A level Applied Paper 3B Mechanics Practice Paper M12 MARK SCHEME

Question 1
%‘:ﬁﬁgg? Scheme Marks
@) v(m s")A —/\ B1
20 — |
AN / 20, 8,25 | BI 3)
P
0 25 >t(s)
(b) v=u+at = 8§=20-0.4¢ Ml
=30 (s) Al )
(c)
1960 =(25x 20) +(30 x 8) + (4 x 30 x 12) + (60 x 8) + 8 x ¢ + Yo x ¢x 12 | M1A3 ft
(2,1,0)
1960 = 500 + 240 + 180 + 480 + 14¢ DMI Al
T=115+40 B
=155 o
(8)
N.B. SEE ALTERNATIVES [13]
(@

First B1 for 1% section of graph
Second B1 for 2" section
Third B1 for the figures 20, 8 and 25

(b)

M1 for a complete method to produce an equation in t only; allow (20 - 8)/0.4

A1 for 30 N.B.

Give AO for t = — 30, even if changed to 30, but then allow use of 30 in part (c), where full marks could
then be scored.

(c)
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First M1 (generous) for clear attempt to find whole area under their graph (must include at least one
"1/2"), in terms of a single unknown time (t say),and equate it to 1960.

First A3, ft on their (b), for a correct equation.

Deduct 1 mark for each numerical error, or omission, in each of the 4 sections of the area corresponding
to each stage of the motion. (they may ‘slice’ it, horizontally into 3 sections, or a combination of the two)
Second DM1, dependent on first M1, for simplifying to produce an equation with all their t terms collected.
Fourth A1 for a correct equation for tor T

Third DM1, dependent on second M1. for solving for T

Fifth A1 155

Please note that any incorrect answer to (b) will lead to an answer of 155 in (c) and can score max

6/8;

—

Solutions with the correct answer of 155 will need to be checked carefully.
Solutions to (c) N.B.t=T-115

A. 1960=(25x20)+30x8)+(2x30x 12)+(60x8)+8x¢t +'2axtx 12 M1 A3 ft

1960 = 500 + 240 + 180 + 480 + 14¢ M1 Al
T=115+40 MI
= 155 Al
B. 1960=(25x20)+%x30x(20+8)+(60x 8)+ Y4 xt x(20+R) M1 A3 ft
1960 = 500 + 420 + 480 + 14¢ MI1 Al
T=115+40 Ml
= 155 Al
C. 1960=8T+%x12x(55+25)+%x 12x(T-115) M1 A3 ft
1960 =87+ 480 + 67T - 690
1960 = 14T -210 MI1 Al
155=T Ml Al
D. 1960=20T- Y2x 12 x (60 + T-25) M1 A3 ft
1960 =207 -6T-210
1960 = 14T -210 MI1 Al
155=T Ml Al
E. 1960=(55x20)-%x30x12+(60x8)+ % xt x (20 + 8) M1 A3 ft
1960 = 1100 - 180 +480 + 14¢ MI1 Al
T=115+40 Ml
= 155 Al
F. 1960=(8x 115 +%x12x(55+25)+% x28x (T-115) M1 A3 ft
1960 = 920+ 480+ 147 -1610
1960 = 147 =210 Ml Al
155= F Ml Al
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Question 2

?\IL:ES;EZ? Scheme Marks
(a) vi=ul+2as = 28 =u’+2x9.8x17.5 M1 Al
Leading to u=21 % cso | Al 3)
(b) s=ur+%m: = 19=21r—4.9¢ —| M1 Al
49 = 21t+19=0
;212921 - 4x4.9x19
2 0.8
t=2.99 or 3.0 —| DM1 Al Al
t=1.300r1.3 (5)
(c) N2L 4g —5000=4a MI1 Al
(a=-1240.2)
v =u’+2as = 0°=28>-2x12402xs
Leading to s=0.316 (m) or 0.32 | M1 Al 4)
[12]
OR
3 Xx4x28% +4gs = 5000s M1 Al
Work-Energy: §=0.316 or 0.32 M1 Al
(a)

First M1 for a complete method for finding u e.g.

282 = ? +2gx17.5

or 282 = u? + 2(-g)*x(-17.5)

or 282 = 2gs=s = 40 then 0% = u? + 2(-g)*(22.5)

condone sign errors

First A1 for a correct equation(s) with g = 9.8

Second A1 for "u = 21" PRINTED ANSWER

N.B. Allow a verification method, but they must state, as a conclusion, that "u = 21", to score the final A1.

(b)

First M1 for a complete method for finding at least one ¢ value i.e. for producing an equation in £ only.
(condone sign errors but not missing terms)

First A1 for a correct quadratic equation in f only or TWO correct linear equations in f only.

Second DM1, dependent on first M1, for attempt to solve the quadratic or one of the linear equations.
Second A1 for 3.0 or 3 or 2.99

Third A1 for 1.3 or 1.30

(c)
First M1 for resolving vertically with usual rules.
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First A1 for a correct equation
Second M1 for use of v* = u? + 2as , with v=0, u= 28 or u = 0 and v = 28 and their a, (or any other

complete method which produces an equation in s,which could be negative)
MO if they haven't calculated a value of a.
Second A1 for 0.32 or 0.316. (must be positive since it's a distance)
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Question 3

P(0.3 kg 0.5 kg
( ) 5t iy ol )
(a) Forsystem N2L 4-3=0.8a M1 Al
a=125 (ms?) .13 Al (3)
(b) v=u+at = v=0+125%x6=75 (ms™) MIAlL (2
(c) ForP N2L T-1=0.3x1.25 ft theira | M1 Alft
=1.375 (N) 1.38. 1.
T=1.375 (N) 1.38. 1.4 5 -
OR ForQ N2L 4-2-T=05x125
P(0.3 kg) 0(0.5 kg)
@ ~@
IN 2N
(d) For system N2L -3=0.8a = a=-3.75 M1 Al
vi=u'+2as = 0°=7.5"-2x3.75s M1
=7.5 (m) Al 4)
(¢) ForP N2L T'+1=0.3x3.75 M1 Al
T'=0.125 (N).0.13 Al @3)
(15]
Alternative for (¢)
ForQ N2L 2-T’'=0.5%3.75 M1 Al
T'=0.125 (N),0.13 Al 3)

(a)(In parts (a), (c), (d) and (e) use the value of the mass being used to guide you as to which part
of the system is being considered, and mark equation(s) accordingly)

M1 for resolving horizontally to produce an equation in a ONLY.

First A1 for a correct equation

Second A1 for 1.25

(b)

M1 for a complete method to find the speed
Alcao7.5
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(c)

M1 for resolving horizontally, for either P or Q, to produce an equation in T only.
First A1ft for a correct equation,ft on their a
Second A1 cao for 1.38 (N) or 1.375 (N)

(d)

First M1 for resolving horizontally to produce an equation in a ONLY.

First A1cao for =3.75 (or 3.75)

Second M1 for use of v = u? + 2as , with v = 0, u= their (b) and their a, (or any other complete method
which produces an equation in s only)

MO if they haven't calculated a value of a.

Second A1 for 7.5 m

(e)

M1 for resolving horizontally, for either P or Q, to produce an equation in T only.
MO if they haven't calculated a value of a

First A1cao for a correct equation

Second A1 cao for 0.125 or 0.13 (N) (must be positive)
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Question 4

%Tﬁigg:_] Scheme Marks
2X X
A P G Y B
A A
<4« ()8m*» 4.5g <406 m»
(a) T 2X+X =45¢g M1 Al
Leading to X = 3? or14.7or 15 (N) Al 3)
by M(4) 45gxAG=(2X)x08+Xx24 M1 A2 ft (1.0)
.4
AG=— (m), 1.3, 1.33.... Al 4)
3
[7]
(a)
Rp

First M1 for a complete method for finding

with usual criteria (allow M1 even if Re =2

Re not substituted)

First A1 for a correct equation in either Re or Rp ONLY.
Second A1 for 1.5g or 14.7 or 15 (AO for a negative answer)

(b)

First M1 for taking moments about any point, with usual criteria.

A2 ft for a correct equation (A1AO0 one error, AOAO for two or more errors, ignoring consistent omission of

g's) in terms of X and their x (which may not be AG at this stage)
1.33,.....(any number of decimal places, since g cancels) need 'AG =' or x

Third A1 for AG =4/3, 1.3,

marked on diagram.

N.B. if X7

= ZRP throughout, mark as a misread as follows:

(a) M1A1AOQ (resolution method) (b) M1AOA1A1, assuming all work follows through correctly..
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Question 5

T

(a) L plane R =20c0560°+5g cos 30° M1 A2(1,0)

=52.4 (N) or 52 [ Al (4)
(b) F =uR Bl

P plane F +20¢0s30° = 5gc0s60° M1 A2(1, 0)
Leading to u#=0.137 or0.14 [ Al (5
9]

(a)

First M1 for resolving perpendicular to plane with usual criteria

First A2 for a correct equation (A1A0 one error, AOAO for two or more errors)

Second A1 for either 52 or 52.4

N.B. In part (a), the M1 is for a complete method, so they must have sufficient equations to be able to
solve for R. The A2 marks are then for all the equations.

(b)

B1 for use of F=uR (could just be on diagram)

First M1 (allow if F is used rather than uR) for resolving parallel to the plane with usual criteria

First A2 for a correct equation (A1A0 one error, AOAO for two or more errors)

Second A1 for either 0.14 or 0.137

N.B. If they resolve vertically AND horizontally, there are max 6 marks available (M1A2, M1A2) for the
TWO equations, but if they only have one equation, there are no marks available for that equation.
The marks for the horizontal resolution should be entered first on ePen.
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Question 6

Question
Number Scheme Marks Notes
(a) M1 A complete method to find I, e.g. take moments about A.
) N . Condone sin/cos confusion. Requires correct ratio of lengths.
M(A), FAsin 40 =5g.2c0e25 Al Correct terms with at most one slip
Al All correct
F=35 Al 350r 345 (235f not acceptable due to use of 9.8, but only
penalise once in a question)
(1)
(b) M1 Resolve vertically. Need all three terms but condone sign errors.
Feos75°+Y=5g Must be attempting to work with their 75° or 15"
Al Correct equation (their F)
Al 40 or 40.1
Y=40 ; Apply ISW if the candidate goes on to find R.
up Al cso (the Q does specifically ask for the direction, so this must be
clearly stated)
(1)
8
ORI: 4mcos25xY M1 Taking moments about the point vertically below Band on the
®) ‘=5g%2mcos25+ F cos15x4msin 25 Al same horizontal level as A. (Their F)
etc.
OR2: Reosa = F cos40+5g cos 65 Resolve parallel & perpendicular to the rod
Rsina + Fsin40 =5gcos 25
Re=52.1,0=253" Solve for R, a
Y =Rsin(25+a) MI1AL Need a complete strategy to find Y for M1.
Etc.
Question 7
Question
Number Scheme Marks Notes
(a) i M1 Differentiate v to obtain a.
a=—=6i+(4-2)j Accept column vector or i and j components dealt with
dr Al Pt s v
separately.
Whent=1, a=6i+2j DM1 Substitute t = 1 into theira. Dependent on 1¥ M1
DM1 Use of Pythagoras to find the magngude of their a.
[a =6 +2° =10 =6.32 (ms?) Allow with their t. Dependent on 1 M1
Al Accept awrt 6.32, 6.3 or exact equivalents.
(5)
(b) r=[(@¢ -Di+ (4e-F)jde M1 Integrate v to obtain ¢
= =1+ 01+ 20 -4+ D)j Al Condone C, D missing
t=0r=i=C=1D=0 DM1 User=0,r=itofind C& D
DM1 Substitute t = 3 with their C & D to find r. Dependent on both
When ¢=3,r =25i+9j (m) previous Ms.
Al cao. Must be a vector.
(5)
10
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Question 8

?\ILLIE::)IE? Scheme Marks
7.5 '
(a) arctan— = 32" M1 Al
Bearing 1s 302 (allow more accuracy) Al (3)
(b) s=40i —6j +1(-12i +7.5j) MIAl  (2)
(c) r=3. s =4i +16.5j M1
s—b=-3i+4j Ml
sB=+/((-3)" +4*)=5 (km) DMI Al  (4)
(d) Equatingi components
40-12t=7 or -33+12t=0 M1
3
t=2— Al
4
3 5
When t=2-—, s=(7i)+14=j M1
4 ' 8
1
SB=2§ (km) 2.125,2.13 Al 4
[13]
OR  When r=2% , 1.51-18.5=2.125,2.13 M1 Al
(a)

3 o
arctan( —7)

First M1 for 1o either way up
First A1 for a correct value from their expression, usually 32° or 58°
Second A1 for 302 (allow more accurate answers)

(b)

M1 for a clear attempt at (40i — 6j)+t(-12i + 7.5j)
A1 for any correct expression

(c)

First M1 is really B1 for 4i + 16.5j (seen or implied but can be in unsimplified form)

Second M1 is for a subtraction, s — b or b - s.

Third DM1, dependent on second M1, for finding magnitude of theirs —borb - s

A1 for5
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(d)

First M1 for equating i-component of their answer in part (b) to 7 or

the i-component of theirs — b or b — s to zero

First A1 for 2.75 cao

Second M1 (independent) for attempt to find j-component of their s at their
t=275

Second A1 2.125 or 2.13 cao
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Question 9

Question
Number Scheme Marks
Ml Complete method using suvat to form an equation In u,.
Y
@ R Al Correct equation e.g. 0=u’-20g
4=14 * Al *Answer given™ requires equation and working, Including 196,
seen.
(3)
OR conservation of energy: Ml Initial KE = gain in GPE + final KE
%m( u’ o'u,z)-nqg>t10+%mu‘z %u,"' -98 Al s
u=14 * Al *Answer given*
(3)
(b) Ml Use the vertical distance travelled to find the total time taken.
(T). =52.5=14c=4 g Al At most one error
Al Correct equation
490 -140¢ -525=0 DM1 Solve for r. Dependent on the preceding M mark
(t=5)(49¢+105 =0 (=5 Al only
(=), 50=>5u, Ml Use their time of flight to form an equation In uy
u, =10 Al only
Ty Use of Pythagoras with two non-zero components, or solution of
u=vI0" +14° M1 a pair of simultaneous equations In v and a.
= ; . 17.2 or 17 (method involves use of g = 9.8 so an exact surd
=296 17.2ms o answer Is not acceptable)
9)
See next page for an alternative route to u. and (c).
OR First 3 marks for the quadratic as above.
50=ucosar or 50=u,t M1 Used in thelr quadratic
2
09| 2| 40| 2 |-525=0
Un \Yn/ Al Correct quadratic in u,,
525(u, ) +140(u, )-122500 =0
Dependent on the M mark for setting up the Initial quadratic
Sotve for ty DMI equation in L.
uy =10 Al only
etc. Complete as above.
© tan OBA = % =105 Bl Correct direction o.e. (accept reciprocal)
Use trig. with their wy and correct interpretation of direction to
% =1.05x10=105 M1 find the vertical component of speed.
Working with distances s M0. (condone 10+1.05)
DM1 Use suvat to form an equation In t. Dependent on the preceding
M.
(T). -105=14—gt Al Correct equation for their
For incorrect direction give A0 here.
(=25 Al only
(5)
17
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