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1 For using WD = Fdcosa or P= Fvcosa and WD = Pt M1
WD = 5(0.4 x 10)cos30° Al
Work done is 17.3 J {or 1043 ) Al

SR For candidates who calculate power {only) (max | out of 3)
Poweris 1.73 W Bl

Notes:

M1 — their distance; cos or sin but not just 5x4
Radians M1 Al AG {max Z out of 3); answer 3.085 does not score final A mark but may imply the previous

Al

2 (i) Forusing N=mg cos a [Sgcos 12°(=48.9))and F= x4 N [0.2x M1
48.9]
Frictional force is 9.78 N (9.59 from g =9.8 and 9.60 from g = 9.81) | Al
(i) | Component of weight = 5¢ sin 12° (=10.4)
{ft absence of g and/or sin/cos mix only) Bl ft
For comparing component of weight with frictional force or for finding
the acceleration (0.123) using both the component of weight and the
frictional force MI1
Alternative:
For comparing g with tan 12° or for comparing the ‘angle’ of friction with angle of
inclination M1
0.2 <tan 12° or tan'0.2 < 12° Al
Speed increasing {ft for arithmetic errors only) Alf
Notes:
{i) M1 accept absence of g and/or sin‘cos mux
(ii) Bl can be eamed in (i)

Hlustration: *52 = 1.04 - 9.78 =% a < ) < speed decreasing’ scores Al ft, whersas
‘52= 104 + 978 @ a>0 ¥ speed increasing’ scores AD

Radians: Can score both M marks as per scheme, and allow one A mark for both .44 and -26.8
{or -27 or -30) (max 3 out of 3)
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(may be implied)

or recognising that resultant acts along bisector
or  l2cosf# =10+ 10cosf# and 12sinf = 10sinf?

orX=10—-10cosa and ¥=10sin

Bl

Complete methed for «
la =34, 58 or122=10%+10° - 2x10%cos ar }
10

or resolving forces along the bisector [ 2x10cos & = 12]

or squaring and adding and using ¢’ 8+’ =landc?0+s%6 =1

[144 = 100 + 200cos &+ 100 ] M1

8=106.3° or 1.85rads Al
(i) | For using component = 12005% [12x06] orl0—1Dcos & M1

Component is 7.2 N {ft only when Bl in part (i) is scored) Alft

SR for candidates whose diagram in (i) (actual or implied) has tniangle with sides 10,

10, 12 and angle & opposite the 12. (max 1 out of 2}
Componentis +7.2 N Bl
Alternative: For candidates who draw a scale diagram.
As for first mark in scheme above Bl
Value of & in the range 105 to 107° obtained Bl
§=106.3° Bl
12

For drawing relevant perpendicular and measuring appropriate length M1

Component is 7.2 N

Al

Notes:
Accept 7.19 or 7.20 or 7.21 (as weil as 7.2) for final Al.

The wrong diagram case (diagram may or not appear}. Triangle has sides 10, 10, 12 with angle & opposite
the 12.{i) MO, 127 = 10® + 10° — 2x10°cos & M1 AO (max | out of 3) {ii) Allow M1 as per scheme

if appropriate, otherwise use SR.
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4 (i} N=45g, F=15 B1

For using u=FIN M1

Coefficient is 1/3 or 0.333 (0.340 from g = 9.8 or 9.81) Al

(i)) | For using Newton's 2™ law {-15 = 4.5a ] M1

Deceleration is 10/3 ms™ {or 3.33) ora =-10/3 {or -3.33) Al

(i) Forusingv’ =4’ +2asorv=w+atand s = Hrvy

[0=4+2(-10/3)s ] MI

Distance is 0.6 m AlR

Notes: Allow inequality for M mark in {i)
4.5a =15 ¥ a= 103 1o (i) scores M1 AD (unless 2 is said 1o be deceleration)

v=2,u=0and 2 = 10/} is OK for M1 in (3i1) even if @ = +10/3 is found in (ii). Allow A} as well if 0.6m is

found.
Accept 0.601 from a =-3.33 for A mark in (lii}

5(i) |(@ |Forusingv=u+at[6=3+(0.06)] M1
Time taken is 50s Al
(b) | For using v* = u’ + 2as [36 = 9 + 2(0.06)s]
ors=ut + Y% ar s =3(50) + % (0.06)2500]
utv.
or s = t [s =1 {3 +6350] Ml
Distance is 225m Al
(iiy | (a) | For attempting to integrate k° M1
=k Al
For finding % by substituting for 5 and ¢ in the expression for s obtained
by integration or by using appropniate limits in the integration
[ k50°73 = 225 DMl
k=0.0054 or 27/5000 fi for 3 x (ans i(b)} / (ans i(a))’ | A1R
(b) | Speedis 13.5ms" fi for (ans ii(a)) x (ans i(a))’ | BI ft
SR {For candidates who use constant acceleration formulae in part {i1})
(max | out of 5)
For k=0.0036 and speed at & is 9ms (in either order) Bl
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6 (i)(a) | For using PE = mgh [15 000x10(800sin2°)] M1
Gain in PE 15 4 190 000 J (4 187 900)
(4 100 000 from g = 9.8 and 4 110 000 from g = 9.81) Al
(b} | WD by driving force is 5 600 000 J B1
{c) For using WD = ans (b} - ans (a) or WD = (7000 - mgsin2”) x 800 M1
WD against resistance is 1 410000 (ft candidate’s ans (b) — ans (a)
or {7000 — mgsin2”) x 800 providing the value found is +ve)
{1 500 000 from g = 9.8 and 1 490 0GG from g = 9.81}) Alft
(i) | For using KE loss = % m(u’ - v') [ ¥ 15 000(400 — 100)] M1
KE lossis 2 250 000 ) May be implzed by final answer Al
WD against resistance s 900 x 800 B1
For using WD as a linear combination of 3 terms reflecting the PE, the
KE and the resistance [4 190 000 - 2 250 000 + 720 000] | M1
WD by driving force is 2 660 000 J (2 657 900)
(2 §70 000 from g = 9.8 and 2 580 000 from g=9.81) Al

SR For candidates who assume, explicitly or implicitly, that the acceleration is

constant.

For using v =12 + 2as (@ = -0.1875) and DF = ma + 900+ mgsin 2° Ml
For multiplying by 800 M1
WD by driving force 1s 2 660 000 J Al

(max 3 out of 5}

Far incomect use of multiple units (eg kJ) withold the A or B mark at the first occurrence, but do not
penalise subsequently.

Allow cos or (| — ¢os) instead of sin for M mark in (i)(a), but g must be present

Accept — 5 600 300 in (i)(b) and — 2 660 000 in {ii}

Allow + the expressions for WD for M mark in {i){c), but not for the A mark (including the fi)

Answer 2 250 D00 in (if) is almost certainly worth O cut of 5 {unless 1t 15 an answer for the loss in KEj; see
notes distributed at meeting.
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7 (i) For applying Newton’s 2™ law to 4 or B or for using
(m1+m2)a=(mz _ml)g Ml
0.15a=T-0.15¢ Al
0.25a=025¢-T Al

Alternative for the above 2 A marks:

{0.15+0.25)a=(0.25-0.15)¢g A2

Acceleration is 2.5ms™ (R only for 0.25 following the absence of g)

motion with the string taut

(2.45 fromg=9.8 or g =9.81) : Alft
(i) (v=35 ft for 2 x ans(1)

(4.9 from g = 9.8 and 4.90(5) from g =9.81) Bl ft

For using v = u + at to find time up or time down or total time up and

down; acceleration mustbe + g M1

5

:=2x5 or-5=5-10¢ AlR

Slack for Ls Al
(iii} For 2 line segments representing

Bl

For the line segment representing | Bl

motion of A with the siring slack

For the line segment v =0

representing B stationary with the

string slack

Bl

Notes: Allow absence of g for the M mark in (1)

Allow —g7 instead of a for the first twe A marks in (i} if, and only if, it applies to both equations.

Third A mark is for 2.5 and if it follows a =-2.5 the answer must be properly justified.
For answer 1s + 25 = 3s in (ii) allow final A mark (ISW for + 25 = 3s)
Line segments must appear to be symmetric for first B mark in {iii)
The graphs can have v positive downwards, but for 1* B mark the line segments must appear to be
reflections of each other in the ¢ axis.
Accept separate graphs for particles A and B, providing the direction of positive v 15 the same {or both.




