Manipulating Vectors (H) - Geometry and Measures

PhysicsAndMaths Tutor.com

1 lﬁ: obh- 2aor fé‘;: 2a- 2b 5 | M1 for finding 1B Or B4 Or NN OF MM
i ity
MN=10a- bor NM=- 10a+b
[uiviig [Linii s N . T TR T
eg  MP=-b+2a+ k(2b- 2a) and MP=/ (10a- b) M2 for writing eg A/P or Piv or AP or
wnr uue AM In two different ways in terms of a
oreg MP= Db+ k(2a- 2b) and MP=1 (10a- b) and b
i 1 N . e nm mm
oreg PN =8a+ k(2a- 2b) and PN=](10a- b) (M1 for writing eg AzP or PNV O 4P
UL wm or 4Af in one way)
oreg AP= 8a+ k(b- 10a) and AP=1 (2b- 2a)
w umn ) wmnr |
oreg AP=- 2a+ b+ k(10a- b) and 4P=1 (2b- 2a) These may be written as eg PAf in place
ity mr of azP
oreg AM = k(2b- 2a)+/(b- 10a) and AM=-2a+Db
m P — = -
eg 2-2k=104 and ~1+k=-A (from %L}P 1st) Ml dep M3 191 vu_mug a pair of equations
- usine their variables.
oreg 2k =104 and 1-2k=-21 (from MP 2nd) MP (1st) leads to 2 _1,_3
wmm i 9 9
oreg 8+2k=104 and -2k =-A (from PN
N ( o ) MP (2nd)leads to 4 L3
oreg 8-10k=-24 and k=221 (from AP 1st) um ? ?
un PN leadsto 4= §_k _4
oreg —2+10k=-24 and |-k =24 (from AP 2nd) —_— 9 9
wmnr ‘ 4 8
oreg —2k—107=—2 and 2k+4=1 (from AM) AP (1st) leadsto 4 =2,k =7
L
AP ondyleadsto 1t oL
9 9
wnr | s
AM teadsto g =— =2
9 9
Al cao
Total 5 marks
2 OC=3a +4b 5 Bl Correct expression for OC
GBa +4b)y Ml Correct expressions for ON
ON =3a+s(-3a +6b) Ml
7(3a +4b)= 3a+s(—3a+ 6b)
—1=0.0,5=04 Al t or s value correct
ON=1.8a+24b oe Al e.g ON:§(3a+4b)
Alt:
4B =-3a+6b Bl Correct expression for 4B
AN = s(=3a +G6b) Ml : .
_____________________ A AL S AR “ortect expressions for AN
INZC3a ti3a - i) M1 Correct expressions for 4
—3a+r(3a +4b)=s(-3a+ 6b)
—1=006, s=04 > AN=-12a+2.4b Al t or s value correct
ON=3a+ 4N
ON=1.8a+24boe Al eg ON=§(3a+4b)
Alt:
0C=3a +4b Bl Correct expression for OC
M
M2
ON=1.8a+24b oe Al o ON=2(Ga+dn)
= 5
Total 5 marks
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e L

3 e 2 4 N :v h’ll e y . llllll i tll.l.
P = 7ia—ib+4a+l(2b—4a)[:la+£b] > for finding PM or AM or MA
2 4 2 2 4
um 1
AM =4a+—(2b—4a)(=2a+b)
um I
AM =2b+ (4 —2b)(=2a+Db)
umr
Md == (2b—4a)~2b(=~2a—b)
ur I
M == (4a—-2b)~4a(=—2a-b)
) 33 |11 1 M1  For use of a correct ratio or fraction
(AP :PM =) 5a +1b : 5a+1 oe linking
L. AP and PM or
(AP:AM =) “l a+ b|:[2a+D|(=3:4)0e AP and 4M or
24 AM and PM
] 5 |1 1 (in either order)
(4M - PM =)[2a+b|: 57 +1b (=4:1)oe vectors must be in form pa + gb
AP=3PM oees ~at-b=3(La+Lib) oe
27 4 274

4
AM =—APoe

3
AM =4PM oe

3:1 Al
Total 3 marks
4 eg oP = n(2a+3b) 5 | M1 foravector equation for oF

or OP =2a+ m(5h — 2a)
or OP = 5b +x(2a— 5b)

eg OP = n(2a + 3b) and OP =2a + m(5b —2a)
or
eg OP = n(2a + 3b) and OP = 5b + x(2a— 5b) oe

M1 2 vector equations for oF that can
be used to find ©Z - must be in
terms of a and b and a scalar

egdSm=3norm==—nor2n=2-2morn=1—moe

| w

and 2 -2 x %H =2nor 2x%m:272m oe

or
eg2n=2xorn=xor3n=5->5xo0e
and3x=5-5xor3n=5-5noe

M1  Writing one equation in terms of only
one scalar eg one of » or m or x etc

3 5 5
egm= — orn= — of x=— 0¢
8 8 8

M1  for a correct value for one scalar

Working is required 5 a+£b Al oe (dep on M1) but terms in a and
4 ] terms in b should be simplified.
eg é(103+15b) or %(Za +3Db) efc
Total S marks
Alternative method as a vector method not requested
eg oP =n(2a+ 3b) 5 | M1l for avector equation for or
egCP:OP=3:50rCP:CO=3:8o0r M2  for a correct ratio for two sides in
P 3 . CP 3 . triangle ACP and triangle BOP that
opP 5 CO 8 help to find OP as a fraction of 0C
(could be seen on the diagram)
0P-20C orn=2 Ml
8 8
Working is required 5 15 Al oe (dep on M1) but terms in a and
—a+—Db : . e
4 8 terms in b should be simplified.
eg é(103+15b) or %(2“31)) et
Total S marks
5 3y (=27 5y (2 2 M1 7 ) b
e.g. - or ]+ or for where @ #—1 or ( where b # 7
3) La)  13) |, a -1
Al

Total 2 marks
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6 AB=2b-2aceor BA=2a—2boeor AM =b—aoe or Md=a—boe 6 | M1 forfinding 4B or B4 or
or BM=b—aoeor MB=a—boe AM_m' MA or BM
or MB
eg OM=2a+(b-a)(=a+b) oeor MO=(b-a)-2b (=—a—b) oe M1 for finding OM or MO
or AN = %b—Za oeor N4 = 2a—§b oe or AN or N4
J— J— M1 - ing OP PO
e.g. OP:2a+A[ib—2a] oe or OP:ibﬁ—&(Za—ib] oe fmgdmgg or PO
3 3 3 or MP or PM
or ﬁ:#(a+b) oe OR Wra—bh’c(ib—h} oe
2>
— 2 4 .
or MP:b—a—§b+k 2a——b | ceor MP=1(-a-b) oe
b
eg. 2a+A 4b 2a |=u(a+b) oeor 4b+7L 2a 4b =u(a+b) oe M1 for setting up an equation
& 3 =4 ) 3 3 ) A ) for OP or MP
or a—b+k£§b—2ajzf(—a—b) oe or
2 4.
b—afjbﬂr(Za—ng:r(—a—b) oe
J
,u:i or ,:i M1 for ﬁndl:g u gtor
5 5 either OP = uOM
or MP =tMO
4: Al cao (dep on M3)
Total 6 marks

7 | eg 4K = Aa eg AK =1 ua SEE NEXT 5 M1  for correctly using the ratio to form an
=B _ - PAGE expression for a vector passing through K
iB =0-2a KB=(1-3ma FOR or L could be in terms of A or u
CL=—ua 7 MISREAD —_— == == o= = =
oI 1# CL=-27a 4K or Kd, KB ot BK , CL or LC,

=(-pa DL=(1-22)a DL or LD (may be seen as part of
another expression)

eg KL=—Aa+b+(1—)a or egKL=b+ (1-32 wa or M1 for finding an expression in A and/or i

=(1-A-a+b KL=b+(1-3A)a fo:menfg (or LK), LM (or ML),
IM =(u—1)a+0.3b T (77 —Taslh ar KM (or MK)

— e % (22-Da+3b or [If this mark is awarded it assumes the
KM =-2a+b+0.5b(=~Aa+15b) | Z37 = a4 2b or first M1]
Two of the above — may have used 21 = y to write all in one of 4 or u M1 for finding an expression in A or x for
May be simplified or not — so may have brackets or not two of the following: XL (or K ), M

(or ML), or KM (or MK )
eg ugjngm —_jia+1.5b and LM = (2A-Dla+1ib , 3 Al  dep on M2 for one value correct or both
. —ir 15+ ) 3 A 7 or values but written the wrong way round
LM =xKM gives —=—— = 354=15 = A== oe 6 3.6
22-1 05 7 g= (=2 A=2)
7 7 7
A= 3 & Al dep on M2 for both values
7
_6
H 7
Total 5 marks
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— Fa eg M1 For using the ratio to form an expression
eg AK = 2+l a — Lu u MISREAD for a vector passing through K or L could
1 ’ 4K = L;LH—I a\= P al | 4K:KB=a11 be in terms of 4 or
KB:(T_H]“ - ) 1 5 and Eorﬂ,@orflf,ﬁm‘r{?,
. u KB:[%#H}! {:(,quQ}a] CL:LD=u:1 DL or LD
L= 1+u a R (may be seen as part of another
CL = 22 a expression)
o1 la 1422
1+u _ 1
L = [ Ja
1+24
eg M1 for finding an expression in A and/or u
eg KL :( - J2+h + 1 Ja or Xl - —1u a+b+( 1 )a using the above misread for one of KL
A+l d+u Tu+l 1+u (or K ), IM (or ML), KM (or MK)
_ i} [If this mark 1s awarded it assumes the
o _ LM:[ - ]a+%b or first M1]
M = Ja+0.5b 1+24
1+
=" la+2b oe = su
s ETPN L KM =| —= |a+3b oe
Tu+l
Two of the above — may have used 24 = y to write all in one of A or M1 for finding an expression in A or x4 for
May be simplified or not — so may have brackets or not two of KL (or IK ), M (or ML ). KM
(or MK)
(Giving answers of A =0.5(1+ ﬁ), u=l+ J7 ) A MAXIMUM OF 3 MARKS CAN BE
AWARDED FOR THIS MISREAD
OP=4a+2a+8b(=6a+8b)oe OR PO=—6a—8b oe or 5 | ML oe for one of OP or PO or AB or BA or BP or PB
AB—=6b—4a oe OR BA=4a—6b oe or (may be seen as part of another vector calculation)
BP=6a+2h oe OR_PB=-6a—2h oe
00 = da+ A(6b—4a)oe OR 6b + u(4a—6b) 0eOR x(6a+8b)oe ML for one of OQ or QO or BQ or OB or
or A0 or 04 or OP or PO
BQ = u(4a—6b) oe OR —6b+ A(6a+8b) oe OR 4a—G6b + x(6b — 4a)oe
or
A0 = y(6b—4a)oe OR —4a + x(6a+8b)oe OR 6b —4a+ u(4a —6b)oe OR
2a+8b +m(6a+8b)oe
or
OP = A(6a+8b) oe OR u(4a—6b)+2a+8b oe
M1 for a second correct expression for the same vector
OR
for two correct expressions for parallel vectors eg 2 of
@, oP, Q—P oe AND using ratios to form an
equation in one variable that can lead to a solution eg
00 =4a+k(6b—4a) and OP =2a+8b—k(6b—4a)
4-4k 6k
and =
2+4k  8—6k
8 9 4x 3x Al oe
eg A=— or g=— or 4Q:QB=—:— oe
g 17 o s 17 Q-0 3 2
8:9 Al oe
(ON =)i(a+Db)(= Aa+b) or 5| Ml for finding a vector for ON or NY
(NY =)1-2)a+b)(=(1-A)a+(1-2)b) or NO or YN interms a and b and using
A oe (can be embedded)
(MN =MO+0ON =)—0.5a+ Aa+ Ab(= (A—0.5)a+ Ab) or (MZ = MO+0Z =)—0.5a+3b M1 for finding a vector for MN or NM
or (MN = MY + XY + YN =)0.5a+ b+ (A—1)(a+b)=(A-0.5)a+ ib) orMZ or ZM
(MN = uMZ =) p(—0.5a+3b)(=—0.5 22 + 3 b) or M1 for finding a vector for MN or ON
(ON = OM +MN =)0.5a-+ u(~0.5a + 3b)(= (0.5-0.54) a+ 3 b) or or NY or NM ot NO or IN using
—_ — — — another variable e.g. u oe
(NY = NM + MX + XY =)~ 11(~0.5a+3b) +0.5a + b(= (0.5+0.51¢)a + (13 )b}
—0.514=-0.5+A0e 1-2=05u+0.50e M1 for setting up two simultaneous
3u=Aoe 1-A=1-3uoe equations using the components of
aand b for MN or ON or NY oe
% Al (allow 7 =0.42(8571..) to 2 sf
truncated or rounded)
Total S marks
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9 (ON =)A(a+Db)(= Aa+Ab) or (NY =)(1-2A)(a+b)(=(1—a+(1—A)b) 5 | M1 for finding a vector for ON or NY or NO or
ALT — o
YN in terms a and b and using 4 oe
(FN =MO+ON =)-0.5a+da+Ab(=(1-0.5)a+ Ab)or M1 for finding a vector for MN or NM in terms a
(MN = MX + XY + YN =)0.5a + b+ (A - )@+ b)(= (1-0.5)a + Ab) and b and using 1 oe
(NZ = NO+0Z =)— A(a+Db)+3b(=—Aa+(3— A)b) or M1 for finding a vector for NZ or ZN interms a
(NZ = NY +YZ =)(1- A)@a+b)—b—a+3b(=—2a+(3—)b) and b and using 1 oe
A-0.5 _ A oe Ml for setting g up an equation using the components
) 3-4 of MN and NZ oe
% Al (allow 7 =0.42(8571...) to 2 sf truncated or
rounded)
Total S marks
— 1 J— 1 5 . e CON
10 °g ON =8a+—(6b—8a)(=3b+4a) or ON'=6b + —(-6b-+Sa)=3b -+ 4a) S ML, correct expression for ON
. * or NO or AM or MA
NO=— (Sa 6b)—8a(= —4a—3b) or NO =—6b+ (6b—8a)(=—3b—4a)
—_— R 2
or M =—8a +7(6b)(: 2b-8a) or AM = -8a+6b— —(6b)(=2Db —8a)
J 2>
or 74 =8a—_" (6b)(=8a—2b) or MA=""(6b)+8a—G6b(=8a—2b)
3 3
0P = (3D + 4a)and one of M2 oe R
oP -8 —_ - b (M1 for one correct
e =8a+x(2b—8a) (= (8—8x)a+2xb) or R
£ L a+x( a) (= (8 -8x)a+2xh) or expression for OP)
OP =2b+ y(8a—2b)(=(2—-2y)b+8ya) (where g, x, v are scalars)
ef M1 A correct expression to find
¥_ 8y 4 88 5 the position of P along ON
_= or_ = oe or 3u=2x and 4u=8-8x e ) .
3 2.2y 3 7\* or two correct simultaneous
. 32 a4 equations coming from the
or 3u=2 an P
°H Y H= expressions for OP
2a+-b Al dep on M3, oe eg 2a+1.5b
2
Total 5 marks
11 —_— 2 Ml
@ ON=b+= (a b) oeor ON =a+= (b a)oe
Correct qnswer seares ﬁ [”. martks (mﬂessf rom | 2 a+ Eb Al oe eg 1 (2a+3b) but must be one term in a
ObVFUUS incorrect 11’0?’](71}79 5 5 5
and one in b
12 -5) (9 5 9 14 b 2 [ Ml —14
eg — + or + or a#-3or b#14 or an answer of
4 1 —4 1 a -3 3
Correct answer scores full marks (unless from obvious incorrect 14 Al
working) [ 3
Total 2 marks
13 [eg 5 [ M1
(AB ) 2b —2a oe or
(ﬂ ) —2b oe or
(E) (2b-2a)(=4b—4a)oe or
(4D =)3(2b - 2a)(=6b - 6a)oe
e.g. M2 for 2 correct paths seen
(OE =)2b+2(2b—2a)+7a+3b (=3a+9b) oc or ML for I correct path seen
(F 2a +A(2b—2a) =(2-24)a+2boe or 2b+A(2a—2b)or Any correct path for OC passing
— through 4 or B involving a variable
(CE=)(2b—2a)~ 2(2b—2a)+2(2b~2a)+Ta+3b =(1+22)a+(9-22)b
eg M1 for comparing coefficients of a
2-24 1+24 2-2i 3 (1+24) 1 , and b for
— = oeor —— == 977;):50601‘ A==
24 9-24 229 (9-24 (OC and CE) or
or (OC and OE) or
3
(2-21)a+22b=u(3a+9b) or /L:Zor H=— (CE and OF)
or OC is a multiple of OF
y 1
2b+A(2a—-2b)=u(3a+9) or A= n or u== Two different paths for OC
1:5 Al depM2oeeg2:10
Working required Total 5 marks
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13 e.g. 5 | Ml
ALT (AB ) b —2aoe or
(ﬂ =)2a 2b oe or
(BD =)2(2b—2a)(=4b—4a)oe or
(4D =)3(2b-2a)(=6b-6a)oe
e.g. M1
(OF =)2b+2(2b-2a)+7a+3b (=3a+9b)oe
e.g. Ml
(4E =)2b—2a+2(2b-2a)+7a+3b(=a+9b)oe
[AE 24D+ yOE] M1
a+9b=1(6b—6a)+ u(3a+9b)oe or
1=—6A+3uoeand 9=64+9uoeoror A :%01‘ u :g
s
1:5 AldeponM2oeeg2:10
Working required Total S marks
14 (a) - 2a+b 1 Bl oe
i T
(b) S 4 M2 from Q]a&] for writing eg OP or AP or
" " mm N
8}; a+ (- a+ 6b) and OP 2a+ x(* 2a+b") AB or NP or MP or similar in two
AP= - a+ y(- a+ 6b) and AP— t(” ha+ b") different ways in terms of a and b
o ) - ul - wm
AB= x("- 2a+b")+ y(- a+ 6b) and 13 - 2a+ 6b (l%i[nl for writing eg OP or AP or 4B or
R}]%: -b+a+ y(- a+ 6b) and },{%: x("2a- b") NP or MP or similar in one way in
— ) — terms of a and b
MP = x(—a+6b) and MP=a+ y("-2a+b") )
wm
Th%guen may be written as eg PO in place
of OP
eg M1 dep M2 for writing a pair of equations
wm l{l?}llllg their Val‘iables
x=6y and 2-2x=1-y (from OP
R Y v ( ) OP leadsto x= 2. y:i
lﬂ; um 11 11
x=0y and 2x=—-1—y (from 4
x=0y an x v (from ) AP leadsto\—i },7i
d 2= 2y (from 4B un 6 10
6=x+6y and 2=-2x—y (from -
x+6y an x—vy (from ) AB leadsto_\-zi_vzg
1{17}!; um 11~ 11
2x=1-y and —x=—1+6y (from N
: v ) NP leads to x == y,i
—x=1-2y and 6x =y (from MP) 111 ! 61
MP leads to x — — y=—
11° 11
Vector method required 6:5 Al 6 5
depon M2, oeeg —:—
11 11
Total S marks




