L6 Further Mathematics EoY Teacher X 25-26 SOLUTIONS [72]

1.
30 cm? B1
2.
Obtains 1.2 B1 —\/5:7|b|c050
—/3 =7|blcos & OE
V3 =7 5
or COS@ZW
—\/5 =|a||b|cos€ OE
12=7|b|sin &
ing = 12
Obtains el _m
12=7|b|sin® OE 5
- 1.1b B1 1=cos” @+sin“ @
12=|a||b|sin & OE LR s
49Jb|”  49|b|
_
Obtains an equation in only |b|2 or |b|2
3.1a M1
|b| from a valid method |b|2 -3
[b|=+/3
Deduces that |b|= V3 o "
Accept AWRT 1.73
Question total 4
3.
Defines elements of B (PI) and 3.1a M1 a b
writes or uses the matrix equation LetB= .
AB=0 -
Pl 4 2ila b
AB =
6 3 |lc d
Obtains ¢ =2a or d =2b OE | 4a-2c 4b-2d | |0 O
Pl by correct answer. 1.1a M1 6a+3¢c —6b+3d 00
da—-2c=0=>c=2a
Deduces a matrix of the form e e
n m 1
with at least one of n 2.2a A1 =
2n 2m
and m not equal to zero.
Question total 3




4(i)(a) | Stretch B1
Scale factor 2 parallel to x-axis B1
)
(i)(b) Any line parallel to the x-axis or y = k or the y-axis orx =0 B1
1)
() | Area triangle =%x(8—2)(6—3)=9
Area triangle for example
1238 2] -
= =—[2x6+3x3+8x3—(3x3+8x6+2x3)]
23 6 3 3| 2 =
: 1 : :
Area triangle = 5(6)(\110 )sm 71.57 from a valid attempt to find
the angle and sides
cos26 0
=cos26tan 26 B1
1 tan 26
. 4.5
their 'cos 20tan 20'= — M1
their '9'
cos26tan26 = 4'.5 = cos26x g 4'_5 =sin260=k
their 9 cos26 their 9 dmM1
where —-1<k <1
sin29=%:>9=... or sin29=—%:>0=... ddM1
Any two of
Coming from sin 26 =%
7 Sz 13z 1in
15°,75°,195°, 255° or —.,——.,——.,—— or awrt 0.26, 1.31, 3.40,
1212 12 12
4.45
1 Al
Coming from sin 26 = Y
Tz 11z 197 237
105°, 165°, 285°, 345° or . . R or awrt , 1.83, 2.88,
12 12 12 12
4.97,6.02
All eight of 15°, 75°, 195°, 255°, 105°, 165°, 285°, 345° Al

Q)




;a) ab=-8-18+13p=13p-26 B1 1.1 | Must be simplified correctly
2) (—4) (-3xp-13x6 M1 1.1 | Using formula for cross product.
r =[‘3] [ . H” “““P} b2 0606 cponcus s
13 P 2x6--3x—4 correctly in final answer).
-3p-78 Al 1.1 | Needs to be simplified correctly 3p+78
=[—2p— 52] If MO then SCB1 for [2p+52}
0 0
[3]

(b) Perpendicular: (13p—26=0=>)p=2 B1FT | 2.2a | Follow through on answer to 2(a) | No working necessary
Parallel: (need 3p—78=0and 2p-52=0 BIFT 2.2a | Could use scaling, or a.b = a| [b| SCBI1 (or B1FT) for both answers
=)p=-26 correct but with no indication of which

Allow FT from part (a) as long as | is which.
the first two components give the
same value of p (ignore = Do not allow SCBL if they are
component). incorrectly identified
[2]
1 5) 15 1 5(2'-1)) (1 5
3@ |, i 1HS- - _RHS = (2-1))_
0 2 0 2 0 1 0 2 B1
So the result is true forn = 1
15y (1 50 1)
Assume true for n=k, = then for n=k+1
0 2 0 2k
Lo 50 1t
02! (o 0 2 M1
or
1 5% (1 Si) S(0F
0 2) |0 2)lg o
1 5+2x5(2°-1) 1 5(2%-1)+5(2) M1
. or
0 2(2) 0 2(2) Al
1 10(2*)-5} (1 5/2(2%)-1 1 5(2'-1
(2)-5)_[v s[2(29)-1])_(r s(z-1) Al
0 2k+1 0 2k+1 0 2k+l
“If true for n= k then true for n= k + 1” and as it is “true for
. : e Al
n = 17 the statement is “true for all (positive integers) n”
(b) Reflection Bl
Reflection in the y-axis or line x =0 B1
1 5(2"-1)|(-1 O -1 5(2"-1
- B -
0o 2 0 1 0o 2
-1 5(2“-1)](27) -27+5(2"-1)
(d) 0 2 ! 2" Ml
Sets - 27+ 5(2"- 1)=2"b 2"= ..
1 5('8'-1 1 35
o el .
0 '8! 0 8 Al




(a) I=mv=0.16x15=24Ns B1 1.1
[1]
(b) Initial energy = ¥%x0.16x15% (=18 1) B1 1.1 | KE of ball
30R = ¥:x0.16x15> M1 3.4 | Using Work-Energy principle i.e. their initial energy = WD
correctly against resistance with signs correct
and no extra (non-zero) terms.
Resistance to motion = 0.6 N Al 1.1 If BOMO then SC1 for using suvat
a=-3.75
F=0.16 x-3.75=>0.6 N
[3]
8.
(a) F = kd*mPp’... B1 3.3
...where k is a (dimensionless) constant B1 1.1 | Accept omission of
“dimensionless”
[F]=MLT? M1 1.2
[m]=M.[d]=Land [p]=Fsoa=1, =1 Al 3.4 | If F= (k)d*mPp’. given thenno | If BOBOMI1 then SCBL1 for F=
and y=-2 (so F = kdmp~2 or k’iz'") isw need for a final formula once the | dmp~2 oe. NB no mark if specific
L4 powers have all been correctly constant e.g. 47? is included.
found.
[4]
) Because u can be expressed in terms of d and p B1 2.4 | Statements such as. “u can be Do not accept any argument based
_ 2md : o derived from d and p” require on dimensions (i.e. L and T), e.g.
Gyu P ) (lch are considercd) further explanation,p . “[u]=LT but( dand p alre)adyg
_2md . have L and T dimensions”.
eg U= T, or mention of
radius and time (without
mention of dimensions).
[1]
©) u? Bl 1.1 v ora = dw?
Useofa = — Not just —
d r
mu? M1 1.1 | Correct application of NII to F = ma = mdw?
NI = F =ma = a4 their dimensionally correct a in
terms of d, m and u or ® only.
21d m 2md\?  4rw2dm Al 1.1 | Must be simplified. 27 21\ 2
) gt maEne) |5 PG e
e.g. md (7) but not ”T
[3]
(@ Dimensional analysis cannot give the value of B1 3.5b Do not allow anything that does not
constants in any formula recognise the presence of an
unknown constant e.g. "Does not
include/account for constants"
e [1] 1
10.
(@) A’s direction unchanged: M1 1.1 | Conservation of momentum. If using 4x6 + 2x(-5) = 4x1 — 2xva,
4x6 + 2x(-5) = 4x1 + 2xvp Condone 5 instead of —5. then vz should be -5.
(v8=5)
'5'—1 M1 1.1 | Attempt NLR with their vz Allow one sign error only.
e 5
e= 111 (awrt 0.364) - .
A’s direction changed: M1* 3.1b | Conservation of momentum. This mark can be implied from a
4%6 + 2x(—=5) = 4x(-1) + 2xvB Condone 5 instead of —5. correct value of v after correctly
(v8=9) finding the first value.
9" — (-1) DM1 1.1 | Attempt NLR with their second
(e =) (-5 vB
orZ (awrt 0.909) Al 1.1 | A0 if extra values found in SC If AOAOAO due to up =5 then
1 addition to the correct values. SCBI1 for e = 14 and 20 both
rejected as unfeasible.
[6]
(b) Perfectly elastic collision <> e =1 so we can B1 2.1 | Argument must be complete so | If relying solely on a KE argument,
tell that this is not a perfectly elastic collision “Perfectly elastic & e=1" this must include actual values for
(since neither of the possible values is 1) alone is insufficient. all their results in (a), e.g:
Initial KE=9717
Allow “not perfectly elastic Final KE=27Jor 8317
because e # 17 in both/all cases | KE is lost in the collision in both
cases, so not perfectly elastic.
NB all values of e must be FT from a).
within the range 0 <e < 1
If their e = 1 (and no other
values), allow conclusion that
the collision is perfectly elastic.
[]




6
~ m(27 + 6u® — 9 + 12u — 4u?)

6
_ m(18 + 12u + 2u?)

6
_2m(9+ u? + 6u) ~m@B+ u)?
~ 6 — 3

incorrect working.
Must see sufficient working,
including 3 term quadratic.

(a) mx3 + 2mx(=) = (m + 2m)v M1 1.1 | Conservation of momentum Condone sign error/signs reversed
with 4 and B having some post- | or separate (unknown) velocities
‘collision” velocity assumed (but not both)
NB the solution assumes that the | MO if mg used unless recovered
initial direction of A is positive | later.
Treat masses reversed as MR and
FT subsequent parts.
_3-2u Al L1 | Acceptv =22 Could be expressed as e.g.
v= 3 3 2u
1=
3
3m — 2um
but not
2]
(b) | (i) | In the direction of travel of 4 or towards 4 or B1 1.1 | Could be shown on a diagram if | Accept “left” if no
in the opposite direction of B’s original unambiguous. contraindications are present.
projection
1]
(b) | (ii) | Impulse on B = change in B’s momentum M1 1.1 | Using their v from (a). Condone | Using A’s change of momentum:
. (3 —2u ) global sign error. Must be same | ,, (ﬂ _ 3) — (‘6‘2“) =
=2m -(-w ; 3 3
3 final velocity as 4. 2m(3+1)
3
3—2u+3u Zm(3 + u) Al 1.1 Condone |M| oe 2m+2/3 mu Ns
o ( 3 ) B 3 . i Do not allow a negative value
[2]
(b) | (iii) 2m(3 +u) B1FT | 2.2a | FT —their (b)(ii) or (a) 2m(3 +u)
- 3 e A fully correct answer mustbe |~ 3 Ns towards B
negative if A’s original direction | Instead of being defined with a
is positive, or positive if A’s minus sign the magnitude could be
original direction was negative | the same as (b)(ii) and the direction
(may be evidenced from a the direct opposite of (b)(i).
diagram or from previous
working). Must be simplified if using A’s
change of momentum
1]
(©) 1 3 —2u\? BIFT* | 3.1b | FT use of their v from (a) m(3 — 2u)?
Final KE = 2% (m +2m) ( 3 ) Condone separate velocitiesbut | =~ ¢
both must be # 0
Or AKE for both A and B seen.
1 1 Mildep | 1.1 |Expression for KE Loss (or
Kilos 2 X m x 3%+ 2 X 2m X u* change) using their final KE (ie | Allow 1 slip, e.g. incorrect mass
m(3 — 2u)? correct form with their v). Must | Allow final — initial KE
T be 3 (or 4) terms.
27m + 6mu? — m(3 — 2u)? Al 1.1 | AG — check carefully for If answer is negative, must justify

change of sign.

[3]




11.

(a) Initial KE = 2m (5.6) Bl L1 | 15.68m
Initial PE =mg(12.6 — 12.6 cos @) B1 1.1 | Correct form for PE with 12.6 Calculation here assumes zero PE
substituted but cos a can be left. | level is at lowest point of motion.
54.88m or 5.6mg If eg initial level chosen as zero PE
level then this mark can be awarded
on sight of correct PE (with correct
sign) for general form relative to
this level.
Or could use O as the initial level
Energy at 6= %mvz +mg(12.6 — M1* 1.1 | Expression for KE + PE at This could.be e)fPress_ed_as “gain in
12.6 cos 8) = 15.68m + 54.88m (= 70.56m) gent‘eral ang%e equated to initial KE =loss in PE or similar l?ut
energy. Zero PE level must be signs must be consistent/correct.
consistent.
Condone missing ‘g’ for this 274 B mark could be awarded here
mark for eg mg(12.6 cos 6y —
12.6 cos ) if initial PE = 0.
lm(8.4 c0s 8)? + 12.6mg(1 — cos 9) Mildep | 3.1b Subsﬂtirutil'lg for v, cancelling m Or similarly substituting for cosé.
2 and reducing to 3 term quadratic | 1 12.6v\
=70.56m equation in cosé. 7Y +t9 (12'6 B W) B i
- 35.28cos% 6 + 123.48 — 123.48 cos 6 Allow 8.4 cos? @ for M mark if | v? + 246.96 — 29.4v = 141.12
=70.56 recovered later v? —29.4v + 105.84 =0
~ 35.28 cos? 6 — 123.48 cos 6 + 52.92[= 0] 2c0s20—TcosB+3 =0
Allow one sign error and one NB do not penalise candidates who
NB 70.56x? — 246.96x + 105.84 = 0 other minor slip in the working, | substitute x for cos 6.
e.g. omission of g
Allow omission of “= 0"
provided recovery takes place
cos@= ‘3’ is not a valid solution since Bldep | 3.2a | Explicitly rejecting their v =25.2 is not a valid solution since
(-1)<cosf<1 unfeasible solution with a valid | (-8.4)<v<8.4 (or0<v<8.4)
reason. Condone strict inequalities
cos~1(3) has no solution since | NB max v=11.88 (or v < 11.88) is
(-1)<cosf<1; also a valid argument (speed at the
6 is not real lowest point).
cosf=Y=>v=4.2 Al 1.1 | Must be only one solution. v=42
[6]
(b) PE at top = mgx2x12.6 M1 3.1b | Finding expression for PE at top | If starting from second point (to the
using same zero PE level as right of the vertical), AGPE
initial energy. =mg X (1 + cosf) X 12.6
246.96m = 185.22m (ifcos § = l)
Allow omission of m throughout 2
Initial energy = 70.56m < 246.96m so P does AIFT | 2.2a | Comparing their initial energy Max height = 70.56/g = 7.2 m and
not have enough energy to reach the top from part a) with required 7.2 m is less than 25.2 m so does
energy to reach the top. not reach the top.
Could see a KE term
=-176.4m) which needs to be
explained as non-negative.
Alternative method:
mg(12.6 — 12.6 cos ) = 15.68m + 54.88m M1 Equating general KE to 0 and
setting general PE to initial
energy (using same zero PE
level).
) = = T Al 1.13 rads (3 sf).

so P stops before it reaches the top.

Or equivalent explanation.

[2]




