L6 Further Mathematics January Exam Teacher X 23-24 SOLUTIONS [51]

@)

@) [2by4or2x4 B1 12
[1]
(ii) 1 4 B1 12 condone poor/omitted brackets just
here
- 0o 2
(P*=)
2 =2
2 3
[1]
(b) @ 0 Bl 2.5 | Do not allow (4, 0)
[1]
© | ® |5 Bl 2.2a
(1]
(c) | () |6by4 Bl 22a
[1]
(¢) | (iii) | No because the number of columns in A (is 5 B1 2.4 | Must include “number of” oe Accept (4 X 5) X (6 X 4) and “5 #
which) is not equal to the number of rows in If numbers used, must have a word | 67
matrix B(which is 6) (and for the matrices to be to imply comparison (eg “while”,
conformable these have to be the same.) “but” rather than “and™) numbers given must be correct
[1]
@) [ 2 3 j[ c 5 J [ 30-2¢ 29 ] M1 1.1 | Attempt at multiplication in both Can be implied by correct linear
= and directions sufficient to obtain one | equation
6 10410 13 6c+100 160 pair ofequivalent entries in trailing
c 5)-2 3) (30-2¢c 3c+50 diagonal.
10 13l 6 10/ | 58 160
6¢+100=58 or 3¢ +50=29 =>c=-7 Al 1.1 ignore errors in unused elements
[2]
(@ —5+54=24+3u&6-2A=1+pu B1 1.1 | Forming 2 correct equations in A | Third equation is 15 —-2A=-5—-4u
and /.

SA-31 =29 & 6A+3u=15 M1 1.1 | Attempt to solve (eg scaling one | If scaling or substituting method
equation and adding; or must result in correctly eliminating
rewriting to a standard form for | one variable (Other coefficients
solution BC) may be incorrect).

A=4& u=-3 Al 1.1 | Both

A=4& uy=-3 =>LHS=15-2x4=7and Al 1.1 | Convincing justification but

RHS =—5 — 4x—3 = 7= LHS so all 3 equations could be by finding the same r

are satisfied so L1 and L do intersect from both equations

15 Condone coordinates. Can be
2 Al 1.1 | awarded even if previous A
7 mark not awarded (i.e. if not
checked third equation)
[5]
®) (5) (3) (10 B1 3.1a | Could be BC. SOI
-2 |x| 1 |=|14
2) 4/ (1
15 10 BI1FT 1.1 | FT their point of intersection No need to see “1=""
r=| =2 +vl14 from (a) and their attempt at Must be a recognisable attempt at a
7 1 direction vector. SOI vector perpendicular to both L; and
Condone use of 4 or zu. L2
x-15 y+2 z-7 BI1FT 1.1 | FT their vector equation. This is | Correct equation here implies the

[3]

for correctly turning a vector
equation into a cartesian one.

other two marks.




'(®

E2
-3 =5 2|=k(-20-2k)+2(-12-2k)+7(-3k +5k)
k k4

or

k27 |

3 -5 2 -3 —5|=k(=5)(4)-2(2)(k)+7(=3)(k)
E F 4k &

~1(=5)(F) =k (2) (k)= (-2)(-3)(4)

M1

—2k> —10k — 24(= 0) isw

Al

b* —4ac=(10)" —4(-2)(-24)=...

b —dac=(5)" —4(-1)(-12)=...

Or

k2 +5k+12=0=> (k+2.5)’ +5.75=0= (k+2.5) =-5.75
2k>-10k—-25=0=—2(k+2.5)" -12.5=0= (k+2.5)" = -5.75
Or

K +5k+12=> (k+2.5) +5.75= (k+2.5)’>0

or

2k —10k-25=0= 2(k+2.5) ~12.5=0= 2(k+2.5)°<0

Or
d(—2k* —10k —24)
dk

=-—-4k—-10=0= k =-2.5 = determinant = —5.75

Or

- 10£4J(-10) —4(-2)(-25) _—s+/23i

2(-2) 2

Ml

b* — 4ac — —92 < 0O therefore no real roots so non-singular

b*> — 4ac — —23 < 0 therefore no real roots so non-singular

Or
Square of negative is not real therefore non-singular

Or
(k + 2.5)2 +5.75 > 0 therefore no real roots so non-singular

—Z(k + 2.5)2 —12.5 <0 therefore no real roots so non-singular

Or

As negative quadratic maximum value of determinant = — 5.25 therefore no

real roots so non-singular
Or
Imaginary roots therefore no real roots so non-singular

Al




(i)

2 -1\a 4 _
= can be done separately for each point M1
e )
2a—2 8+a
[_3a _12]0r(20—2, -3a) and (8+a,-12) Al
\/[(2a—2)—(8+a)]2 +[-3a—(-12)] =+/58
or
— (8+a 2a-2 10—a
AB = - =
-12 -3a -12+3a
or
— (2a-2\ (8+a) (a-10 M1
BA = - =
—3a -12 12-3a
2 2 2 2
(a—10)" +(12-3a) =58 or (10—a) +(3a—12) =58
leading to a 3TQ
10a® —92a+186 =0 Al
Al

a=3, ﬂ 0.e. CsO
5




(a) 5 a O 34 5k—-10 -22 55 a 0
M”+1IM = = + = M1
0 a 6k—-12 k*+30) (66 11k) (0 a
=a=12 Al
5k—10+55=0=>5k=-A45=>k=-9% or
6k—12+66=0=6k=-54=>k=-9% or
Al*
B +11k+30=12= k> +11k +18 =0 = k = —2,-9%,
k#-2as 5x—2-10+55#00r 6x—2-12+66=0
3)
Alternative
Using k£ =-9
R a 0) (34 =55 (=22 55) (12 0 M1
M- +1IM = = - =
0 a —-66 111 66 99 0 12
=a=12 Al
Conclusion: therefore £ = -9 Al*
3)
b) -2 5 x X 2x+5(mx+c)=X
= = M1
6 9)\mx+c mX +c¢ 6x—9(mx+c)=mX +c
= 6x—9mx—9¢ = —2mx+5Sm’x +Smc+c M1
{:> (5»12 +7m—6)x+(5m+10)c:0} Al
= 5m*+Tm—6= O{:> (m+2)(5m— 3)} —>m=-2 ,% M1
3 3 . .
m= 3 = 5m+10%0 soneed ¢ =0 hence y= gx is a fixed line Al
m=-2=>5m+10=0 so c can be anything, so y =—2x+c¢ for any c is Al
fixed.
(6)
(©) ((0,¢) = (5¢,—9c¢) soneed c=0.) (1,m) —> (=2 +5m,6—9m) so need or
B1

3 : .
Sm=3hence y= 3 x contains fixed points.




or
5 5 X —2x+3x X 3
= = 2 = V=—X
6 -9 2 X 6x— 2 X Zx .
h h 5
or
-2 5 )\x X —2x+5y=x 3
= = = y=—Xx
6 -9)\y v 6x—9y=y =
@
5.
Shows that f(n)is divisible by 19 | 1.1b B1 Let » = 1; then the formula gives
for n=1 £(1)=3%+27=209=11x19
States the assumption that f(»n) 24 M1 so the result is true forn =1
is divisible by 19 for n =%
Expresses £(k+1)in terms of & 31a M1 Assume the result is true for n=*£, so
f(k) =31 +23% =195 (mel)
Expresses f(k+1)or 3.1a M1
f(k+1)—1f(k)in the form
a(33k+1 ) +b(23k+") Then
C | d k 2.2 R1 fE+)= 2
ompletes reasoned working to .2a 3541 3544
correctly deduce that = 27(3 = )+8(2 H )
f(k+1)is divisible by 19 - 19(33k+1 ) + 8(33k+1 ) + 8(23k+4 )
Concludes a reasoned 21 R1 = 19(33"+1 ) +8f (k)
argument by stating that f(»n)is 351
divisible by 19 for n=1; if true =19(3%" +8m)
for n =k, then it’s also true for
n=k+1 and hence by induction B
f(n)is divisible by 19 for n>1 and the result also holds for n =k +1
f(n)is divisible by 19 for » =1; if true
for n =k, then it's also true for
n =k +1 and hence by induction f(»)
is divisible by 19 for n>1




(a) Attempt at use of conservation of energy principle M1
1 1 Al
—mx25 ——mU* =mgx2.5
2 2 Al
U=24 Al

1 2
ALT 1: 5mx25 =mgh
0=U" -2g($-2.5)
U=24
ALT 2: %mez =mgd
252 =2 g(‘zf—; +2.5) MI1A2 for a complete method (-1 eeoo)
U=24
ALT 3: %mez =mgd
lm x25% = mg(g’—2+ 2.5)
2 4
U=24
@
(b) The value of U would be larger Bl
1)
() WD against resistance = 2000x0.01d Ml
Use of work-energy principle M1
1 2 Al
2000x0.01d =0.5gx0.01d +—x0.5x25
2 Al
d=17.83 (3sf)
N.B. If PE term is omitted, d = 7.8152 and scores max Al
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