Need more help with this topic? Go to ALevelMathsRevision.com for video tutorials and more! %

Constant Acceleration in Two Dimensions (Sheet 2) Mark Scheme

Q1.
(a) Useof v=u+at:(10.5i—09j)=0.6j+ 15a M1 3.1b
a=(07i—-01j)m s?  Given answer Al 1.1b
(2)
() Useof r=ur+ L ar M1 3.1b
2
. 1 . g
r=06jr+ —(0.7i—0.1j) Al 1.1b
2
()
(© Equating the i and j components of r M1 3.1b
1 3 _ 1
S €07 =061——<01¢ Alft 1.1b
2 2
=15 Al 1.1b
3)

(d) Useofv=u+at: v=06j+(0.7i—0.1j) ¢ M1 3.1b
Equating the i and j components of v M1 3.1b
=075 Al ft 1.1b

(3)
(10 marks)

Notes:
(a)
MI1: foruseofv=u+ar
Al:  for given answer correctly obtamed
(b)
M1: foruseofr=ur+ - af

)
Al:  fora correct expression for r m terms of 7
(©)

M1: forequating theiand j components of their r
Alft: for a correct equation following their r

Al: forr=15

()

Mil: foruseofv=u+at forageneralt

M1: forequating theiand j components of their v
Alft: forr=0.75, or a correct follow through answer from an incorrect equation
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Q2.
Question Scheme Marks
Number
(a)
tanf)- 3 0-12.5" bearmg 103° M1 MAI(B)
(b) ] _ -
® p = (9i+10j)+1(9i-2j) M1 Al
@ q=(i1 4j) 1 1411 8) Al ()
(c) _
OF =(8+5Ni+(6-100)j M1 A1 (2)
(d)
IV = (R+51) +(6-10¢) M1
Al
125¢% 40 + 100
10¢) 125¢* — A0+ 108 M1
M1
(=525 — &) Al Al (6)

=0 or 032
14

Notes
@) | M1 for tan¢/- £ 2 or +? orusesind or cos

First Al for (- +13° or +77° or £12.5° or + 77.5" or betler

Second Al for 103°

(b) M1 for clear attempt at p = (Y1 +10)+#(D -2y or q = (i+4j)+1(4i+8]) (Allow
slips but must be a “+ " signand r +1v)

@) | FistAl for p - (91+107)+£(91—2joe

(ii) Second Al for q={i+4j) + /{41 ¥]loe

() M1 forp — q or q —p with their p and q substifuted

Al for correct answer () = (84 5¢)i+(6—10¢)j (don’t need (J/” but on R H.S must
be identical coefficients of i and j but allow column vectors)

(d) First M1 for attempt to find () or () * in terms of t only, using correct formula

First A1 for a correct expression (with or without v ) 1257 — 40r +100

Second M1 for + (3 term quadratic) = 10 or (3 term quadratic) =100.

Third M1 for quadratic expression = (0 and attempt to solve (e.g. factorising or using
formula)

Second Al for ¢ =0 (if they divide by f and lose this value but get 0.32, M1ADAIL)
Third A1 for =032 oe
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(a)

Allow column vectors throughout

M1 for tanf=+; or +% (or any other complete method)
First Al for +14.04° or +75.96°

Second A1 for 104°

Qs.
Question Scheme Marks
Number
(a) [an(}=._;‘0 MI
0=14.036." Al
#=104" nearest degree Al 3)
(b)
p=400i + 7(15i+20j) MI Al
q=800j+1r(20i-5)) Al G)
(c) Equate their j components:  20#( j)=(800—57)(j) MI
1=32 a
2 o M1
s=800j+ 32(20i-5)) Al )
=640i+ 640 j 10
Notes

(b)

(i)
(ii)

M1 for clear attempt at either p or q (allow slip but 7 must be attached
to the velocity vector and position vector and velocity vector must be

paired up correctly)

First A1 400i +#(15i+20j) “p =" not needed but must be clear it’s P

Second A1 800j+#20i-5j) “q =" not needed but must be clear it’s O

(c)

First M1 for equating their j components; allow j’s on both sides
First Al for 1= 32

Second M1 independent for substituting their 7 value into their q from
(b)

Second A1 for 640i + 640

]3]
BE
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Q4.
Question Scheme Marks
Number
(a)
F, = ki+ kj Bl
(=1+a)i+(2+b)j M1
= DMI1 Al
2+b 3 =
a=b=k=25; F,=25i+23j DMI1 Al; Al
(7)
ALTERNATIVE:
F, = ki+kj it
(=1+a)i+(2+b)j= p(i+3j) M1 for LHS
~l+a=p
DMI1 Al
2+b=3p
a=b=k=25, F,=25i+25j DMI1 AL Al
(7)
(b)
v=3i-22j+3(3i+9j) M1
=12i+ 5j o
v|=+12? +5* =13 ms™ MI AL cso (4)
11
Notes

(a)

B1 for F, = ki+kj (k# 1) seen or implied in working, including for an
incorrect final answer, with the wrong & value.

First M1 for adding the 2 forces (for this M mark we only need
F,=ai+bj), withi’sand j’s collected (which can be implied by later
working) but allow a slip.

(MO if @ and b both assumed to be 1)

Second M1, dependent on first M1, for ratio of their cpts = 1/3 or 3/1
(Must be correct way up for the M mark)

First Al for a correct equation which may involve two unknowns
Third M1, dependent on first and second M1, for solving for k oe
Second A1 for a correct k value

Third Al for 2.5i+2.5j

]3]
BE
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ALTERNATIVE: Using two simultaneous equations

B1 for E, = ki+kj (k# 1) seen or implied in working.

First M1 for adding the 2 forces (for this M mark we only need

F, = ai + bj), withi’sand j’s collected (LHS of equation) (MO if _a and
b both assumed to be 1) but allow a slip

Second M1, dependent on first M1, for equating coeffs to produce rwo
equations in 2 or 3 unknowns. Must have p and 3p (MO if p is
assumed to be 1 or k)

First A1 for two correct equations

Third M1, dependent on first and second M1, for solving for k oe
Second Al for a correct k value

Third Al for 2.5i+2.5j

ALTERNATIVE: Using magnitudes and directions

F, = ki+ kj, seen or implied

Bl
Correct vector triangle M1
l, 2 -
A‘/:- =— J; ,  a=arctan2 DMI1 Al
sind45®  sin(90° - @)
vy DM 1; Al
o T 6 MIALA
k=25, F,=25i+25j N

ALTERNATIVE: Using magnitudes and directions

B1 for F, =ki+kj seen or implied in working.

First M1 for a correct vector triangle (for this M mark we only need
F, = ai+bj). (MO if _a and b both assumed to be 1 and/or longest side is
assumed to be V10)

Second M1, dependent on first M1, for using sine rule on vector
triangle

First A1 for a correct equation. 45" may not appear exactly.

Third M1, dependent on first and second M1, for solving for & oe
Second A1 for a correct & value

Third Al for 2.5i+25j

(b) First M1 for use of v=u+arwithr=3
First Al for 12i+5j seen or implied. However, if a wrong v is seen A0

Second M1 for finding magnitude of their v
Second Al for 13
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Qs.
Question ! :
Number Scheme Marks
a F=ma: 3i-2j=05a M1
a=6i—4j Al
| . MI1A1
|ﬂ| =407+ (_4)_ = E'JG(]-“ 5_.) == (4)
b v=u+ar v=_(i+3j) + 26i_ 4j) MIAT ft
=13i-5jms’ Al
3)
c Distance = 2|v|=2v4+1 =25 = 4.47 (m) MIAL
2
d When 1 =3.5, velocity of Pis (i+3j)+3.5(6i-4j)=22i-11j MIAL ft
Given conclusion reached correctly. E.g. 22i—11j=11(2i—j) . 3)
[12]
Notes for Question

Question (a)

Either:

First M1 foruseof F=ma

First Al for a = 6i — 4j

Second M1 fora= (51 + [-4)1} (Allow (6° + 42))
Second Al for a =213 [1115':] Given answer

Or:

First M1 for F=4 (3*+ (-2)) (Allow v (3% +2%))
First Al F=+13

Second M1 for V13 =05a

Second Al for a =213 [1115':] Given answer

Question (b)

M1 for (i + 3j) + (2 x their a)

First Al ft for a correct expression

Second Al for 13i —5j ; 1sw 1f they go on to find the speed

nestion (c : : .
M1 for 2N(2° + (-1)°) or V(4" + (-2)7)
Al for 245 or v20 or 4.5 or 4.47 or better

Question (d)

M1 for (i + 3j) + (3.5 x thewr a) ,or possibly, their (b) + (1.5 x their a)

First Al ft for a correct expression of form ai + bj

Second Al for given conclusion reached correctly e.g. 22i-11j=11(2i - j) oe Given answer
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Qeé.
Question e
Number it Marks
@ (4i—2j) + Qi+ gj) =(6i+ (g—-2)j) MIAl
6=2(g-2) ratio 2:1 DM1
=S Al
(C))
() 6i+3j=15a M1
a=(4i+2j) ms” Al
. . N4 . ~s Ml
v=u+at=(-2i+4j) + 2(4i + 2j)
= 6i + 8j Alft
speed =+/6° + 82 o
=10ms™ Al (6)
[10]

Notes for Question

Question (a)

First M1 for (4i — 2j) + (2i + gj)

First A1 for (6i + (g — 2)j) (seen or implied)

Second M1, dependent on first M1, for using “parallel to (2i + j)* to obtain an equation in g only.
Second Al forg=>5

Question (b)

First M1 for their resultant force =1.5a

Furst Al for a = 4i + 2j

Second M1 for (-2i + 4j) + 2 x (their a) (MO if force 1s used instead of a)
Second Al ft for their velocity at t =2

Third M1for finding the magnitude of their velocity at t =2

Third A1 for 10 (ms'l)

N.B. In (b), if they use scalars throughout, M0AOMO0AOMOAO

Q7.
Sk Scheme Marks
Mumber
—6i+j=u+32i—-35]) M1 A1
= u=-12i+16j Al cso
= u=4(-12) +16' =20 i [5]
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]3]
BE

Q8.
ﬁﬂasé::r " Scheme Marks
(a)
i
2 0
% tan9=—139=634 M1 A1
0 angle is 153 4° At (3)
(b) i
(4+pli+(g-)3)j
(@-5)=-2(4+p) M1 A1
2p+g+3=0* Al (4)
() g=1=>p=-2 B1
= R=2i—4j -
=R =y22+(<4)2 =20 M1 A1 f.t.
J20 = m845 M1 A1 f.t.
=>m =% Al cao
(7)
[14]
Q9.
Question : .
Number Scheme Marks
8
(@) | tand= 5 M1
= 53° Al(2)
() | F=04(6i+8j) (=2.4i+3.2j) M1
[F|= q,.'(z_zf +32%)=4 ML Al (3)
(©) | v=91—10j+5(6i+8j) MI Al
=39i+30j (ms™) Al(3)
(8 marks)
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