be ™
t=0,v=-8i+4j —4B=-8i+4] Ml
B=2i-j=>A=-i
Al Al
so, r=—i+(2i—je ¥
=2e M -1i-e¥j Al 7
3.a) R= (2i+j-k)+3i-j+2k) M
= (i +K) Al @
(b) . . P - - ..
G+(i+j-Kx(i+k)=(>G(-j+tk)x(2itj-k)+@i-j-2k)x(3i-j+2k) M1 A2 ft
G+(i-6j-K) = (-j—K) + (-4i- 14j-Kk) A3 g
G =(-5i-9j-K) Al
G| = (=5 + (-9)* + (=1* =107 Nm MI Al (9)
11
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4. (a)

(b)

(©)

—mg St =(m + Sm)(v+6v)+ om(U —v) - my

—-mg ot =mv + mov+vom +Uom —vom — my

o _mdv dm
&= dt
| dm 1
m=M0(1—7f):>d—=—7 0
t
dv
—Mog(l—%t):Mo(l—;t)a—éMoU

d
U-g2-1=Q2-1—

U _gg_d &
D) T

@>0 whent:O:g—9.8>0
dt 2

= U>19.6*

v=j U _ _98a
2-1)
=—Uln(2-1)-9.8t+C
t=0,y=0:0=-Uln2+C = C=Un2

—-9.8¢

so, v=Uln
(2-1)

t=1:v=Uln2-9.8

M1 A2

Al

Bl

Ml

Al (7)

Ml

Al (2

Ml

Al

Ml

M1 Al (5)

14
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Question Scheme Marks
Number
5.(a) I=1m9a)? +12ma? + 2m(9a)?
3m(0a)"+ 7 ©a) M1 Al Al
=27 ma2 + ma2 + 162ma2
— 190ma’ Al (4)
(b) M(2),
mg%sin 0 + mg9asin @ = —190ma’6 M1 A2
0 = —9—gsin¢9
T6a
For small @, sin@ ~ 6, M
= 0=——6s0oS.HM.
76a Al
ar i
Period = 277 |04 _ 47 |19 DMI Al
9% 3\ g
(7)
11
2 M Mox
. om= na ox. =— M1 Al
6 nah h
_ 1 2 2
ol = 2 om.a“ + om.x M1 Al
_ M 2 a5 M1 Al
4h
" M
I=[=(a" +4x")dx MI Al
4h
0
M[ 2 4 3}]7 M1
=—|ax+—x
4h 3 0
M 4
=—(@*+=h)
4 3
M Al
-5 (3a* +4h?)
10
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7.(a)

(b)

(©

A lng

()

1 )
524mazt§’2 =2mg.3a(l—cos0)

2a6” = g(1—cos 0)

2mgsin @ — X =2m3acos @

M(L), 2mg.3asinf = 24ma’6
in @

=> X = 2mgsin¢9—6ma(gs4m
a

_ mgsmﬁ*
2
0=r:2a0" = g(1-cos )

o= &
a

6a.l =24ma’ \/g
a

= [ =4m+jag

J

M1 Al Al
Al (4)
M1 A2
MI Al
DMI
Al (7)
Ml
Al
M1 Al
Al
(%)
16
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June 2008
6683 Statistics S1
Mark Scheme

Question Scheme Marks
Number
Q1
(@) Positive Test
0.95
Disease
0.02
(0.05) Negative Test
Positive Test
0.03
(0.98) No Disease
(0.97) Negative Test
Tree without probabilities
or labels | M1
0.02(Disease), 0.95(Positive) on correct branchg Al
0.03(Positive) on correct branch.| Al
[31]
(b) P(Positive Test) =0.02x0.95+0.98x0.03 MI1A1ft
=0.0484 Al
3]
Y . . 0.98x0.03
© P(Do not have dlsease| Postive test) =—— M1
0.0484
=0.607438.. awrt 0.607 Al
2]
(d) Test not very useful OR
High probability of not having the disease for a person with a positive test B1
1]
Total 9

Notes:
(a) M1:All 6 branches.
Bracketed probabilities not required.
(b) M1 for sum of two products, at least one correct from their diagram
Alft follows from the probabilities on their tree
121

2500

A1 for correct answer only or

(c) M1 for conditional probability with numerator following from their tree and denominator

their answer to part (b).

Al also for ﬂ
242
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Question Scheme Marks
Number
Q2
(a) 50 B1
1]
(b) 0, =45 B1
0,=50.5 ONLY Bl
0, =63 B1
[31]
c 1469
© Mean :K =52.464286.. awrt 52.5 M1A1
2
Sd— 81213_ 1469 M1
28 28
=12.164.... or 12.387216...for divisor n-1 awrt 12.2 or 12.4 Al
[4]
d 52.46..—-50
sd
2]
(e) 1. mode/median/mean Balmoral>mode/median/mean Abbey
2. Balmoral sd < Abbey sd or similar sd or correct comment from their values,
Balmoral range<Abbey range,
Balmoral IQR>Abbey IQR or similar IQR
3. Balmoral positive skew or almost symmetrical AND Abbey negative skew, Balmoral is
less skew than Abbey or correct comment from their value in (d)
4. Balmoral residents generally older than Abbey residents or equivalent.
Only one comment of each type max 3 marks B1B1B1
3]
Total 13

Notes:

(c) M1for their 1469 between 1300 and 1600, divided by 28,
Al for awrt 52.5 ..

Please note this is BIB1 on Epen

M1 use of correct formula including sq root

Al awrt 12.2 or 12.4

Correct answers with no working award full marks.

(d) M1 for their values correctly substituted

Al Accept 0.2 as a special case of awrt 0.20 with 0 missing
(e) Technical terms required in correct context in lines 1 to 3
e.g. ‘average’ and ‘spread’ BO

1 correct comment B1BOBO0

2 correct comments BIB1B0

3 correct comments BIB1B1
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Question Scheme Marks
Number
Q3
(a) —Ixp+1x0.2+2x0.15+3%x0.15  =0.55 M1dM1
p=04 Al
p+qg+02+0.15+0.15 =1 M1
qg=0.1 Al
[S]
(b) Var(X)= (=1’ x p+1°x0.2+2*x0.15+3%x0.15,-0.55° MIALM1
=2.55-0.3025=2.2475 awrt 2.25 Al
[4]
(c) E(2X-4) =2E(X)-4 M1
=-29 Al
2]
Total 11

Notes:

(a) M1 for at least 2 correct terms on LHS
Division by constant e.g. 5 then M0

dM1 dependent on first M1 for equate to 0.55 and attempt to solve.

Award M1IM1A1 for p=0.4 with no working

M1 for adding probabilities and equating to 1. All terms or equivalent required e.g.

p+q=0.5
Award M1A1 for ¢=0.1 with no working

(b) M1 attempting E(X?) with at least 2 correct terms
Al for fully correct expression or 2.55

Division by constant at any point e.g. 5 then MO

M1 for subtracting their mean squared

Al for awrt 2.25

Award awrt 2.25 only with no working then 4 marks

(c) M1 for 2x(their mean) -4
Award 2 marks for -2.9 with no working
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Question Scheme Marks
Number
Q4 401.3?
() S, =10922.81~- =186.6973 awrt 187 M1A1
2
S, =42.3356— 25.08 =0.40184 awrt 0.402 Al
5, =677.971- 202X 208 _ ¢ 997, awit 700 | aq
15
[4]
(b) _ 6.9974
J186.6973x0.40184 MIATT
=0.807869 awrt 0.808 Al
[3]
(c) t is the explanatory variable as we B1
can control temperature but not frequency of noise or equivalent comment B1
2]
(d) High value of 7 or r close to 1 or Strong correlation B1
1]
M1A1
© b= _ 003748 awrt 0.0375
186.6973
a= 25.08 —-bx 401.3 =0.6692874 awrt 0.669 MIA1
15 4]
) =19, v=0.6692874+0.03748x19=1.381406 awrt 1.4 B1
1]
Total 15
Notes:

(a) M1 any one attempt at a correct use of a formula.
Award full marks for correct answers with no working.
Epen order of awarding marks as above.

(b) M1 for correct formula and attempt to use

Alft for their values from part (a)

NB Special Case for 677.971 MI1AO

J10922.81x42.3356

Al awrt 0.808

Award 3 marks for awrt 0.808 with no working

(c) Marks are independent. Second mark requires some interpretation in context and can
be statements such as ‘temperature effects / influences pitch or noise’

B1 ‘temperature is being changed’ BUT BO for ‘temperature is changing’

(e) M1 their values the right way up

Al for awrt 0.0375

M1 attempt to use correct formula with their value of b

Al awrt 0.669

(f) awrt 1.4

100




Question Scheme Marks
Number
Q5
(a)
A B
3 closed intersecting curves | M1
with labels
100 100,30 | Al
12,10,3,25 | Al
Box | B1
[4]
20
C
b 1 1 10+2 2 4
®) P(Substance C) = 00+100+10+25 = 35 = —7 or exact equivalent M1A1ft
300 300
2]
(c) 10 10 .
P(All3 |4)= = or exact equivalent
(A3 = 107100~ 143 1 M
d 2 1
@ P(Universal donor) = —O = — or exact equivalent M1A1 cao
300 15
2]
Total 10

Notes:
(a) 20 not required. Fractions and exact equivalent decimals or percentages.
(b) M1 For adding their positive values in C and finding a probability
Alft for correct answer or answer from their working
(c) M1 their 10 divided by their sum of values in 4
Alft for correct answer or answer from their working
(d) M1 for ‘their 20’ divided by 300
A1 correct answer only
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Question Scheme Marks
Number
Q6
(a) F(4)=1
(4+k) =25 Mi
k=lask>0 Al
2]
(b) x 2 3 4
P(X=
=) i l i B1{tB1B1
25 25 25 3]
Total 5
Notes:

(a) M1 for use of F(4) = 1 only If F(2)=1 and / or F(3)=1 seen then M0.
F(2)+F(3)+F(4)=1 M0
Al for /=1 and ignore k= -9

(b) B1ft follow through their & for P(X=2) either exact or 3sf between 0 and 1 inclusive.

B1 correct answer only or exact equivalent
B1 correct answer only or exact equivalent
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Question Scheme Marks
Number
Q7
@ z= >3 ; 50 Attempt to standardise M1
P(X>53)=1-P(Z<1.5) 1-probability required can be implied B1
=1-0.9332
=0.0668 Al
131
(b) P(X <x,)=0.01 M1
-50
S 23263 MIBI
x, =45.3474 awrt 45.3 or 45.4 MiA1
(5]
() P(2 weigh more than 53kg and 1 less)=3x0.0668"(1—0.0668) B1M1A1ft
=0.012492487.. awrt 0.012 Al
[4]
Total 12

Notes:

(a) M1 for using 53,50 and 2, either way around on numerator

B1 1- any probability for mark

A1 0.0668 cao

(b) M1 can be implied or seen in a diagram

or equivalent with correct use of 0.01 or 0.99

M1 for attempt to standardise with 50 and 2 numerator either way around
B1 for +2.3263

M1 Equate expression with 50 and 2 to a z value to form an equation with consistent signs
and attempt to solve

Al awrt45.3 or 45.4

(c) Bl for 3,

M1 p*(1 - p) for any value of p

Alft for p is their answer to part (a) without 3
Al awrt 0.012 or 0.0125
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June 2008
6684 Statistics S2
Mark Scheme

Question Scheme Marks
Number
1(a) EX)=5 B1
Var(X) = é(lo -0)° or attempt to use _[ )lc—odx — ,u2 Ml
= @:EZ 128.5 awrt 8.33 Al
12 3 3
3)
(b) 11 ) M1 Al
PX<2)=(2-0)x—=— or — or0.2 (2)
( )= ( ) 10 5 10
©) 1y 1 M1 Al
(—j =0.00032 or or3.2 x 10%o.e. ()
5 3125
(d)
P(X = 8) or P(X>8)
>
P> §|X > 5= L X8 MI
P(X >5) M1
pt
- /10
it
10
2
Tz Al
5
3)
alternative
remaining time ~ U[0,5] or U[5,10] P(X =3 o0or8)= g MIMI Al
5 (Total 10)
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Notes
(a) Bl cao

M1 using the correct formula and substin 10 or 0

(a—b)’
12
or for an attempt at the integration they must increase the power of x by 1 and
subtract their E(X) squared.
Al cao
(b) M1 for P(X < 2) or P(X<2)
Al cao
(c) M1 (their b) °. If the answer is incorrect we must see this. No need to check with your
calculator
Al cao
(d) writing P(X > 8) (may use > sign). If they do not write P(X > 8) then it must be clear
from their working that they are finding it. 0.2 on its own with no working gets MO
M1 For attempting to use a correct conditional probability.
NB this is an A mark on EPEN
Al 2/5
Full marks for 2/5 on its own with no incorrect working

Alternative

M1 for P(X = 3 ) or P(X = 8 ) may use > sign
M1 using either U[0,5] or U[5,10]

Al2/5
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Question Scheme Marks
Number
X ~B(100,0.58)
2 Y~N (58, 24.36) B1 BI1 Bl
[P(X>50) =P(X>51)]
using 50.5 or 51.5 or 49.5 or 48.5 M1
50.5-58
=P|z2t| —— standardising 50.5, 51, 51.5 ,48.5,49, 49.5 and their | M1
V24.36
i and o for M1 Al
=P(z>-1.52..))
Al
=0.9357
alternative )
X ~B(100,0.58)
Y~N (42, 24.36) BI Bl Bl
[P(X<50) =P(X<49)]
using 50.5 or 51.5 or 49.5 or 48.5 M1
49.5-42
=Plz<4H —— standardising 50.5, 51, 51.5 ,48.5,49, 49.5 and their
\24.36 MI Al
u and o for M1
=P(z<1.52..)
=0.9357 Al
(Total 7)
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Notes
The first 3 marks may be given if the following figures are seen in the standardisation
formula :- 58 or 42,
24.36 or \24.36 or \24.4 or awrt 4.94.
Otherwise
B1 normal
B1 58 or 42
B1 24.36
M1 using 50.5 or 51.5 or 49.5 or 48.5. ignore the direction of the inequality.
M1 standardising 50.5, 51, 51.5 ,48.5, 49, 49.5 and their © and ¢ . They may use
V24 or V24.36 or V24.4 or awrt 4.94 for o or the Vof their variance.

Al = 1.52. may be awarded for i(mj or i(M] o0.e.

\V24.36 \24.36

Al awrt 0.936
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Question Scheme Marks
Number
3(a) X~Po(9) may be implied by calculations in part a or b M1
P(X £ 3) =0.0212
P(X = 16) = 0.0220
CRX<3 UX216 Al Al
3)
(b) P(rejecting Ho) = 0.0212 + 0.0220 M1
=0.0432 or 0.0433 Al cao
)
Total 5

Notes
(a) M1 for using Po (9) — other values you might see which imply Po (9) are 0.0550,
0.0415, 0.9780, 0.9585, 0.9889,0.0111,0.0062 or may be assumed by at least
one correct region.
Al for X £ 3or X <4 condone cl or CR instead of X
Al forX 216 or X > 15

They must identify the critical regions at the end and not just have them as part of their
working. Do not accept P(X< 3) etc gets A0

(b) if they use 0.0212 and 0.0220 they can gain these marks regardless of the critical regions
in part a. If they have not got the correct numbers they must be adding the values for their
critical regions.(both smaller than 0.05) You may need to look these up. The most common
table values for lambda = 9 are in this table

x|2 3 4 5 14 15 16 17 18

0.0062 | 0.0212 | 0.0550 | 0.1157 | 0.9585 | 0.9780 | 0.9889 | 0.9947 | 0.9976

Al awrt 0.0432 or 0.0433

Special case
If you see 0.0432 / 0.0433 and then they go and do something else with it eg 1 — 0.0432
award M1 A0
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Question Scheme Marks
Number
4(a) X ~B(11000, 0.0005) M1 Al
(2)
(b) E(X) = 11000 x 0.0005 = 5.5 Bl
Var (X) = 11000 x 0.0005 x (1 —0.0005)
=5.49725 Bl
(2)
(©) X ~Po(5.5) M1 Al
P(X £ 2)=0.0884 dM1 Al
“4)
Total 8

Nofes

(a) M1 for Binomial,
Al fully correct
These cannot be awarded unless seen in part a

(b)B1 cao

B1 also allow 5.50, 5.497, 5.4973, do not allow 5.5

(c) M1 for Poisson
Al for using Po (5.5)
M1 this is dependent on the previous M mark.
P(X<2)
Al awrt 0.0884

It is for attempting to find

Correct answer with no working gets full marks

Special case If they use normal approximation they could get MO A0 M1 AO if they use 2.5

in their standardisation.

NB exact binomial 1s 0.0883
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Question Scheme Marks
Number
5(a) X~B(15,0.5) B1 Bl
2
P(X=8)=P(X<8) PX<T o |(pmda=p)
) ) ) s T MI
=0.6964 - 0.5
=0.1964 awrt 0.196 Al
)
© PX24)=1-PX < 3)
B B M1
=1-0.0176
=0.9824 Al
2
(d)
H,:p=0.5 BI
H, :p>0.5
1:p B1
X~B(15,0.5)
PX>13)=1-P(X<12) [P(X>12)=1-0.9824=0.0176] att P(X > 13) Ml
=1-0.9963 (X>13)=1-0.9963 =0.0037
=0.0037 CRX>13 awrt 0.0037/ CR X> 13 Al
0.0037 <0.01 1B>13
Reject Hy or it is significant or a correct statement in context from their values M1
There is sufficient evidence at the 1% significance level that the coin is biased in favour of Al
heads (6)

Or
There is evidence that Sues belief is correct
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Notes

(a) B1 for Binomial
B1 for 15 and 0.5 must be in part a
This need not be in the form written

(b) M1 attempt to find P ( X = 8) any method. Any value of p
Al awrt 0.196
Answer only full marks

(c)Ml for 1 -P (X<3).
Al awrt 0.982

(d) B1 for correct Hy. must use p or 7
B1 for correct H; must be one tail must use p or 7
M1 attempt to find P(X> 13) correctly. E.g. 1 — P(X<12)
A1l correct probability or CR

To get the next 2 marks the null hypothesis must state or imply that (p) = 0.5

M1 for correct statement based on their probability or critical region or a correct
contextualised statement that implies that. not just 13 is in the critical region.

A1 This depends on their M1 being awarded for rejecting Ho. Conclusion in
context. Must use the words biased in favour of heads or biased against tails
or sues belief is correct .
NB this is a B mark on EPEN.

They may also attempt to find P(X' < 13) = 0.9963 and compare with 0.99
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Question Scheme Marks
Number
6(a) Calls occur singly any two of the 3 B1
Calls occur at a constant rate only need calls B1
Calls occur independently or randomly. once 2)
(b) () X~ Po(4.5) used or seen in (i) or (ii) Ml
P(X=5)=P(X=5-PX =<4 Ml
=0.7029 —0.5321
=0.1708 Al
3)
(i) P(X>8)=1-P(X<238) Ml
=1- 0.9597
= 0.0403 Al
2
(c)
Ho:A=9(Q=18) may use Aor L
HI :A2>9 (> 18) Bl
X ~Po(9) may be implied Bl
PX>14)=1-P(X<13) | [P(X=14)=1-0.9261=0.0739] attP(X>14) |P(X> M
15)
=1-0.9261 P(X>15)=1-0.9780 = 0.0220
=0.0739 CR X >15 awrt 0.0739 Al
0.0739 > 0.05 14<15
Accept HO. or it is not significant or a correct statement in context from their values Mi
There is insufficient evidence to say that the number of calls per hour handled by the agent
has increased. Al
(6)

Notes

(a) B1 B1 They must use calls at least once. Independently and randomly are the

same reason.
Award the first B1 if they only gain 1 mark.

Special case if they don’t put in the word calls but write two correct statements award BOB1

(b) correct answers only score full marks

(i) M1 Po (4.5) may be implied by them using it in their calculations in (i) or (ii)

)
e A’

Ml for P(X <5)-P(X<4)or S!
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Al only awrt 0.171

(i) Mlforl— P (X =38)
Al only awrt 0.0403

(c) B1 both . Must be one tail test. They may use A or 1 and either 9 or 18 and match HO
and H1

M1 Po (9) may be implied by them using it in their calculations.
MI attempt to find P(X>14)eg 1 —P(X <13) or1-P(X<14)
Al correct probability or CR

To get the next2 marks the null hypothesis must state or imply that (A) =9 or 18

M1 for a correct statement based on their probability or critical region
or a correct contextualised statement that implies that.

A1. This depends on their M1 being awarded for accepting HO. Conclusion in context. Must
have calls per hour has not increased. Or the rate of calls has not increased.

Any statement that has the word calls in and implies the rate not increasing

e.g. no evidence that the rate of calls handled has increased

Saying the number of calls has not increased gains A0 as it does not imply rate

NB this is an A mark on EPEN

They may also attempt to find P(X < 14) =0.9261 and compare with 0.95
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Question Scheme Marks
Number
7(a)
i 1,7
J. —xdr=|—x"| =~ oe attempt to integrate both parts Ml
02 4 1, 4
I kx” dx ka =4k——k oe both answer correct Al
1
1 1 . . dMl1dep on
—+4k _Zk =1 adding two answers and putting = 1 previous M
15k _3
4 4
1 * Al
k=—
5 ()
1
J.llxz dx = l)c3 = l attempt to integrate xf(x) for one part M1
(b) 02 6 ., 6 p g p
1/6
) Al
jzl 4 Qe = [ij} 32 1
5 25 ], 25 25
=—orl.24 Al
1 1
E(X) = g + %
_2_ 61y 406 Al
150 150 4)
(c)
x1 . .
F(x) =I0 Et dt (for0<x<1) ignore limits for M -
_1 -
= Zx must use limit of 0 Al
x1 1
F(x) :.[1 gtj dt;+J.015t dt (for1<x<2) need limit of 1 and variable upper M1: M1
limit; need limit
0and 1
N
= —x'+— Al
20 5
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(d)

(e)

0 x<0
1,
—X 0<x<l1
F(x) { 4 { middle pair
—x*+ = I<x<2 ends
20 5
1 x>2
F(m)=0.5 either eq
i m* + l =0.5 eq for their 1<x<2
20

m= 36 or1.57 or awrt 1.57

negative skew

This depends on the previous B1 being awarded. One of the following statements which
must be compatible with negative skew and their figures. If they use mode then they must
have found a value for it

Mean < Median

Mean < mode

Mean < median (< mode)

Median < mode

Sketch of the pdf.

Bl ft
B1

(7

Ml
Alft

Al
€)

Bl

dB1
@)

Notes

(a) M1 for adding two integrals together =1, ignore limits
Al for correct integration, ignore limits
M1 using correct limits
Al cso

(b) M1 attempting to use integral of x f(x)
Al correct two integrals added with limits
A1 correct integration ignore limits
Al awrt 1.41

1
(c) M1 Att to integrate Et (they need to increase the power by 1). Ignore limits for
method mark
1
Al sz allow use of t. must have used/implied use of limit of 0. This must be on its

own without anything else added

: x 1 -
M1 att to integrate L gt3 dt and correct limits.

1]
Ml J-o Et dt+  Att to integrate using limits 0 and 1. no need to see them put 0

in.
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x1
they must add this to their L gis dt . may be given if they add 1/4

Alternative method for these last two M marks
M1 for att to J %f dt and putting + C

Ml use of F(2) = 1to find C

1

1
Al —x* +§ must be correct

20
B1 middle pair followed through from their answers. condone them using < or <
incorrectly they do not need to match up

B1 end pairs. condone them using < or <. They do not need to match up

NB if they show no working and just write down the distribution. If it is correct they get full
marks. If it is incorrect then they cannot get marks for any incorrect part. So if 0<x<1 is
correct they can get M1 Al otherwise MO AO. if 3<x<4 is correct they can get M1 A1A1
otherwise MO AOAO. you cannot award B1ft if they show no working unless the middle
parts are correct.

(d) M1 either of their ~-x2 or ——x%+1=0.5
4 207 5
Al for their F(X) 1<x<2=0.5

Al cao

If they add both their parts together and put = 0.5 they get MO
If they work out both parts separately and do not make the answer clear they can get M1 Al
A0

(e) B1 negative skew only
B1 Dependent on getting the previous B1. their reason must follow through from their
figures.
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June 2008
6691 Statistics S3
Mark Scheme

Question Scheme Marks
number
_ (6046
l.(a)| x 2(— =j167.94... awrt 168 B1
36
, 1016338-36xx"
sT= Ml
35
=27.0253.... awrt 27.0 Al 3)
(Accept 27)
. — 5.1
(b) 99% Confidence Interval is: X +2.5758 % NG MI1A1ft
2.5758 Bl
=(165.755...,170.133...) awrt (166,170) Al Al (5)
8 marks
(a) Ml for a correct expression for s* , follow through their mean, beware it is very “sensitive”
999.63..
167.94 — — 28.56...
1483.24.. These would all
167.9 —)T—)4237 score M1AO
274
168 —_— — 7.82
35
Use of 36 as the divisor (= 26.3... ) is MOAO
o : . S5.1ors , .
(b) Ml for substituting their values in x £ z X where z is a recognizable value from tables

V36

1" A1 follow through their mean and their z (to 2dp) in X £ z x

36

2
Beware: 167.94+2.5758x 5316

Correct answer only in (b) scores 0/5

2" & 3™ A marks depend upon 2.5758 and M mark.

— (166.07..,169.8..) but scoresBIMOAOAOAOQ
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Question Scheme Marks
115x70 1150 1265 1020 1122
2. —X:37.0967... or (etc) , , Ml
31 31 31 31
Expected (Obs) A S H
Boy 37.1 (30) 37.1 (50) 40.8 (35)
Girl 32.9 (40) 32.9 (20) 36.2 (42)
AlAl
H, : There is no association between course and gender
H, : There is some association between course and gender (both) |BI
2 2 2 2

(O—E) (37.1—30) (32.9—40) (36.2—42)

> = + +ot MIALlft
E 37.1 32.9 36.2
= 1.358 +4.485+0.824 + 1.532 + 5.058 + 0.929 = 14.189...  awrt 14.2 Al
V:(3—1)(2—1)=2, ;522(1%) critical value is 9.210 (condone 9.21) |BI, Blft
Significant result or reject null hypothesis Ml
There is evidence of an association between course taken and gender Alft (11)
[Correct answers only score full marks] 11 marks
% 30° 407 427
ALT — - N=——t—-+.. +——-217 MI1A1lft

E 371 329 7362

row total x col total
1% M1 for some use of the formula

grand total

Use of p or “correlation” is BO but allow ISW.

3 Al follow through expected frequencies for at least 3 expressions

or assume that they were correct. Must mention courses and gender

P™ A1 for all expected frequencies correct to awrt 1 dp (Allow exact fractions)

1" A1 for one correct row or one correct column of expected frequencies to nearest integer

1" B1 for hypotheses. Independence is OK. Must mention courses and gender at least once.

P™ M1 for an attempt to calculate test statistic. At least one correct expression, ft expected freq.

3" M1 for a correct statement relating their test statistic and their cv (may be implied by comment)

5™ A1 for a contextualised comment relating their test statistic and their cv. Ignore their H, or H,
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Question Scheme Marks
number
3@ @ 1 + (ii) o+ (i) Bl
+ -
+ + (i) B1B1 (3)
+ +
+ +
(b)(i) MIM1
A B C D E F G
Rank (Judge 1) 1 4 2 3 5 6 7
Rank (Judge 2) 1 2 4 3 5 7 6
d? 0 4 4 0 0 1 1
> d*=10 |MIAl
6x10 5 23
poele—— e 212 =22 or awrt0.821 MIAL  (6)
7 x (49 - 1) 28 28
(ii) Hy:p=0 H:p>0 (Allow py) (H, : p# Oscores BO) |BI,Bl
7, 5% one tail critical value is 0.7143 Bl
Significant result or reject null hypothesis Ml
There is evidence of a (positive) correlation between the judges or the judges agree Alft (5)
14 marks

(a) (1)
(i)

(b))

(i)

1" B1 for 5 or more points on a straight line of positive gradient

2" B1 for 4 or more points satisfying -1<r< 0

3Bl for 5 or more points of decreasing ranks not on a straight line

1" M1 for attempting to rank one of the judges (at least 2 correct rankings)

2" M1 for ranking both (may be reversed) (at least 2 correct rankings)
39MI for attempting d?.
1ALl for Y d*=10

4" M1 for correct use of the 7, formula

3 B1 for the correct critical value - depends upon their H;: o >0 needs 0.7143, p#0 , 0.7857

The H; may be in words so BOBI is possible. If no H; award for 0.7143 only.

5" M1 for a correct statement relating their 7, and their cv (may be implied by correct comment)

3™ Alft follow through their 7, and their cv. Comment in context. Must mention judges.

Don’t insist on “positive” and condone it if they are using p # 0.
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Question Scheme Marks
number
4.() | X =M, +M,+M;+M, ~N(336,22%) 1= 336 |Bl
o? =227 or484 |Bl
poc<- Pz <3030 o
=P(Z<0.64) awrt 0.64 Al
= awrt 0.738 or 0.739 Al
&)
(b) M~N(84, 121) and W~N(62, 100) LetY=M — 1.5W Ml
E(Y)=84-1.5x62=-9 Al
Var(Y) = Var(M)+1.5* Var(W) M1
=117 +1.5* x10% = 346 Al
P(Y<0), =P(Z<048...)= awrt 0.684 ~ 0.686 M1, Al
(6)
11 marks
(a) | 2Bl for =22 oro” =22%0r 484
M1 for standardising with their mean and standard deviation (ignore direction of inequality)
(b) 1" M1 for attempting to find Y. Need to see * (M -1 .SW) or equiv. May be implied by Var(Y).

1" A1 for a correct value for their E(Y) i.e. usually +9. Do not give M1A1 for a “lucky” + 9.

2" M1 for attempting Var(Y) e.g. +1.52x10% or 117 +1.5*x...

3"MI1 for attempt to calculate the correct probability. Must be attempting a probability > 0.5.

Must attempt to standardise with a relevant mean and standard deviation

Using 6, =11 or 6, =10 is not a misread.
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Question Scheme Marks
number
5. (a)| Only cleaners - no managers i.e. not all types. OR Not a random sample Blg
1* 50 may be in same shift/group/share same views. OR Not a random sample Blh (2)
(Allow “not a representative sample” in place of “not a random sample”)
(b)(1) | Label employees (1-550) or obtain an ordered list Bl
Select first using random numbers (from 1 - 11) Bl
Then select every 11™ person from the list B1
(i1) Label managers (1-55) and cleaners (1-495) Ml
Use random numbers to select... Ml
...5 managers and 45 cleaners Al (6)
(©) 390, 372 (They must be in this order) B1,B1(2)
10 marks
After 1 B1, comments should be in context, i.e. mention cleaners, managers, types of worker etc
(a) 1 Blg for one row
2" B1h for both rows. “Not a random sample” only counts once.
Score BIBO or B1B1 or BOBO on EPEN
(b)) | 1¥ Bl for idea of labelling or getting an ordered list. No need to see 1-550.
2" B1 selecting first member of sample using random numbers (1-11 need not be mentioned)
3Bl selecting every nth where n=11.
(i1) 1" M1 for idea of two groups and labelling both groups. (Actual numbers used not required)

2" M1 for use of random numbers within each strata. Don’t give for SRS from all 550.

“Assign random numbers to managers and cleaners” scores MOM 1

Al for 5 managers and 45 cleaners. (This mark is dependent upon scoring at least one M)
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Question Scheme Marks
Ox11+1x21+... 223 223
6. (a) p= o =222 20223 (% (Accept =22y | M1, Alcso(2)
10><(11+21+...) or 10x100 1000 1000
® | r=(0.8)"x100 = 10.7374 awrt 1074 | MIAI
=, (0.8)" x(0.2)"x100 =30.198... awrt 30.2 Al
t=100-[r+s+26.84+20.13 +8.81]= awrt 3.28 Alcao
“
(c) H, : Binomial ([# =10], p = 0.2) is a suitable model for these data Bl
H, : Binomial ([# =10], p = 0.2) is NOT a suitable model for these data Bl
)
(d) Since ¢ <5, the last two groups are combined M1
and v=4=5-1 Al
)
(e) Critical value y 42(5%) =9.488 Bl
Not significant or do not reject null hypothesis M1
The binomial distribution with p = 0.2 is a suitable model for the number of
cuttings that do not grow Al
3) 13 marks

(b)

(©)

(d)

(e)

Ml Must show clearly how to get either 223 or 1000. As printed or better.
Alcso for showing how to get both 223 and 1000 and reaching p = 0.223
M1 for any correct method (a correct expression) seen for 7 or s.
1" A1 for correct value for  awrt 10.74
2" A1 for s = awrt 30.2
3" Al for #=3.28 only
B1 for each. The value of p must be mentioned at least once. Accept B(10, 0.2)
If hypotheses are correct but with no value of p then score BOB1
Minimum is X~B(10, 0.2). If just B(10, 0.2) and not B(10, 0.2) award B1B0
Ml for combining groups (must be stated or implied by a new table with combined cell seen)
Al for the calculation4 =5 -1
M1 for a correct statement based on 4.17 and their cv(context not required) (may be implied)
Use of 4.17 as a critical value scores BOMOAO

Al for a correct interpretation in context and p =0.2 and cuttings mentioned.
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Question Scheme Marks
number
7.(a) | Ho:pp =y Hy:pp # py (Allow gy and ) Bl
6.86—5.48
z= M1 Al
4.512 ,3.62°
200 100
=2.860... awrt (+)2.86 |Al
2 tail 5% critical value (+) 1.96 (or probability awrt 0.0021~0.0022) B1
Significant result or reject the null hypothesis (o.e.) Ml
There is evidence of a difference in the (mean) amount spent on junk food by
male and female teenagers Alft
(7
(b) CLT enables us to assume F and M are normally distributed B1 )
8 marks
st a-b .
(a) 1" M1 for an attempt at with 3 of @, b, c or d correct
c
+
\/100 or 200 100 or 200
1" A1 for a fully correct expression
2" B1 for + 1.96 but only if their H, is two-tail (it may be in words so BOB1 is OK)
If H, is one-tail this is automatically BO too.
2" M1 for a correct statement based on comparison of their z with their cv. May be implied
3" Al for a correct conclusion in context based on their z and 1.96.
Must mention junk food or money and male vs female.
(b) Bl for F or M mentioned. Allow “mean (amount spent on junk food) is normally distributed”

Read the whole statement e.g. * original distribution is normal so mean is...” scores BO
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June 2008
6686 Statistics S4
Mark Scheme

Marks
Question Number Scheme
la E(6) = E(X,)+E(X,) +E(X))
3
— 3_ﬂ
3
=u Bias =0 allow unbiased Bl
E(&) = E(‘XIO) - E()(1)
3
= 1/3(L)
=0 Bias = -u callow £ B1,B1
E(6y) - 3E(X,)+2E(X,)+E(X,,)
6
_3u+2pu+p
6
= U Bias =0 . allow unbiased Bl
“4)
b Var(6) = é {(Var X;) + Var(X3) + Var(Xy)} Ml
= %{oa F+ F)
= 12 Al
3
2 Bl
Var(&) = 9 o
1 Ml
Var(6) = g{go2 +40° + o)
7 Al
- Lo
18
(5)
ci) @, is the better estimator. It has a lower var. and no bias B1 depB1
ii) 6 is the worst estimator. It is biased Bl depBl
“)
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Marks

Question Number Scheme
2a Hi:oxv =0 Hy: oy #03 B1
S’ =225 sg’ =21.6 awrt M1 AlAL
2 MI1 Al
2= 1.04
S2
F(8,6):4-15 Bl
1.04 <4.15 do not reject Hy, The variances are the same. B1
()
b Assume the samples are selected at random, (independent) B1
(1)
c 8(22.5)+6(21.62 MI1 Al
5= (22.5) +6( ) _21 awrt 22.1
14
Ho: pa=us Hy:pa# s B1
o 40.667 —39.57 MI
1 1
N22.12 \/ —+—
9 7
=0.462 0.42-0.47 Al
Critical value = #4(2.5%) = 2.145 Bl
0.462 <2.145 No evidence to reject Hy. The means are the same B1
()
d Music has no effect on performance B1
(1)
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Marks
Question Scheme
Number
3 Di_fferences 21 -0726 -1733161712 1.6 24 Ml
d =141 M1
Ho:,le=0 H1:,le>0 B1
40.65-10x1.412 Mi
s=\/ 2 15101,
9
1.41 M1 Al
t=——— =2935... awrt 2.94 /2.93
1.519...
J10
to (1%) =2.821 Bl
2.935..>2.821 Evidence to reject Hy. There has been an increase in the mean weight Blft
of the mice.
3

2 sample test can score
MO MO

Bl forHo: pa=us Hiipa< s

9%x24.5+9x%x17.16
18

Ml

MO A0
B1 2.552
B1 ft

ie 4/8
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Marks

Question Scheme
Number _
4a x=668.125 5= 84.428 M1 M1
T7(5%) = 1.895 B1
1.895x84.428 M1
Confidence limits = 668.125 + j/_—s
=611.6 and 724.7 AlA1
Confidence interval = (612, 725)
(6)
b Normal distribution Bl
(1)
c £650 is within the confidence interval. No need to worry. B1VBI Y
2)
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Question Scheme Marks
Number
Sa
: (15x0.003 15><0.003j Ml
Confidence interval = , BIB1
27.488 6.262
=(0.00164, 0.00719) Al Al
()
b 0.07> =0.0049 Ml
0.0049 is within the 95% confidence interval. Al
There is no evidence to reject the idea that the standard deviation of the volumes is not Al
0.07 or The machine is working well.
3)
Question Scheme
Number Marks
6a Ho p=035 H;:p#035 BI Bl
(2)
b Let X = Number cured then X ~ B(20, 0.35) Bl
a=P(Type I error) =P(x <3) +P(x > 11) given p= 0.35 M1
=0.0444 + 0.0532
=0.0976 Al
3)
c S=P( Type Il error) = P(4 <x < 10) M1
P 0.2 0.3 0.4 0.5
p 0.5880 0.8758  0.8565 0.5868 AlAl
3)
d Power=1-8B Ml
0.4120 0.1435 Al
2)
e Not a good procedure. B1
Better further away from 0.35 or Bldep
This is not a very powerful test ( power =1 - f) (2)
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Question

Scheme Marks
Number
7a Ho: =230 H,:u<230 Bl
v=9
From table critical value = & 1.833 B1V
x=2283 §=17.858 Bl Bl
1= XH
TS M1
Jn
228.3-230
=+ —— = £0.301
17.858 Al
J10
+0.301 > £ 1.833. No evidence to reject Ho. Mean is 230 N/mm’ B1
(7)
b Since the tensile strength is the same and the price is cheaper recommend use new B1
supplier.
(1)
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June 2008
6689 Decision Mathematics D1

Mark Scheme
Question Scheme Marks
Number
Ql
(a) | 302 _ 5.02 so 6 tapes. Ml
100 Al (2)
(b) | Bin 1: 29. 52 Bin 5: 47, 38 MI1
Bin 2: 73 Bin 6: 61
Bin 3: 87 Bin 7: 41 Al
Bin 4: 74
Al (3)
(¢) |Bin 1: 87 Bin4: 61, 38
Bin 2: 74 Bin 5: 52, 47 M1
Bin 3: 73 Bin 6: 41,29
Al
Al
(3)
Notes:
(a)  1MI1: (502 £40) =100 (maybe implicit) Total 8
LA1: cao 6 tapes
(b)  1MI1: Bin 1 correct and at least 8 values put in bins
1A1l: Condone one error. (e.g. extra, omission. ‘balanced’swap).
2A1: All correct
(c) IMI: Bin 1 correct and at least 8 values put in bins
1A1l: Condone one error. (e.g. extra, omission. ‘balanced’swap).
2A1: All correct
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Question Scheme Marks
Number
Q2
(a) | G-5=W -3 changestatus G=5-W=3 MI1 Al
)
(b) | A —no match
E =2 Al
G =5
R =4 (1)
W =3
(c) | e.g. Ris the only person who can do 1 and the only person who cando 4 |B2,1,0
(2)
(d) A-2=E-3=W-4=R-1
change status A=2-E=3-W=4-R=1 MI1 Al
A =2
E =3
G =5 Al (3)
R =1
W =4 Total 8
Notes:

(a) 1MI1: Path from G to 3

1A1l: CAO including change status ( stated or shown), chosen path
clear.

2A1: CAO must ft from stated path

IB1: Correct answer, may be imprecise or muddled (bod gets B1)

but all nodes refered to must be correct.

2B1: Good, clear. correct answer.

(d) 1MI1: Path from A to 1
1A1: CAO including change status (stated or shown) but don’t
penalise twice. Chosen path clear.
1A1: CAO must ft from stated path

(b)
(©)

Misread (remove last two A or B marks if earned.)

A-2=E-3 cs.A=2-E=3 MatchingA=2.E=3,R=4W=35
Then
G-5=W-4=R-1c¢s.G=
Matching A=2, E=3. G=5.
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Question Scheme Marks
Number
Q3
(a)
D48 _ 1" G | 6|19
;.w 8 \\RH”‘“‘*-R_ 19 \ M1
8 I.'lll \ T ~— \
I."l \ h_‘“‘“nhh 5 A
."f \\‘ ) H| s |ar‘
/ N TR L
-\| 1 ||| f.' 3 C | |{ 14 |.| 5 | 18 ______————“ ."I 3% 37 g6 I‘.
o \'I. 6 w18 I". }f i'\\ Al
Hﬁ, "ll / 4
\', '|'|, .I'J I"||I2
\ I\,a f1a \
\ \ I|,' "."
ll'l.lll Ilil ,n"l \
Y !
".| Fa 3|7 R AERE ll‘.| 1|9 |48 | Alft
Route: ADGHI Al
Length: 48 (km) Alft
(3)
(b) | 0dd vertices are A and H Bl
Attempt to find shortest route from A to H = ADGH Ml )
New length: 197 + 36 =233 Alft
Route: e.g. ADGHGDACEDHIFHEFBA (18) Al (4)
Total 9

Notes:
(a) 1M1: Smaller number replacing larger number in the working
values at E or F or H or I. (generous — give bod)
1Al: All values in boxes A to E and G correct
2A1ft: All values in boxes F, H and I correct (ft). Penalise order of
labelling just once.
3A1: CAO (not ft)
4A1ft: Follow through from their I value. condone lack of units here.

(b) 1B1: A and H identified in some way — allow recovery from M
mark.
IM1: Accept, if correct, path, or its length. Accept attempt if finding
shortest.
1A1ft: 197 + their shortest A to H (36)
2A1: A correct route.
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Question Scheme Marlks
Number
Q4
(a) |e.g.
e Prims starts with any vertex, Kruskal starts with the shortest arc.
e It is not necessary to check for cycles when using Prim. B2. 1.0
¢ Prims adds nodes to the growing tree, Kruskal adds arcs. (2)
e The tree ‘grows’ in a connected fashion when using Prim.
e Prim can be used when data in a matrix form.
Other correct statements also get credit.
(b)) | e.g. AC. CF. FD, DE. DG. AB. ML Al
Al (3)
(i) | CF. DE. DF. not CD. not EF. DG. not FG. not EG. AC. not AD, AB. ML AL
[18. 19. 20.not21. not21.22.not23. not24. 25. not26, 27] Al (3)
Total 8

Notes:
(a) 1B1: Generous one correct difference. If bod give Bl
2B1: Generous two distinct, correct differences.
(b) IM1: Prim’s algorithm — first three arcs chosen correctly, in order, or
first four nodes chosen correctly. 1n order.
1A1: First five arcs chosen correctly: all 7 nodes chosen correctly, in

order.

All correct and arcs chosen in correct order.

Kruskal’s algorithm — first 4 arcs selected chosen correctly.

All six non-rejected arcs chosen correctly.

All rejections correct and in correct order and at correct time.

2A1:
2MI:

1A1:
2A1:
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Question Scheme Marks
Number
Q5
(a) |x=9, y=11 B1.B1(2)
(b) | AC DC DT ET B2.1.0 (2)
(c) |36 Bl (1)
(d) | C;=49., C,=48., C;=39 B1.B1.B1
(3)
(e) |e.g. SAECT Bl (1)
(f) | maximum flow = minimum cut MI1 Al
cut through DT, DC. AC and AE (2)
Total 11

Notes:

(a) IB1: cao (permit B1 if 2 correct answers. but transposed)
2Bl1: cao

(b) 1B1: correct (condone one error — omission or extra)
2B1: all correct (no omissions or extras)

(c) IBI1: cao

(d) 1B1: cao
2B1: cao
3BI1: cao

(e) 1BL: A correct route (flow value of 1 given)

(f) IM1: Must have attempted (e) and made an attempt at a cut.
1A1: cut correct — may be drawn. Refer to max flow-min cut theorem

three words out of four.
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Question Scheme Marks
Number
Q6
b.v X y z R S t value
(a) T 4 7 5 64
S 1 3 0 0 1 0 16
t 4 2 2 0 0 1 60
P -5 7 -4 0 0 0 0
2
b.v X y zZ R s t value | Row ops
T 0 1 1 1 0 -1 4 R;-4R; || M1 Al
3 2
s 0 3 1 0 1 1 1 R,—R; || Ml
2 2 4 Alft Al
X 1 1 1 0 0 1 15 R; +4
2 2 4
P 0 -1 3 0 0 5 75 | Ry +5R;
2 4
b.v X y z R S t value | Row ops
z 0 2 1 2 -2 8 R, -] M1 Alft
= =5
S 0 17 0 1 1 5 5 R, L1 R, M1 Al
6 4 2
X 1 1 0 -1 0 5 11 R, - lRL
6 4 2 (9)
3 7 3
P 0 0 0 0 7 87 Ry +2R,
4 2
Ol | | ,
There 1s still a negative number in the profit row. Bl (1)
Total 10
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Question Scheme Marks
Number
Q7
(a)| v=16 w=25 x=23 y=20 z=38 B3.2.1.0
3)
(b) BCGLMQ Bl (1)
(c) |Floaton H=23ft—19-3=1 Bl
Floaton J=25-22-2 =1 Bl (2)
(d)
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34
B C G L i Q
NEEE
D = M1
E
3 Al
Al
N
P Al
(4)
(e) | E has one day of float, so project can still be completed on time. B2.1.0
)
®|ee
e Aftime 23 ' activities L, I, J and N must be taking place B2.1.0
e Attime 13 Y2 or 14 %2 activities C, D, E and F must be taking place (2)
So 4 workers needed.
Total 14
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Question Scheme Marks
Number
Q8
Maximise (P=)02a+0.15b or 20a +15b o.e. B1B1(2)
Subject to
a+b=800 Bl
az=2b B2.1.0
50<b<100 Bl
a = 0 Bl
(5)
Total 7
Notes:

1B1: “Maximise’

2BI1: ratio of coefficients correct

3B1: cao

4B1: ratio of coefficients of @ and b correct.

5B1: inequality correct way round 1.e. la= b

6B1: cao accept < — accept two separate inequalities here
7B1: cao

e Penalise < and > only once with last B mark earned
* Be generous on letters a. b, A, B. X, y etc and mixed. but remove

last B mark earmned if inconsistent or 3 letters in the ones marked.

140




June 2008
6690 Decision Mathematics D2
Mark Scheme

Question Scheme Marks
Number
Q1

(a) | A walk is a finite sequence of arcs such that the end vertex of one arc is the start vertex of | B2,1,0

the next.
(b) | A tour is a walk that visits every vertex, returning to its stating vertex. B2,1,0
“)
Total 4

Notes:
(a) 1B1: Probably one of the two below but accept correct relevant
statement— bod gets B1, generous.
2B1: A good clear complete answer: End vertex=start vertex + finite.
(b) 1B1: Probably one of the two below but accept correct relevant
statement— bod gets B1, generous.
2B1: A good clear complete answer: Every vertex + return to start.

From the D1 and D2 glossaries

D1
A path is a finite sequence of edges, such that the end vertex of one edge in the sequence is
the start vertex of the next, and in which no vertex appears more than once.

A cycle (circuit) is a closed path, ie the end vertex of the last edge is the start vertex of the
first edge.

D2

A walk in a network is a finite sequence of edges such that the end vertex of one edge is the
start vertex of the next.

A walk which visits every vertex, returning to its starting vertex, is called a tour.
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Question Scheme Marks
Number
Q2
(a) | Total supply > total demand B2,1,0 (2)
(b) | Adds 0, 0 and 5 to the dummy column B2,1,0 (2)
(©) L |E|D Bl (1)
A[35]20
B 40 | 5
(d) 80 70 20 M1 Al
L E D
0 |A]35 20
201 B 40 5
Iap=0—0- 20 =-20 AL B)
IBL:60+20—80:0
L |E D M1
A]35/20-6 |6
B 40+0 | 5-0
0 = 5 ; entering square is AD; exiting square is BD
80 70 O Alft
L |E|D )
0 |A]35]|15]5 Blft
201 B 45
I, =60+20-80=0 Bift (2
IBDIO +20-0 =20
(®) | Costis (£) 6100 Bl (1)
Total 13
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Question Scheme Marks
Number
Q3
(a) | Maximin : we seek a route where the shortest arc used is a great as
possible.
Minimax : we seek a route where the longest arc used is a small as B2,1,0 (2)
possible.
(b)
Stage | State | Action | Dest. Value
G GR R 132%
1 H HR R [175* MIAL(2)
| IR R 139*
D DG G min (175,132) =132 MIAI
DH H min (160,175) = 160*
2 E EG G min (162,132) =132
EH H min (144,175) = 144* Al (3)
EI I min (102,139) = 102
F FH H | min (145,175) = 145*
FI 1 min (210,139) = 139
A AD D min (185,160) = 160*
AE E min (279,144) = 144 MI1ATft
3 B BD D min (119,160) =119
BE E | min (250,144) = 144* Alft
BF F min (123,145) = 123
C CE E min (240,144) = 144
CF F min (170,145) = 145%
L LA A min (155,160) = 155%* Alft
4 LB B min (190,144) = 144
LC C min (148,145) = 145
L Alft (5)
Maximin route: LADHR
Total 12
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Marks

Question Scheme
Number
Q4
(a) | For each row the element in column x must be less than the element in column y. B2,1,0
2)
Row minimum {2,4,3} row maximin = 4
(b) | Column maximum {6,5,6} column minimax =5 Ml
4 £ 5 so not stable Al
Al (3)
Row 3 dominates row 1, so matrix reduces to
(c)
M1 | M2 | M3
L2 |4 5 6
L3 [6 [4 |3 Bl
Let Liz play 2 with probability p and 3 with probability (1- p)
If Mark plays 1: Liz’s gainis 4p+6(1-p)=6—-2p Ml
If Mark plays 2: Liz’s gainis 5p+4(l-p)=4+p
If Mark plays 3: Liz’s gainis 6p+3 (1-p)=3+3p Al (3)
i ) B2, 1t, 0
; )
0 1 Ml
Al
44+p=6-2p
2
p= § Alft
) | Al 4
Liz should play row 1 —never, row 2 - — of the time, row 3 - — of the time
(d) 3 3 Bl
.2 Bl (2
and the value of the game is 45 to her. Total 16

Row 3 no longer dominates row 1 and so row 1 can not be deleted.
Use Simplex (linear programming).
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Question Scheme
Q5
(a) | Since maximising, subtract all elements from some n > 53
5 4 11 11
M1 Al
0 4 2 3 2)
2 0 5 5
6 3 7 10
M1 Alft
1 0 7 7 1 0 5 4 )
0 4 2 3 0 4 0 O
Reduce rows then columns
2 0 5 5 2 0 3 2
30 4 7 30 2 4
Ml
Minimum element 1
Alft
Alft (3)
0 0 4 3
0 500
1 0 2 1
2 01 3 Ml
O Alft
Alft (3)
(b) 01 43 0 0 3 2 MI Alft 2)
06 00 1 6 00 MIAL(2)
Total 14
0 01 O 1 01 0
1 0 0 2 _2 0 0 2
Joe A | A
Min-Seong | C | D
Olivia D |B
Robert B | C
Value £197 000
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Question Scheme Marks
Number
Q6
(a) | GH(38) GF(56) CA(57) EC(59) FE(61) CD(64) CB(68) MI1A1(2)
(b) | 2x403 = 806 (km) Bl (1
(c) | e.g. DH saves 167 M1 Al
AB saves 23
806 — 190 =616 (km) Al
Al 4)
(d) M1 Al
eg ABCEFGHDCA Al (3
B C A E F G H D B
()| 68+57+98+61+56+38+111+108 = 597 (km)
Delete C MI
Al
Ml
Alft 4)
® B2,1,0 (2)
® D Total 16

RMST weight = 444
Lower bound =444 + 59 + 57 = 560 (km)

560 < length < 597
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