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Q1.
?ql:‘enjggp Scheme Marks

. After 4 seconds from O. horizontal Bl

speed =ucosé
Vertical component of speedat 4| M1 Complete method using suvat to
= u+at find v.
Al

= usinf—4g
At A, components are 15cos20 Bl
(horizontal) and 15sin 20 (vertical)

DM1 | Form simultaneous equations in
ticos@=15cos20 u and & and attempt to solve for
usin@=15smn20+4g uord. Depends on the previous

M1
Al Remember - A0 for the first
=724 (72) overspecified answer
Al
u=46.5 (47)
]
After 4 seconds from O. horizontal Bl
Alt a
speed =wcosé
1 M1 Complete method to find the
=gt _Egﬁ ver[iafal height at 4
=908.0....... Al
At A, components are 15¢cos20 Bl
(horizontal) and 15sin 20 (vertical)

DM1 | Conservation of energy. The
S T . 5 equation needs to include all
—mv- =—mu" —2g s

2 three terms but condone sign
error(s).
Al Remember - A0 for the first
u=46.5 (47) overspecified answer
Al Beware mappropriate use of

8=724 (72)

suvar
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—15sm20=15sm20—gf or M1 Complete method using suvat or
. otherwise to find the time to
0= 1531112[]?_53?_ travel from 4 to B
t=1.05(s) Al
or 1.0 (s)
o] |

, Bliu Follow their ¢ or using for

Total time =4+(1.053)+4 g
their 1.8

Range = 46.5xc0s72.4x(8+ 1_(}5) M1 Correct method to find OC for

(or 15¢0520x9.05) e L aid 8

=128 (m) or 127 (m) (130) Al
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Q2.
Q. Scheme Marks
1 Vertical distance. Condone sign errors.
(@) | 2=-2usin@+—gx4 M1 Must have used 1= 2. but could be using
= Uy =usin@
[—2 — uﬁlﬂt-%gt‘} Al All correct
nsind=g-1
2 @=8 =4 s
s {08 ) Bl Horizontal distance. Accept Uy =% oe.
fuzos €t =8)
g-1 £ s ; '
tand = e 2.2 M1 Divide to obtain expression for tan@
Al Given answer
It is acceptable to quote and use the
equation for the projectile path. Incorrect
equation is 05,
(b) | ucos@=4 M1 Use the horizontal distance and & to find u
4 0.67 or 9.7
"= E=9.ﬁﬁ.. =07 Al NB @=656" |cading to 9.68 is an
e accuracy penalty.
OR use components from (a) and
Pythagoras.
1 Equation for vertical distance = T to give
C ={l- = = Ml =
e). | Em=iE—ghr +2 PR a quadratic i T. Allow their uy
49T° -8.8T-6=0
T S.SiJ[{—]S.S] +24x4.9 DM1 | Solve a 3 term quadratic
08
T=2323..=232 or 23 Al 2.3 0r2.32 only
(@) | v'=8.8"+2gx6 or v=-8.8+gT M1 Use suvat to find vertical speed
Al Correct equation their wy. T
v=13.96...
Horiz speed =4
g oo ¥ DMy | Corrset 'Frig. with their vertical speed to find
4 the required angle.
Al Correct equation
a=T401..=74° Al 74° or 780"  Allow 106.
Alternative:
;m{?ﬁﬁ&l}’ + 6mg = %m#’ M1 Conservation of energy to find speed
v=1452719.. Al
_ 4 DM1 | Correct method for a
. Al
a=T401..=74° Al Allow 106
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Q3.
i Scheme Marks
M1 Complete method using swvar (o form an equalion in w,.
-
W i Al Correct equation &g, 0=’ —20g
w=ld * Al *Answer glven® requires squation and working, Including 196,
e SEET.
12
OR conservation of energy: M1 Initial KE = gain in GPE + final KE
-;m{[f:*",ll'mgxm*%mﬂll IE"-E =45 Al Cormect equation
= * Al *Answer given™
3
(b M1 U'se the veriical distance travelled to find the tolal tlme (aken.
(1), =525=14r=4 o' Al Al most one error
Al Correct eguation
4077 - 140 =525 =0 DM Solve for ¢ Dependent on the preceding M mark
(=542 +105) =0 =5 Al only
(—). 50 =5u, M1 Uise thetr time of Mlight to form an equation in oy
u, =10 Al only
o Use of Pythaporas with two non-2efo components. of solullon of
u=y10° 4 14° M1 a pair of simultaneous equations in v and a.
_ | 17.2 o0 1T (method involves use of g = 9.8 so an exact surd
=v206: 1T.2ms Al answer 15 nod acceptable)
(4
See next page for an alternative route o w. and {c).
OR First 3 marks for the quadratic as above.
5ﬂ=umm m’ﬁﬂ= uH_r M]_ L?s&dlnlhﬂquu&dratl[‘
2
19 2| _100{ 2 |_s25-0
I \Yar/ Al Correct quadratic in u,
525(u, ¥+ 140 uy, J—-122500 =
Dependent on the M mark for settlng up the inital quadratc
Solve for i, DM equation in L.
g =10 Al only
Bir. Complete as above,
i tan OBA =£5;= 105 Bl Correct direction o.e. (acoept reciprocal)
Use trig. with their wyand correct interpretation of direction o
¥ =1L05x10=10.5 M1 find the vertical component of speed.
Working with distances is M0, (condone 10+1.05)
DM Use suval to form a0 equation in L. Dependent on the preceding
M.
(1), -105=14—gt Al Correct equation for thelr wy
For incorrect direction give Al here,
=25 Al only
(5
17
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Q4.
Question Scheme Marks | AOs
Note that g = 10; penalise once for whole guestion if g = 9.8
(a) v e R e ; -
Use s=ui+ 5 ait” vertically or any complete method to give an M1 34
equation in f only
1 . Al 1.1b
—70=65sInaxt——xgxt
2 M@ | 11b
t=7 (s) Al 1.1b
(4)

(b) Horizontal velocity component at 4 = 65cosa  (60) Bl 34
Complete method to find vertical velocity component at A M1 34
65sma—g=7 OR 1‘."(—25)2 +2g=70 {43) Alfe 1.1b
Sub for tng and square. add and square root : xn'ﬁﬂ: +(—45)* M1 3.1b
75 Accept 80 (ms™) Al 1.1b

)
e.g. an approximate value of g has been used. the dimensions of
© the stone could affect 1ts motion, spin of the stone, g = 10 mnstead B1 35
¢ of 9 8 has been used. g has been assumed to be constant. wind
effect, shape of the stone
(1)
(10 marks)
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Notes:
a | Ml Complete method. correct no. of terms. condone sign errors and sin/cos confusion
Al Correct equation in ¢ only with at most one error

M(A) | Correct equation 1n ¢ only

N.B. For “up and down ™ methods etc. the two A marks are for all the equations that
they use, lose a mark for each error.

Al Cao (g=98_.710or711) (g=981.710r7.12)
L | Bl Seen. including on a diagram.
M1 Condone sign errors and sin/cos confusion
Alft Correct expression; accept negative of this. follow their ¢
M1 Sub for trig and use Pythagoras
Al Cao (g=9B8B0or981 _ 73o0r748)

¢ | Bl B0 if incorrect extras
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Q5.
'Q;llEStiOﬂ Scheme Marks Notes
Number
Considering energy: All terms required. Terms need to be of
M1 ;
(a) 1 5t . the correct form but condone sign errors.
a RS 3 AN g A2 -1 each error in the unsimplified equation
h:ﬁ — 490 Al Accept E Maximum 3 s f if they go in
g @) 2
to decimals.
Initial v, =14sina Final Using v =" + 2as on the vertical
alt(a) e m components of speed.
100—196 cos® &z =196 sin:cf—lgh Mi1A2 | -1 each error in the unsimplified equation
pio 48 190 Al Accept in exact form. Maximum 3 s.f of
= g S 4 they go in to decimals.
NB Using v* =u” + 2as with 10 and 14 is M0
In part (a) they must be solving the general
NB case, not using 0.85. However, the marks in
(b) are all available if they solve the specific
case in (a).
) ) 1 . A complete method to find an equation in
(h) Vertical distance: 7 =14sin o — = =9 8 M1 t. Must involve trig condone sin/cos
= confusion
497 119 +h=0 |A2 Correct in /i or their &. -1 each error
Solve a 3 term quadratic for ¢
11.9+ m DM | Needs their value for & now.
‘ 9.8
r=1903.... Al 1.9 or better
_ _ Ml Method for 'thg horizqngal distance..
Honzontal distance: x=14cos ¢ & Condone consistent sin/cos confusion
Al Correct for their positive ¢
=140 (m) Al Accept 14
(&)
_ M1 A complete method to find the vertical
Alt (b) | Vertical speed = \/1 00 —(144:05 cc] (=6.15) | component of the speed at B.

A2 Correct insimplified. -1 each error.
v=u+atr=14=x085-98¢ Use their vertical component to find ¢
(-6.75=11.9-9.87) el

F=1905... Al 1.9 or better
Hori L. WA M1 Method for T.he_ hori;optal distance
Al Correct for their positive ¢
=14.0 (m) Al Accept 14
(8)

[12]
Candidates with a false method leading to
4.9 1n (a) score at most

NB MIAIAIDMIAOMIALIAD if they use their

result in (b). This error does not affect the
alt (b) approach
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Q6.
gﬁ?:l:;z:} Scheme Marks
(@) (4) u, =255in30° (=125) B1
12=12.5t+49¢ —1 each error M1A2.1.0
Leadingto t=0743 . 0.74 Al (5)
. [ 2543 R
() (—) w =2500830° | = ——=2165 | Bl
LY = /l
OB =25c0os30%xr (=16.094 ﬁS) ft their (a) M1 Alft
TB=1.1 (m) awrt 1.09 Al (4
. 15 243
(c) {:—}ﬁ ]_5:1{_1_%.{':>T=—(= .;E‘-:D'ﬁl‘:}} or 0.69) M1 Al
I,
either (4) v, =12.5+9.8¢ (~19.2896) Ml
7 =u'+v,’ (~840.840)
V=29 (ms™) . 29.0 M1 A1 (5)
(14 marks)




MrModoniMaths.com @

Q7.
(a) 2 Iy M1
Using s =utr+ Ear Method must be
clear
r=(31)i+(10+5r-4.9¢")j Answer given i
(3)
(b) j component =0: 10+ 5¢—4.9¢° M1
; 5+/25+196  5++/221 s
quadratic formula: f= ——4M4Mm—— = ————
08 08
IT=203(s).20(s) positive solution only. Al
(3)
(€) | Differentiating the position vector (or working from first principles) M1
v=3i+(5-980j (ms™H At
(2)
(d) | At B the j component of the velocity is the negative of the i component: 5 | M1
—08t=-3, 8=928¢ Al
(2)
t=0282
O el cud—TTe P =/IB=190(msY Al

(2)
[12]
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Q8.
Question S =
Number
(a) -  30=2ut Bl
T —475=5ur—4.9¢ M1 Al
—475=75—-49¢ eliminating w ort | DM1
T5+47.5
= T (=25) DM1
49
Al
t=5 % cso
(6)
(b) W=2uf = 30=10u =u=3 M1 Al
(2)
(c) T y=5—-98=-34 M1 requires both | M1 Al
—» X=2u==6 x and y Al
V2 =6 +(-34) DM1
- Al
va345 (ms™ accept 35
(ms”) s | AL
[13]
Alternative to (c)
- )
1mi—im? =mxgx47.5 with 2 =6"+15=261 M1AGLO
vz =261+2x9.8x47.5 (=1192) DM1
vy =345 (ms'l] accept 35 ‘é;

BEWARE - Watch out for incorrect use of v> =u? + 2as
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Q9.
Question
Number Scheme Marks
(a) | - x=ucosar =10 M141
t y=u sium‘—%gr: =2 M1A1
10
= =
W CDs o
. 10 100
2=usmax -£, — M1
Heosa 21 wTcosTa
50g :
=10tan & - ——=— (g1ven answer) A1
i cos" o
(-3
(b} 100g x 2
2=10x1- =
2u° =1 M1A1
, 100 100
H'=-—g.ﬂ= I—g—ll.l {ms'll Al
8 Y s
1 - 08w 1 ol
E]"H'H =mx¥, Ka+3”‘” M141
v=0 1ms™ A1
(-3

[12]
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Q10.
-
%1:3;2;1 Scheme Marks
(a)
o o
Horiz: x=wucosat Bl
Vert: y=unsm ar-{-gfl M1
: x 1 x
y=usimnax e e DM1
ucosa 2 N cosT o
2
}‘=xrana'"—7§1-1— s Al
2u cos o
4
e’
(b) y=-7: -T=tand4Sx-—= M1 Al
2% 7 cos” 45
0.8y’
-llf-
- =_'[._.£... M1
¥ —5x—35=0
S++/25+4%x35
X= 3 Ml
x=8920r89 Al
(5)
. . 8922
(c) Time to travel 8.922 m honzontally = =1.802..s5 M1
Tecosd5
8.922
V= M1 Al £
1.402
=636 or 6.4 (ms™) Al
(4)
13
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QM.
Question Scheme Marks
Number
(a) i — distance = 6¢ Bl
j T distance = 12r—%gr2 M1 A1
AtB. 2| 12:—%14:2 |=6t M1 Al
(24— 6)t = gt” DM1
18=gt, r=E(=1_345} Al
g
(7
(b) 1— speed =0 Bl
j 1 velocity=12-gt=-6 M1 Al
s.speed at A
= /67 + 67 =72 = 64/2(=8 49)ms ™) M1 Al
)
(c) T speed=12—gr=146 M1 Al ft
t =E(= 061s) Al
£
(3
15
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Q12.
Q.
Scheme Marks Motes
A
A I 4 m =
30c0s60x 2 +gcos Hx2 =40 Mi Equation for honizontal distance
B - ) Need to be using the 40 m
Al Correct unsimplified
30smG0x2—49xd=gsmbx2-49x4 Equal vertical distance or initial vertical
30sin60 = gsm & M1 components of velocity
Al Correct unsimplified (no error seen)
goosf =15
gsinf =15 ﬁ
tan 8 = 3+f3 Solve forg or &
(tan 8 = 65in 60 DM1 Dependent on both preceding M marks
=791 (79) (1.38 radians) or better
A | =
4= 26452265 & (26 or better) ¢_104T}|
Both correct and no error seen
(6)
Must be working towards speed of P (or v%)
b | Vertical component of speed = Ml (condone if working on @ - they equal
vertical components of velocity)
30sin60—2g(=6.38...) Al Correct unsimplified. Accept =
_ z z : Use Pythagoras. Dependent on previous M
speed _“Jl: A0zogol) ce0 I DMI Follow their vertical component.
Alft Correct unsimplified equation in v or v°.
=15 +6.38° =16.3(m 1) | Al or 16 2 or 3 sf only
— &) .
b alt | Vertical distance = Mi Iust be working towards speed of P
305 60=2—4.9=x4=3236 Al Correct unsimplified
L _ Dependent on previous M.
Cis O ol ity il Follow their vertical distance.
L-ooon 1 ; o
—m +mg x32.36 =—mx 900 Alfr Correct unsimplified equation in v or v*.
2 2
v=16.3 (ms?) (16) Al
()
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Q13.
| Question Scheme | Marks | Aos
{a) Using horizontal motion M1 33
Ucos45°t =100 Al 1.1b
Using vertical motion M1 34
Usinﬁlﬁ”:—égfz:—zﬁ Al 1.1b
Solve problem by eliminating f and solving for IV M1 31b
f=28%* Al* 1.1b
(6)
(b) Using vertical motion M1 34
0* = (28sin45°)* —2gh Al | 1.1b
Greatest height =43 m Al 1.1b
(3)
(c) New value = 28 Bl 3.5a
1)
(d) e.g. wind effects, more accu:ra_te value of g, spimn of ball, include size B1 3 5¢
of the ball. not model as a particle, shape of ball
(1)
(11 marks)
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Notes:
Ve Complete method to give equation i [/ and f only. condone sin/cos confusion and sign
Errors
Al Correct equation
M1 Complete method to give equation in I and f only. condone sin/cos confusion and sign

ETTOIS

Al Correct equation (g does not need to be substituted)

Must have earned the previous two M marks.
Eliminate f and solve for L7

M1
N.B. They may solve for ¢ first (IDD—%gr] =—23) and then use 1t to find [J.
Al® Exact given answer correctly obtained with no wrong working (e g. g =9 81 used) or
approXimation seemn.
b (M1 Complete method to give equation i /4 only (allow if L7 not substituted). condone

sin/cos confusion and sign errors

Al Correct equation (g does not need to be substituted) (AD if [V 1s used instead of 28)

Al cao

c | Bl Clear statement

Penalise incorrect extras 1.e. BO if there are incorrect extras.
d | Bl The ground being horizontal, the cliff being vertical. .. are not part of the model so B0
Include weight/mass of the ball B0




