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January 2018
Q Scheme Marks Notes
7(a) [Horizontal distance in terms of U, ¢ and a M1
x=Utcosa Al Correct unsimplified equation
Vertical distance in terms of U, f and o M1  |Condone sign error
. 1
y=Utsina — 5 gt Al Correct unsimplified equation
. 1 X . Substitute for ¢
y=Usina Ucosa Eg U cos DM1 Dependent on the first 2 M marks
gx’sec’ a Simplify the trig. and use Pythagoras
y=xtana - T DML Ipependent on the first 2 M marks
2 2 Obtain given answer from correct
y=xtana — % given answer Al workingg
(N
=)V, = orizontal component in U, g,
(b) |((—) U Bl  [Hori | comp inlU,g T
) v, =gTl B1 Vertical component in U, g, T. Accept +
Use of Pythagoras M1
V=4 fU 24 g'T? Al Or equivalent. Allow ¢ for T
4)
(b) gd’ d’
—h=dtan0— 1+tan” 0 Bl h=28
TZ
d=UT [:h_gz ] B
1, 1 2 .
5 mv° — 2 mU~ =mgh M1  [Energy equation
Vv =U+2gh=U%+g’T* , v=\|U’+g’T" Al
4)
(¢) |[d=UT B1  [Horizontal distance
gd’(1+tan’ ) Substitute for x and y in given equation.
~h=dtana - 20 M1 (condone sign error
he %gTZ B1 Vertical distance
1 ., g(UT)*(1+tan’ @) Substitute to eliminate U from the
58 I"=dtano— 207 M1 equation
T2 Correct equation in 7 and d
Ozdtana——g2 tan’ & Al
J- ;gTz tane  given answer Al Obtain given answer from correct working

(6)
[17]
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June 2018

Question
Number Scheme Marks
6a Energy: ;mx144=;mx64+mgh MI1A2
h=4.1or4.08 (m) Al
N.B. If they find an A, using a non-energy method, they score nothing in | (4)
(a) BUT it can be used in (b), (c) and (d) without penalty.
6b Vertical distance: 7 = 12sin0£><1.5—§><1.52 (their A) MIAT1ft
(sina=0.839) «=57.1° (57°) (0.996 rads) Al
3)
Alt: Use 12cosa=8cosf3 and —8sin f=12sinax—1.5g
and eliminate f to give equation in ONE trig ratio for & MI1AIft
(sina=0.839) a=57.1° (57°) (0.996 rads) Al
3)
6¢ Horizontal cpts: 12cosa =8cosf  (with their & for the A mark) MIAT1ft
B=354° (35°) (0.617 or 0.62 rads) Al
Alt: tan g= 12509138 (909 ) MIATft
12cosax
f=35.4° (35°) (0.617 rads or 0.62 rads) Al
' ' 3)
Alt: h=(123m0‘2_85mﬁ)><1.5 MIATft
B=354° (35°) (0.617radsor0.62rads) Al
Alt: —8sin f=12sinax—(9.8x1.5) MI1AI1ft
B=35.4° (35°) (0.617 rads or 0.62 rads) Al
6d Correct strategy e.g. 2(1.5 -T ) where 7' = time to max height M1
Correct equations e.g.Time to max height: 7 = [2sina =1.028
12sin ) DMIAL
= 2(1 5 aj
g
Correct answer: = (.94 or (0.945 (s) Al
Alt 1: Time between the two points when v =28 MI1
O—SSin,[i’z‘—%gt2 [—t[Ssinﬁ—%gtj] DMIA1
1=0.94,0.945 Al
Alt 2: Find the difference between the two times when #=4.08 M1
h:lZsin(Jtr—%gz‘2 for their A, DMIAL




June 2018

Question
Number Scheme Marks
t=15-0.555=0.94 or 0.945 (s) Al
)
Alt3: Use v=u+ar (vert) between the two points MI
8sin f =—8sin f+ gt DMI1Al
(=100 .94, 0.945 Al [14]
g

Notes for Qué

6(a)
M1 for an energy equation with correct no. of terms etc. (MO0 if no
energy equation used)

First Al and Second Al for a correct equation.
Third Al for 4.1 or 4.08 (m)

6(b)

M1 for a complete method to find an equation in sin only, using their
h.

(N.B. This equation could be obtained by getting two equations in « and
£ , which don’t require 4, and eliminating £, see above)

First A1ft for a correct equation, ft on their 2 (if used)
Second Al for 57°, 57.1°, 1.0 ,1.00 rad

6(c)

M1 for a complete method to find equation in & and S only
Either by equating horizontal velocity components: 12cosa =8cos
Or by finding the vertical velocity component at B, v,,, and then using

[v| - vyl
tanf=——— or smpbp=—.
d 12cosa o 8
First A1ft for a correct equation.
N.B.

v, can be found in a number of ways:
v=u+at: v, =12sina—1.5g

vi=u’+2as: v, :.\/(IZSino!)2 —2g x theirh

1 2

s=vi——at :h=15,+—gx1.5 =>vy, =
2 viTyE M 1.5 3 4

u+v)t:h:(12sina+v\,
2 2

s=(

4h .
)x1.5= vy, :?—1251110:

Second Al for f#=35.4° (35°) (0.617 rads or 0.62 rads)

6(d)

First M1 for a strategy to solve the problem

Second DM 1, dependent on first M, for attempt to set up an equation
based on the strategy

First Al for a correct equation in ¢,

Second Al for 0.94 or 0.945




October 2018

Q

Scheme

Marks

Notes

i

Velocityat T: - 12c0830° =1 (=ucos®)

Mi

Correct unsimplified equation for horizontal component

st =63=103. | Al
of
1 -12sin30°=u - 2g(=usind®~2x9) Mi
ing°= orrect unsimplified equation for vertical component of u
(usingP=13.) Al | Cortectunsimplfied quation forvertieal cormponentof
P 136 Solve equations for u or 6
i '@ DM Dependant on both preceding M marks
0=526 (53) Al | One correct (max 3 s.£)
u=171(17) Al | Both correct (max 3 s.£)
)
o . | o .
4b | Vertical distance: h= —123m30°x2+5x9.8x2' ML | Complete method usting suvat to find b
{or h:l7.lsin52_6°x2—£x9_8x22]
2 AL | Or equivalent correct unsimplified equation in
o 6 =) -2
h=16 (7.60) Al
8)
bl Ll
i Using energy: 5mu —5m12 =igh MIAI
h=T6 (140) Al




October 2018

Q Scheme Marks Notes
dc | Double the time from max htto T: 12sin30° =gt M
Time above I': 2r=2><]25m30 Al
§
=122 (1) (s) Al
3)
dc | Vertical component of speed equal magnitude and opposite sign: "
alt | ~12sin30°=125in30°- gT
Usin3(°
= Al
§
(=111 Al
3)
" Equation for vertical distance and solve for values of
al 7.6=usin(}°xt—%gf, 49¢ -13.6+76=0 M
B -8dHI8 A1 s
W Y
f=11 Al | From correct work only
3)

complete strategy M
For other altermatives: | correct equationint ~ Al
=122 Al

13




January 2019

Q Scheme Marks Notes
: | )
Change in KE: Ex 3x (15 - 102) (=187.5) (D) Bl One term correct unsimplified
8a . ) ) 3 B1 Two terms correct unsimplified
Gain in GPE: 3gx6sin20 (=603...) (J) B1 All three terms correct unsimplified
Work done against friction: 6F
) Dimensionally correct. All terms needed.
Work energy: MI Condone sign errors and sin/cos confusion
187.5=6F +18gsin20 Al Correct unsimplified equation
F=212 (21) Al
(6)
) Dimensionally correct. All terms needed.
8b | Energy: Ml Condone sign errors and sin/cos confusion
| : | e .
Ex3><100+3x9.8><651n ZOZEX3XW2 Al Correct unsimplified equation
w=11.8 (12) (ms™) Al
11.8
o
10cos20
o 1 2
Direction :cosa = IOIC(;:O M1 Use trig. to find a relevant angle
37.5° (37°) below the horizontal Al
3
:ﬂ Find components and use Pythagoras: M1 Condone sign errors and sin/cos confusion
: ; ) 7 Correct unsimplified equation
w= \/((1031n20) +12gsin20)+ (1005 20) AL | (4, 29396, v,=7205.)
w=11.8 (12) (ms™) Al
. 2 .
Direction * tan g = J(lOsm 20) +12gsin20 M1 Use trig. to find a relevant angle
10cos 20
37.5°(37°) below the horizontal | Al
6]

See over for (¢)




January 2019

Q Scheme Marks Notes
8c | Use suvat to find height above B: Ml Complete method
(10sin 20)2 =2gxs (s=0.5968....) Al Correct unsimplified equation in s
Total height = s+ 6sin 20 DM1 | Dependent on the preceding M1
=2.65(2.6) (m) Al
4)
:lct Vertical component of w (by trig or Pythagoras) M1
=7.205.. Al
Max ht = ;— DM1 | Dependent on the preceding M1
g
2
= 7205 =2.65 Al
19.6
4)
8c . . ) Using speed at max ht =10cos20°
alt Conservation of energy: Mi Need all terms. Condone sign error
1 1
Ex 3x(10cos 20")2 +3gh= 5 x 3w’ Al Correct unsimplified equation
. w” —100cos” 20° py1 | Substitute for w and solve for /
2g Dependent on the preceding M1
=2.65(2.6) (m) Al
4

[15]




January 2020

Question
Number Scheme Marks
Ta NB: sine/cosine confusion is not condoned in projectile questions M1
Use of conservation of energy
lm><252=lm><152+mrgh Al
2 2
= h=200r20.4 (m) Al (3)
7b Vertical distance M1
20.4=25sina@x3-4.5%x9.8 Alft
o =59°0r 59.3° Al (3)
Te Horizontal component of speed is constant M1
= 25cosa =15cos S8 Alft
B=32°0r31.8° Al (3)
Vertical distance
Tealt | 504=_15sin fx3+4.5x9.8 Mi
=32°0r31.8° Alft
f=32°or3l. Al (3)
Notes
7a M1 Need energy equation with all 3 terms. Must be dimensionally correct. Condone sign errors.
Al Correct unsimplified equation
Al Max 3 sf Not 1000 nor 200
49 g
7b M1 Use of suvat to find
Alft | Correct unsimplified equation in their 4
Al 0.554 rads. Max 3 sf From CWO
Te M1 Or horizontal distance travelled
Alft | Correct unsimplified in ¢ or their &
Al 0.554 rads. Max 3 sf From CWO
Tc alt
M1 Use of suvat to find f
- 1 2 . - - - .
Alft e.g. using s =t Y gt . Correct unsimplified equation in their /
Al 0.554 rads. Max 3 sf From CWO




January 2020

Question

Number Scheme Marks

d Min speed = horizontal component =25cosa (=15cos 3) lel )

=130r12.8 (ms™)

Te By considering vertical component of speed at B: M1
15sin31.8°— g7"=—15sin31.8° Alft
T'=160r1.61 (s) Al (3)

Notes [14]
7d M1 | Follow their angle. Must show working if using incorrect angle.

Al Max 3 sf From CWO

7e M1 | Complete method using suvat to find T
Alft | Correct unsimplified equation in 7 - follow their angles.
Al Max 3 sf From CWO




May 2020

Question | Solution Marks | Notes
Number
8a Horizontal component: p =8 Bl
Vertical component: —12=¢g—-3g M1 Complete method to find ¢ using
suvat. Condone sign errors.
g=174 Al 17 or better
Speed = /82 174 Use of Pythagoras to find speed
’ M1 using their velocity.
Independent M mark
=192 (19)(ms™) A1 | 3sfor2sf
(6)]
8b Use of Pythagoras to find vertical component M1
vertical component = +6 Al Seen or implied Accept without +/-
—6=6-98T Complete method using suvat to
DM1 | find required time
Dependent on the previous M1
r=1.22 (1'2) Al 3 sfor2st. Not@
49
“4)
8b alt Use suvat and Pythagoras to form an equation in¢ | M1 Or an inequality
8 4 (17_ 4_ gt)z ~100 Al Correct unsimplified equation for ¢
Accept inequality
Solve for T DM1 Complete method to obtain 7
Dependent on the previous M1
r=122 (12) Al 3sfor2sf. Not
49
“)
8c Velocity perpendicular ,
o) M Complete method to find vertical
— vertical component = gx 8 component of velocity at B
16
=— Al
3
. (16 Complete method to find the
(-12) = (—] —2g(-h) pM] | Tequired vertical distance using their
3 vertical component of the velocity
Dependent on the previous M1
h=590 (5.9)(m) Al Max 3 sf
@)
8c alt 8 8 3 Complete method to find the time
. =0 andtime =317 M1
174—gt J1-12 from B to 4
Time =3—-1.23...=1.768... Al
| 2 Complete method to find the
§=vi— ng =120-4.9 pM1 | required vertical distance using their
time
Dependent on the previous M1
5=5.9 (m) Al Max 3 sf




January 2021

| ]

Question Notes
Number Scheme Marks
7a Equation for conservation of energy. Ml Need all terms. Condone sign errors
1 X mx 144+ mx g x 20 = 1 v Al Correct unsimplified equation with at most
2 2 one error
Al Correct equation (with or without m)
v=23or 23.2 Al Max 3 s.f.
[4]
7b 12cos@x5=40 Ml Horizontal motion
Condone sine/cosine confusion
(minimum=) 12¢os@=8 (ms™) Al Final answer : do not ignore subsequent
working
2]
Tc Speed = 10 = Vertical component =6 (ms"') | Blft Follow their horizontal component
(i)6 =12sin@— gt M1 Vertical speed
\/g Al Correct equation for one value of ¢ or for the
=12x——gt time interval.
3 Correct trig value seen or implied
(¢t=0.30.. and t=1.52..)
Time=1.52.-0.30..=1.22... (s) Al Correct interval
Required time = 5—1.22 (s) M1 Find required time — follow their 1.22
=378 (s) Al Or3.8. Max 3s.f.
[6]
Alternatives for M1A1A1
Use of v=u+at (M1)
—-6=6—gt (A1) Or find time to top and double it
2 (AT)
g
Vertical speed: 6 =12sin68 — gt (MTI)
-6=12sin0-gt, (Al)
12 Al
lzzg(tz_t1): L—tLh=— D
g
Alternatives for BIM1A1A1
22 (BI) Using energy
ht above A g 2.24... seen or implied e.g. by 22.24...
. 1 M1 22 .
Use of s=ur+§ar2 ™MD 20+ — used with 12sin & is M0
g
22 : | B Al
—=12smmbft——gt” (A1)
g 2
Time=1.52.. - 0.30.. = 1.22... (s) (AlD) Correct interval
Speed 10, angle to horizontal (B1)
a = 10cosa =8
Time to top: 0 =10sina — gt (M1)
10x0.6 = gt (Al)




January 2021

| Al
Total time = — (AD

g

[11]




May 2021

Ta —12=12-gt M1 Use suvat to find time taken
24
t=—(=245 Al
L (-245)
AB = 6t M1 | Horizontal distance
=14.7(15) (m) 3sfor2sf
Not %90 (follows use of 9.8)
Al 144
Not — (do not accept g in the
g
denominator)
(C))
7b | Vertical component of velocity=(+)8 | BI
v =u?+2as M1 Complete method using suvat to
find A4
=8 =12"-2gh Al Correct unsimplified equation
h=4.08 (4_1) 3 sfor2sf
Not %4—090 (follows use of 9.8)
Al 40
Not — (do not accept g in the
g
denominator)
“)
7b 6 0 Correct expression for critical
alt v= -l |t =>12-gt=(+)8 Bl | value(s) of ¢
12) \g
B I, Complete method using suvat to
48 8 240 200 o .
=—— == Al Correct unsimplified equation
g 8 g g
h=4.08 (4.1) Al | 3sfor2sf
(C)]
Te 6 ) 6 ~0 M1 Complete method to find vertical
12 \ v component at C.
—>v=3 Al
v =6i+3j (ms—l) Al Must be a vector in terms of i
and j
6)(6 . .
If see ol )~ 0 leading to v = 6i—3j mark as a misread: M1AOAQ
v
3)
[11]
Accept working in column vectors throughout apart from the final Al




October 2021

8a Need all three terms and
Conservation of energy Ml dimensionally correct. Condone
sign errors.
1 1
5 mx10* +mgh = Em x18? Al Correct unsimplified equation
h=11.4 (1 1) Al 3 sfor 2 sfonly (not %)
3
8b Vertical distance M1 Complete methoc} us.ing suvat to
find angle of projection
. 1
1031nax2.5—5g><2.52 =—11.4 Alft | Follow their A
50° or better (50.1618...)
. Accept 50.3° from11.4
o :_50‘2 Al Seen or implied
or 10sina =v, =7.7678.... Might see sina = £ or
v, =47
Horizontal distance=10cosa x 2.5
Ml
or \HOOfv,,Z x2.5
=16.0 (]6) (m) Al 3 sfor 2 sfonly
(6)]
8c Using energy: )
1 1 M1 Complete method to find height
5mx64+mgs=5m><100 above A4
s =1.8367... Al 1.8 or better
Use of suvat to form equation in # M1
1.84=10sin50.2 xt—4.9¢> Al Correct unsimplified equation
Solve for ¢ and find difference between Com-plete-method to find the
DM1 | required time Dependent on 2
roots previous M marks
T'=0.98 or 0.978 Al 2 sfor3 sf
(6)
8c ) Complete method to find
alt Use of Pythagoras MI vertical component of speed
Vertical speed
\/64—(10005(1)2 _48. Al Awrt 4.8 or better
Use of 10sine — gt =+v to find ¢ Ml
10sin 50.2° - g1, = 4.8 Al Correct unsimplified equations
10sin50.2—gt, = 4.8 Could also find time to top
Complete method to find the
I'=t,-t,=127..-0.29.. DM1 | required time Dependent on 2
previous M marks
=0.98 or0.978 Al Final answer. 2 sfor 3 sf
(6)
8calt | Use of Pythagoras to form quadratic in ¢ Ml
(10sin@—gr)* +(10cos6)’ = 64 Al




October 2021

Simplify and substitute for trig MI
36+9.8°1* —150.5¢=0 Al
Complete method to find the
I'=t,-t,=127..-0.29.. DM1 | required time Dependent on 2
previous M marks
=0.98 or0.978 Al Final answer. 2 sfor 3 sf

[14]




January 2022

Ta Horizontal distance M1 Correct use of suvat
X=ucosat Al Correct equation
Vertical distance M1 Correct use of suvat
R I Correct equation. Correct signs.
y-usmat 2 &t Al Condone if not using “y”
X
= =
ucosa
. X g x ’ Dependent on the first 2 M marks.
y=usma. ucosa 2\ ucosa DM1 | Substitute for 7 to obtain y in terms
, ofxand &
X
=xtana —g—zsec2 a
2u
Obtain given answer from correct
2 working (final step needs to be
y:xtana—g—2(1+tan2a) * Al* explained).
2u Allow if sec” & seen.
Must be “y” here
[6]
| u=20,x=10,y>2 =
100g 5 Use given values to form
2=10tan6 - W(l +tan ‘9) M| | Quadraticin tan @ or equivalent
equation in one trig function.
gtanz 9—10tan9+(2+g] ~0 Allow working with =, <or > 2
8 8
Critical values:
6° =18.6° or §°=82.7° Al One correct value to 2 sf or better
Accept <or <
Range: 18.6 <0 <82.7 Al (19S9$82 or 83) max 3 s
[3]
Tc B o 9.8x100 2 400 Use given formula to find vertical
y =10tan 40 m(1+tan 40°) M1 height
_ Can be implied by correctly
y=6J3 (03"') (m) Al substituted formula
Dependent on the first M1.
Conservation of energy DMI | Need all 3 terms. Dimensionally
correct. Condone sign errors.
lmvz _ lm x 400 — mgy Alft Corregt unsimplified equation in y
2 2 or their y
v=17 (16.6)(ms") Al | 2sfor 3sf only
[3]
Tc Complete method using suvat to
alt 20c0s40°f =10 . = —0.653.... Vertical. component of speed e.g.
2cos40° Ml by finding time taken then use of
) v, =20sin40° - gt v =u— gt or finding vertical
distance and using suvat
6.5 or better (not final answer so
=6.5 (6.459...) Al allow > 3sf or a correct
unsimplified expression)
v =(vy )2 +(v, )2 DM1 | Correct use of Pythagoras




January 2022

Dependent on preceding M mark

Horizontal component of speed

v, =20c0s40°(=153....) Al o implied
v=17 (l6.6)(m57') Al 2sf or 3sf only
[3]
7d 2 M1 Complete method to solve for x.
0=xtan 40°—&(1+ tan’ 40°)
800
x=40 (4()_2) (m) Al 2sf or 3sf only
[2]
;’jtl ye 0= o 40s1n 40° (: 2.623...) M1 Complete method to solve for x.
g
x=20cos40°x¢
x=40 (40,2) (m) Al 2sf or 3sf only
[2]
7d 207 sin 80° M1 Complete method to solve for x.
Alt2 | Range= ———
g
=40 (40_2) (m) Al 2sf or 3sf only

2]

(16)




October 2022

8(a) | Normal reaction between P and ramp Seen or implied.
U . o
(R] =0.3g cosa(= 0.J¢ XE= 2.82....J M Condone sin / cos confusion (implied by use of % )
Work done against friction:%R 15 M| | Useof WD= R xdistance with their R
= 8.47(8.5)(]) Al | 3sfor2sf
3
§(b) | Work-energy equation " Al terms required. Dimensionally comrect, Condone sign
CITOrS,
| l Follow their answer fo (a)
X0 ==x03x25" 4 (a)+03xgx(15sina Alft | Correct unsimplified equation with at most ong error
2 ! Alft | Correct unsimplified equation
U=006 (%) Al [ 3sforsf
4
§(c) |Timetoground: MI | Complete method using suvar to form an equation in {
-I3sing =Tr-Lgf Al | Comect unsimplified equation in f
(=188 (19) 5 AL | 3sforsf 22 is Ao
3
§(d) | Vertical component of speed M1 | Oruse energy to find the speed
=ir(7—(theirr)><g) (£11459... or 0.15x625+ 3x98xtheir42=015" y=2659.
Alft 167
condone v:T
Correct se of trig: tanB":tlualr el M| oor cosgf’:i
4 their speed
9=25.5(26] Al | 3sfor2sf
4

Reminder: The accuracy penalty for overspecified answers should be applied only once in any question (the first time scen).
Similarly for the use of g = 9.81. If they make both of these errors they lose 2 A marks. The penalty applies to the final mark in any

part,

(14




January 2023

8a | Condone use of @ or a mixture of € and & throughout but final answer should be in one
variable.
Equation for horizontal distance M1 Complete method using suvat.
Condone sine / cosine confusion
X=ucosai Al Correct only
Equation for vertical distance Complete method using suvat.
M1 Condone sine / cosine confusion and
sign error
. |
y= usmozz—igt2 Al Correct only
t= ¥ — Substitute for ¢ to obtain y in terms of
ucosa
) pMl | ¥ and « _
Cysing X & ( X J Dependent on the 2 preceding M
4 ‘ucosa 2\ ucosa marks
ax’ 2\ s Obtain given answer from full and
— y=xtana — 2 (1 +tan 0‘) correct working. Need some evidence
*
Al for the final step. —=l+tan’ &
cos" &
is not sufficient.
6
8b | Conservation of energy: M1 Method specified in the question.
Need all terms and dimensionally
correct. Condone sign errors
| 1
2 mx 25 = 3 mU? +mg x 20 Al Correct unsimplified equation
U=153 (15) Al 3 sfor 2 sfonly
3
8¢ | Use part (a) or work from first principles to 9.8x900 5
form an equation in tané MI —20=30tan0 - 202 (1+tan®0)
Obtain 18 9tan” @ —30tand—1.07 =0 Or 3 term equivalent Follow their U
(4410 tan? 0 —30tan g — 220 — 0) Alft | Can be implied by a correct final
3 233 answer
=>@=583° or 58° Al 3 sfor2 sfonly

(12)




May 2023

Question Scheme Marks Notes
Q requires energy. Need all terms and
Energy equation Ml dimensionally correct. Condone sign
eITor.
Ta 1 5, 1 o .
> mv° = > m (9 + 4) +mg x20 Al Correct unsimplified equation
v=20(20.1) (msfl) Al 2 sfor 3 sfonly. Not 935
B)
Complete method to find the direction as an Ml Complete method to find trig ratio for a
angle relevant angle
Correct unsimplified equation for a
cosa = their (a) Alft relevant angle.
b eir (a) Follow their part (a)
Or equivalent.
) 2sfor3 st
a=281° (8 1.4°) below the horizontal Al Needs to be clear on a diagram or in
words where the angle is measured.
Accept “to the horizontal”
3)
Complete method to find the direction as a M1
vector in i and j or as a column vector
7b o Correct unsimplified equation. Follow
= 2 —_
alt Component = /(a)* — 9 Alft their part (a)
. . 2sfor3sf
Direction 31— 19.9] Al ISW after correct vector seen
3)
Form an equation in ¢ M1 Complete method using suvat
Condone sign errors.
1
eg —20=2t——gt’ or
Te 2 Al Correct unsimplified equation
(-20.1...)sina =2 — gt
1=22(223)(s) Al 2 sfor 3 sfonly
3
. L as g Horizontal component unchanged and
P dicul locity = 31—
erpendicular velocity =3i - 4] Bl vertical not equal to £2. Seen or implied
Complete method to solve for vertical
. . T component
(3i+ 2J)'(3l &J) 0 MI If using angles, they should be using
56.3° for the perpendicular direction.
_ N -1 Correct vertical component seen or
—Vvs ((3') > J)(ms ) AL implied
Complete method to find the vertical
7d Use of suvat or use of energy to find relevant dM1 component of perpendicular velocity.
distance Dependent on the previous M1 Working
with 3i — 2j is not equivalent work
9 .
5] = 27 +2gs or Correct unsimplified equation for their
| ) 81 Al distance
—m(13)+mgs=—m| 9+—
ym13)+mes =3 ( 4 )
h=20-5=19(19.2) Al 2 sfor3sf
(6)




October 2023

Question | Scheme Mark | Notes
4a in 45° Ml Complete method using suvat
4_g11 = O or I{ - M
g
T, =0.408(0.41) Al 3sfor2sfonly. Not 2
2]
4b Height of QO above P: M1 Complete method using suvat and 7
and 4 for the initial vertical
components
h=(7T -1gr*)— (4T, -1gT?) (=3T) | Al Correct unsimplified expression in 77
( b ) ( b l) (=31) or their 71 They do not need to have
substituted for 71
(2.0408... - 0.8163...)
h=1.2(m) Alft | 2 sfonly (3xtheirT;)
[3]
4c Correct time for P to reach B. Bl Seen or implied.
(35 .0.816, or £ or better)
Vertical component of speed M1 Complete method using suvat with
=7-gx2T (=-1) 2T\ or their ¢ for the time at B
MO if not using 7
their 1 M1 Correct use of their 1 and 5 to find an
tano =+ ..
5 equation in a relevant angle (e.g. 90 —
o)
a =11 Al 11 or better (e.g. 11.3)
If they use 71 in place of 271 can score BOMOM1A(
[4]
4d Form an equation in 7, only M1 Complete method using suvat and
perpendicular gradients.
5 5
e.gl | =
“\7)\7-er,
Condone sign errors
(Vertical component of speed =+2)
(perpendicular direction is downwards
at 35.5° to the horizontal)
25 o .
7= 7-gT, Al Correct unsimplified equation
T,=1080r7,=1.1 Al 3 sfor 2 sfonly

3]

(12)
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\1F)

8a Use symmetry to find time taken: M1 Or equivalent complete method using
~T7=T7— gt suvat 1o find the time taken e.g. find the
time for vertical distance =0
14 Al Correct value seen or implied
1=—(=1428..)
g
Horizontal distance = 4¢ DM1 | Complete method using suvat to find the
distance. Dependent on the preceding M1
:5,71(111) or 5,7(m) Al 3 sfor2sfonly 4 scores A0
% scores AQ (incorrect units)
[4]
8a alt | Find speed and angle of projection Ml Correct use of Pythagoras and trig.
Speed = 16 +49 = /65 (ms—l) Al Both values seen or implied.
a7
Direction = tan IZ (= 60.30)
2. DM1 | Or equivalent. Dependent on the
u” sin2a q p
Useof R=—— preceding M1
g
:5.71(111) or 57(m) Al 3 sfor2 sfonly
[4]
8b M =5=v=4i+3jor v=4i-3j Bl Correct vertical component seen or
implied
-3=3-gT M1 Complete method to find T’
14 4
eg I'=——-2x—
g g
T'=06120r7T=0.061 Al 3 sfor2sfonly 35 scores AO
§ scores A0 (incorrect units)
[3]
8¢ 4\ (4 MI Or equivalent method to find
: =0 perpendicular velocity
7)\p
16 .16 Al Correct vertical component
=>p=——7, v=4i——j] Allow -2.28....
16 2 DM1 | Complete method using suvat or energy to
((—)—] =7?_20h form an equation in / only.
7 Dependent on the preceding M1
h=2230orh=22 Al 3 sfor 2 sfonly cso (negative vertical
component seen at some point)
[4]
8c 4 4 Or equivalent method to find time when
alt . =0 Ml velocity perpendicular
T)\T—gt
65 Correct time
t=—(=0.947..) Al
78
h=Tt—1 g[z DM1 Comp_lete_ method using suvat to form an
equation in A only.
h=2230rh=22 Al 3 sfor 2 sfonly cso
[4]
(11)




