9FMO0/4C: Further Mechanics 02 Mark scheme

Question Scheme
1 Tension in the string: 7 = & =4x Bl 3.4
a
Circular motion: 7 = mra?* M1 34
=%(x+2)><1.52 Al | Ll1b
2
:>4x=%(2+x)1.52, %x:x+2 Ml | 11b
L LA Al | Llb
23 23
C))
Total 5 marks
Notes:
1 B1 Correct application of Hooke’s law

1M1 Resolve towards centre — angular speed form

It Al Correct substituted unsimplified

2" M1 | Form equation in x (or r)and solve

ond Al Correct radius. 2.8 or better
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Question Scheme Marks AO: /OOO'
2(a) ABCD EFG T ’Oo,b
Mass ratio 304 4.54° 25.54° N
¢ of{lz/gfrom 2.5a 2a X
Mass ratios Bl 1.2
Distances Bl 1.1b
Moments equation Ml 2.1
30a” x2.5a—4.5a” x2a = 25.5a° x x Al 1.1b
x= 75_94{: 2x66 a):ﬁa Given Answer | Al* | 22a
25.5 51 17
C))
2(b) Moments about A4: 85x%a =Fx6a M1 3.1a
F:i’l‘?:% Al | LIb
Use of Pythagoras: ~ R? =857 +(%)2 M1 1.1b
|R|=92.6 (N) Al | LIb
C))
Total 9 marks
Notes:
2a 1Bl Mass ratios (all 3)
2 B1 Distances from 4B or from a parallel axis
M1 Moments about AB or a parallel axis. Terms dimensionally consistent.
Must be subtracting.
It Al Correct unsimplified equation
2" A1* | Show sufficient working to justify given answer
2b I M1 Moments about 4. Dimensionally correct. Condone use of 85g for 85.
I Al Correct F'— any equivalent form.
M1 Use of Pythagoras with their F to find resultant.
Condone use of 85g for 85.
20 A1 | 93 or better (92.57129...... )
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Question Scheme Marks AOs 0/00
(o4
3(a) . e 49¢ 22
Extension at equilibrium: 2g = 08 (e = O.32(m)) M1 3.1a 2
Equation of motion about equilibrium position: Ml 3.1a
49
25=gg Plite) (:—ﬂ Alft | L1b
0.8 0.8
X= —ﬁx Al 1.1b
8
which is of the form ¥ = —@’x = SHM Al* 3.2a
C))
3(b) | Amplitude =1.4—0.8— their 0.32(=0.28) Blft | 22a
. e 245
Displacement from equilibrium: x =(.28cos ?t(: (),()8) M1 34
Solve for ¢ and double (1=0.231...) M1 3.1a
Total time =0.46 (s) Al 1.1b
C))
Total 9 marks
Notes:
32 15 M1 Use the model to find the extension in the spring at equilibrium or an
expression for e
Use the model to form the equation for the motion about the equilibrium
2"d M1 | position. All terms required. Must be dimensionally correct. Condone
sign errors
It Alft | Equation with at most one error in e or their e
2Md Al Correct simplified equation
3rd A1 CSO: Explain how the result of the working demonstrates the given
answer
3b Bl1ft Correct amplitude — follow their e
1M1 Use the model to write down formula for displacement — follow their a,
Could be working from the equilibrium position or from B.
20 M1 Complete method to find total time. Must be working in radians
Al Correct answer 0.46, 0.463 only
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Question Scheme
4 3
@) Total mass = ro zy’ x 2 dr| = Z [ X
0 100 3670 100
4 30
X Al | L1b
36| 400 |,
_ 7 810000 _ 2257 4 ) Al* | Llb
36 400
3
(b) Take moments about the vertex: J':O XXy’ X ﬁdx M1 34
5 30
L (=13507) Alft | 1.1b
36| 500 |,
225
:>13507z:T”d Ml | 34
d =24 (m) Al 1.1b
Q)]
Total 7 marks
Notes:
4a Ml Use integration (convincing attempt — at least one power increases)
I3 A1 | Correct integration
2" A1* | Use limits and show sufficient working to justify given answer.
4b M Use the model to find the moment about the base (usual rules for integration)
Follow their y
18t A1 | Correct integration for their y = mx
Use the model to complete the moments equation.
2nd M1 . .
Require 2257 and their 13507 used correctly.
24 A1 | Correct only
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Question Scheme
5(a k
(@ F==
X
Substitute x =R, F = _k M1 1.1b
x=R, F=mg =>mg= reg .
2
k=mgR® = F =85« Al* | 2.1
X
(&)
5(b 2 2
®) __mg Y _ 8R Ml | 34
x’ dx x’
2
= [vdv= [~ a Ml | LIb
X
2
1._8R (+C) Al | 1.1b
2 X
2 2
lgR_l( )Z_gR _8R Ml | 3.la
2 2 3R R
(UY =gR+2gR, U= % Al | Llb
C))
3(c) Appropriate refinement Bl 3.5¢
(1)
Total 9 marks
Notes:
Sa 18 M1 Use the model to express F in terms of x
2"dM1 | Use x =R to determine the value of k
Al* Show sufficient working to justify given answer
" Use the model to write down the equation of motion for the rocket as a
5b 1t M1 : : S
differential equation in v and x
2" M1 | Separate variables and integrate
I Al Correct integration (do not need to see limits or constant of integration)
3dM1 | Complete strategy to find U
2" A1 | Any equivalent form
e.g. do not model the rocket as a particle,
5¢ Bl take air resistance into account,
consider the weight of the fuel in the rocket (which reduces).
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Question Scheme
6(2) Differentiation: v dv or d (l V2 j
dx dx\ 2
:(9_2}%22_3_% Al LIb
x) x x x
Substitute for x to find a Ml 1.1b
8 2
x=3:>a=§(rns) Al 1.1b
Q)]
6(b) Over all strategy to solve the problem Ml 3.1a
v=9—3=@(=9"_3j Ml | 34
x dt X
9x 1
= [9dt=] dr = [1+——dx Ml | 21
9x -3 3x—
1 Alft | 1.1b
9t—x+§1n(3x—l)(+C) AlLft L1b
:>9T=(3—1)+11n9_1 ’ T:g+i1n4* Al* | 22a
3 3-1 9 27
(6
Total 10 marks
Notes:
6a 15 M1 Complete strategy involving selection of appropriate form for
acceleration, differentiation and substitution.
2" M1 | Differentiate to obtain acceleration
I Al Any equivalent form
2M Al Correct answer. 2.3 or better
6b Ml Complete strategy e.g. form and solve differential equation and use limits
M1 Form differential equation in x and ¢
Ml Separate variables and integrate. Accept equivalent forms
Al At most one error — follow their partial fractions of form 4+ Tl
x f—
Al All correct — follow their partial fractions of form 4+ T
x f—

Al* Show sufficient working to deduce given answer
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Question Scheme
7(a
@ ﬂj—l dx = ﬂj—dx —l 1 dx
16—(x—4)’ x) 87x 8-x
" x_(+c) Al | L1b
8 8—x
Use of limits to find volume Ml 1.1b
Volume =1(1n1—1n3 I T Al | 22a
8 1 6) 8 2 8
X 1
| —————dx=7| —-dx
=-rIn(8—x)(+C) Al | L1b
z_ﬂln%:nln6 Al 1.1b
Correct strategy to find positon of centre of mass Ml 3.1a
Fo zln6 8In6 N
- - %
71001 In21 Al 2.2a
)
7(b)
1 _
Use of — and x-2 B1 1.1b
J12
About to topple so ¢ of m vertically above the tipping point:
1 Ml | 2.2a
tana = _4/5
x—2
a=6.08.... Al 1.1b
3)

Total 12 marks
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Notes:

. . . C
Use of I 7y dx and correct use of partial fractions to reach a recognised 0/))

Ta Ml form for integration or correct application of formula.
Condone if 7 not seen

Al Any equivalent form. Condone if 7 not seen
M1 Use of limits. zmust be used.
Al Any equivalent form
M Integration of y”x wrtx. Accept if 7 not seen.
The Q asks for the exact value, so must see exact working.
Al Correct integration. Accept with no rand no constant of integration
Al Any equivalent form
AL* Deduce the given answer. Ignore any decimal working after exact

answer seen

I zy*xdx ‘
M1 Use of ¥ =< with their value for | 71%xdx
3%

jﬁ ydx
7b B1 Correct triangle. 0.2886 and 2.708
M1 Deduce the position for toppling & use trig to find «

Al Accept a0 <6.1°,  <6(.0)° or equivalent (0.106 rads)



https://mymathscloud.com

Question Scheme
8(a)
o
Complete strategy Ml 3.1a
KE gained = GPE lost Ml 2.1
1
E><mvz=mg(a—acos6?) Al 1.1b
v2
Circular motion: = resultant force towards centre Ml 3.1a
a
2
Y —mgcosO-R Al | L.1b
a
mgcos@—R = zmg(a —acosd)
a Al* 2.2a
= R=3mgcos—2mg =mg(3cos0-2) *
(6
8(b) When P leaves the surface, R =0 M1 2.4
2
= cosf = 3 Al 2.2a
2
8(c) Complete strategy M1 3.1a
Conservation of energy top to plane Ml 2.1
1
Exmvzzmgxa v=./2ga Al 1.1b
Horizontal component = cos & x (speed on leaving sphere) Ml | 3.la
_ |28 2 Al | Lib
3 3
2ga 2
cosg V3 3 (_ 2 j
cosa = =
J2ga 33 Al | 22a
= downwards at 67.4° to the horizontal or
downwards at 22.6° to the upward vertical
(6
Total 14 marks
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Notes:

Complete strategy: conservation of energy, circular motion and condition

8a Ml for P to leave the circle.
M1 Energy equation. Condone trig confusion. Must be dimensionally correct.
Al Correct unsimplified equation
M1 Equat‘ion for circul‘ar motion. All terms required. Condone sign errors
and sin/cos confusion.
Al Correct unsimplified equation
Al* Form equation in R, g and @ only .
8b M1 Any equivalent justification
Al Any equivalent form. 0.67 or better
8c Complete strategy to find two of horizontal component, vertical
M1 component and velocity (the sides of the velocity triangle) and use trig to
find the direction
Ml First side of triangle.
Al Correct unsimplified value
M1 Second side of triangle
Al Correct unsimplified value
Al Deduce correct final answer.

Answer needs to make direction clear either in words or in a diagram
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