L6 Further Mathematics January Exam Teacher X 25-26 SOLUTIONS [52]

1.
DR
a-b=2-(-1)+(-4)-3+3-(-2) Some evidence of correct
=-2-12-6 calculation must be shown (i.e.
=—-20 B1 1.1 any intermediate step before -
20) but ignore poor/incorrect
-2
notation e.g. (—12) seen in
-6
working.
2 1 (-4)-(-2)-3-3 M1 1.1 | Working must be correct for at | May see components given
(-4) % ( 3 ) = (3 (=D -2- (_2)> least 2 components. separately e.g. allow M1 for any
3 -2 2:3—(-1)-(—4) two of:
8—9 —4 3|’|2 —1|’|2 —1|0r
= (_3_(_4)) 3 i_2 i3 EZ -4 3
6—4 for[2 -4 3
-1 3 =2
-1 Al 1.1 +1 If no working for either product
= ( 1 ) If MO then SCBI1 for <i1> (BOMO) then SCB1 for both correct
2 +2 (max 1/3).
with working shown (max 2/3).
3]
2.
3 (a) Determinant = —a +b B1
_ 1 (-1 -b
{M 1 :} M1
b—al 1 a Al
3)
(b) a b 1 (-1 -b 1 0
_|_ =
-1 -1) b—al 1 a 0 1
Which may include
a— =lor -1+ =0orab—a’—1=b—a or
b—a b—a M1
-b+a+1=0
b a
b— =0or -1+ =lorb*—ab—-b=0 or
b—a b—a
-b+a+a=b-a
Solves any two simultaneous equations to achieves a value for a and a
value for b dM1
eg,a-1=1Da=.=>b=_.
a=2,b=3 only Al
3
Alternative
2
a"—b ab-b 1 0O a
M’ +I=M + =
—a+l -b+a 0 1 -1 -1 M1
Leading to any two equations which may include
—a+l=—lor-b+1+1=-1
Solves to achieves a value for a and a value for b
dM1
eg,a-1=1Da=..>b=..
a=2,b=3 Al
3




(@) | () | Reflection in the line y =x. B1 1.2 | Not “mirrored”
[1]
(@) | (i) | If you carry out the same reflection twice you get B1 2.4 | The idea that the second identical BOD reference to mirror here
back to where you started. reflection undoes the first. Must be a geometrical argument
BO if only argument is det(M) = -1
[1]
) Rotation M1 2.2a | Recognising the matrix as a
rotation.
1. . . Al 1.1 | Angle and sense given. Allow omissions of O
By (+)§” (radians) anticlockwise about O. Allow 60° for angle A0 if includes another transformation
as well
2]
©) Tc is represented by BA M1 2.2a | Recognising the correct order for Determine: Needs some evidence.
the multiplication Could see the correct order of matrices
before multiplication
11 _Jg [0 1) 1 _Jg 1 Al 1.1 If MO then SCBI for correct answer
== == with no working.
23 1 \1 o) 21 3
[2]
4,
@) 16+20=3+u M1 1.1 | Equating x, y or z components to
derive an equation in 4 and s
16+21=3+u Al 1.1 | Any two equations correct.
-1-27A=10+10u
3-191=-10+10u
eg4+81=-20=>81= -24=>1=-3 M1 1.1 | Eliminating one unknown to solve | Could get eg 430 = 101 + 47 leading
(subtracting 2" from 3'%) for the other. tou=17.
Can be awarded for sight of A =-3 or
n=7
=>10u=3-19(=3)+10=70=>u=7 B1 1.1 | Subbing back to find the other and | Allow other valid ways of checking for
LHS=16+2(-3)=16-6=10 checking for consistency in the consistency
RHS=3+7=10 unused equation. Must see explicit check
16 2 10 Al 1.1 | Condone just vector. 16 2 10
SOP=|—1|+(-3)| —27 |=| 80 | so (10, 80, 60) OP=|-1|+(-3)[ 27 |=| 80
3 -19) (60 3 -19) {60
[5]
() ~|oQ|, =+10° +80° +60° =10100 (since M1 3.1a
10
0Q=v|80|. 0<v<1)
60
=100.498... so OQ is probably < 100 but thereisa | A1FT | 2.2b | Allow 100.5 for OQ Note: The probability that OQ < 100
small chance that it is not. Must follow an answer for 6(a) is 0.995037..
which gives OQ > 100
Allow “high chance that OQ is less | Do Not allow “OQ is greater than 100
than 100” or “claim is wrong™
Allow “OQ can be greater than
100 Some indication that the claim might
Accept P(OQ < 100)=0.995 not be correct
2]
Basis case: RHS =20°2=4.50x10¢ B1 2.5 | BC. Ignore calculations and statements
LHS = 52! =8.07x10%” > 4.50%x10%” = RHS The conclusion for LHS>RHS relating to n = 51.
Son! >20"whenn=>52 might appear in final statement. Allow 8x10%7 > 4.5x107
Assume true for n = k so k! > 20% (where k> 52) M1 2.1 | Setting up inductive hypothesis
properly.
Then (k+ 1)! = (k+ 1)xk! > (k + 1)x20F M1 3.1a | Correctly using the inductive Could see:
hypothesis k> 20%
(k+1)k! > (k+1) 20
Allow kto “slip” in 20* as long as
intention is clear
> 20 x 20* since k+ 1 > 20 since k> 52 Al 2.2a | Must be sufficient justification Withhold if k slipped
= 20F+1
So true for n=k=> true for n =k + 1. But true for Al 2.4 | Clear conclusion for inductive A formal proof is required for full
n =152 so true for all integers n > 52. process. Must be 52. marks but other complete and correct
proofs can get full marks.
[5]




6

Vol SF =40/8 =5 & reverse of orientation => detA B1 3.1a | Could see embedded in equation Can allow recovery in equation
=-5 below
5+a 5 1 M1 1.1 | Expanding the determinant
3 13+a  6|=(G+a)(3+a)x—9—-6x-20) Allow sign errors
a—4 20 -9 Allow if two of the three minor
determinants are correct
=53x-9-6(a—4)+13x-20-(13+a)(a—-4)
=(5+a)(-117-9a +120) - 5(-27 — 6a + 24)) M1 1.1 | Reduction of determinant to three Must have used correct form of
+(~60—(13a—52+a* —4a)) term q.uadrz'ltic fqnn (coulg be done | determinant (apart from sign errors)
) in conjunction with “=-5
=(5+a)(3-9a)-5(-3-6a)—8—-9a—a" or “=5").
=15-45a+3a-9a" +15+30a—8-9a-a’
, Allow sign errors
=-10a” —2la+22
=-5=>10a"+21a-27=0 Al 1.1 | Arriving at correct 3 term quadratic | BOD omission of “=0" if correct a
equation in a. values appears
a=-3 since a = 9/10 leads to non-integer entries in Al 3.2a | Must see both correct roots and
A correct reason for rejection
2 5 1Y/1 M1 1.1 | Multiplying their A by the position | Must have used a numerical value of a
3 10 6|2 vector of the given point.
Must be correct order of
-7 =20 9)\3 multiplication
15 Al 1.1 | Condone position vector as answer. | Must have come from correct equation
=| 41 | soimageis (15, 41, -74) fo.und. correctly. Alloxl\f .if reason for
rejection of a=-9/10 is incorrect or
-74 omitted.
[71
7.
@) [F]=MLT? B1 1.1 | Dimensions of force may be Do not allow for use of units.
embedded
So [7] = “(MLT?)” (T) (L7} M1 1.1 | Combining dimensions Need to see product
correctly using their [F] (may be
using base SI units)
=MLIT? Al 1.1 | Any order but must be product. | SCB1 for correct final answer
Do not allow [M] or lower case | seen if M0 awarded.
etc for final mark.
[3]
) [p] =ML B1 1.1 | Stating or deriving the May see e.g. M3
dimensions of density soi by [v] | Condone e.g. [M]. lower case
So [ =ML'T! (ML) H)=HL2 T! B1 1.1 | Do not allow [M] or lower case
m’s~™ orm?/ s oe B1 1.1 | Any length unit squared (or area | Other possibilities include
unit) per any time unit. Nms kg™ or Js kg™,
[3]




@

12000

() | At constant speed. D = 0 = k=300 B1 3.3 |Useof “P=Fv”in NIl witha =
so resistance to motion is 300 N, 0.
10000 M1 3.4 | Using “P=Fv"” in NII with 2 Allow 1 minor slip, e.g. sign error
————R=900a ) .
15 force terms and an ma term with
relevant numbers substituted in
with their R (=300)
I (awrt 0.407 ms?) Al L1 |AG Allow v=15.0 from a = 0.407
27
[3]
(@) | (i) | 9600 M1 3.4 | Using “P = Fv” in NII with 2 Allow 1 minor slip, e.g. sign error
v 300 =900 x 0.2 force terms and an ma term and
relevant numbers substituted in.
v=20 (ms™) Al 1.1
B [2] -
(a) | (iii) . M1 3.4 | Using “P = Fv” in NII with 3 NB 900g sin 1° = 153.93 ...
10 +900gsin1°—300 =0 force terms and @ = 0 and Condone missing g for this mark.
relevant numbers substituted in. | (NB gives 11371)
P=5842.79... (W) Al 1.1 | Condone 5.84 without units but
awrt 5.84 kW (or awrt 5840 W) not 5840.
[2]
() | (i) | If R = kv, then at constant speed. B1 3.3 | AG. Could just see 300 =40k to | Allow verification, e.g.
D 12000 —kx40,s0k = 7.5 find k but must see “R = kv” in “At maxiulum s?‘eed. 7.5x40=
40 some form somewhere. 300.s0 R=7.5v
R=75v
1
(b) | (i) | The new model predicts that resistances are B1 3.5b | Any statement stating or clearly | Ignore contact forces like friction
proportional to speed (or approach 0 as v — implying that air resistance tends | which tend not to be affected by
0). which is more realistic/closer to real life. to increase with speed in real life | speed.
(but not necessarily in a linear
fashion) and comparing this to Do not accept e.g.:
the new model (or vice versa).
“The refined model more
E.g.: “In the refined model, the accurately models and air resistance
larger the speed., the larger the (giving more accurate results)”.
resistance, which is more
realistic”. oe. “More accurate powers will be
obtained at different speeds™.
“It is more accurate as air
resistance is proportional to “It allows the resistance to no
velocity” longer be constant and can explain
air resistance™
“Friction is likely to increase as
speed increases so more accurate”
[1]
(b) | (iii) | 9600 M1 3.4 | Using “P = Fv” in NII with 2 Allow 1 minor slip, e.g. sign error
———7.5v =900 x0.2 for
v orce terms and an ma term and
relevant numbers substituted in. | Or obtaining an equation in terms
of D,eg D — 222 _ 180
7.5v% + 180v — 9600 = 0 M1 1.1 | Rearranging to 3-term quadratic | D2 — 180D — 72000 = 0
(v +24v-1280=0) equation and attempting to solve | and attempt to solve
SOV=.. (could be BC).
=12 + 489 awrt 25.7 ms! Al 2.3 | Other solution (—49.73...) must D =90 + 30V/89

be rejected but could be
implicitly.

(—193.019 ... £373.019...) and
using positive value of D to find v

[3]




