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QNliﬁztgg? Scheme Marks
1 V= ’ 2d
(a) ﬂfl yedx
a1 114
V= (n)f1 —dx = () [—;L M1A1
ve=n(1-2)* AL*
3)
(b) () f xy?dx M1
a1
(n)f —dx = (m)[Inx]{ = (r) Ina dM1Al
1 X
1\ _
(n)(l —E)x - (M) Ina
7= ane M1A1
a—1
(5)
[8]
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Question Scheme Marks
Number
2(a) F k M1
a =—
(x + R)?
k M1
x=0,F=mg—>mg=ﬁ
_ 2 __ mgR?
k =mgR* > F ——(x+R)2* Al*
3)
(b)
dv mgR? d (1 2)_ mgR? M1
Wi T T xrr2 T M \2V )T T+ R)?
1 R?
1.2 _J g dM1
2 (x + R)?
2
1._9R Al
2V T xrr MY
x=Rv=U M1
U? gR? U? — gR
=2 = Al
2 2R T¢7€ 2
1 U? — gR
_ 22— 97
x—0—>2v gR + >
v2=U%?+gR->v=,U2%2+gR M1, Al
(7)
[10]
ALT1 mv? mU? 0 gR?
— S L — | M1
(b) 2 2 mJR x+R2Z
2 U2 RZ 0
LA dM1 Al
2 2 x4+ R|R
2 2 2 2
vo_UT_ gRT_gR” M1 Al
2 2 R 2R
v2=U?+gR->v=,U?+gR M1, Al
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QNLLIJ?]tl;gP Scheme Marks
ALT2 dv_ mgR? M1
(b) Waix T T (x+R)?
\%4 0 RZ
Jvdv=—Jg—2dx dM1
U r (x+R)
v¥lv R? 10
viv_o|4g Al
2|U " [x+R|R
2 2 2 2
vo_UT_9R"_ gR” M1 Al
2 2 R 2R
v2=U?4+gR > v=,U?+gR M1, Al
(7)
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3(a) cos 0 = g,sin 6 = = Bl
W=T Bl
T4,cos0 —Tgcos 8 = 600g M1A1
(T, — Ty = 7509)
T,sin6 + Tg sin® = 600 X w? X (5sin ) M1A1
(Ty + T = 300072)
Solve their two equations simultaneously dM1
T, = 150072 + 375g = 18000(N), 18500(N), 18kN, 18.5kN Al
Ty = 15002 — 375g = 11000(N), 11100(N), 11kN, 11.1kN |Al
(9)
(b) !f the length of the arms increased, then the radius of the circle would B1
increase.
Therefore the total tension would increase. dB1
(2)
[11]
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Question Scheme Marks
Number
Top cone insidecone | C S
Mass ratio ()1 ()1 8 6 Bl
4(a)
y distance 5a 3a 2a y Bl
My 5a 3a 16a 6y
8X2a—1X%x5a—1x%3a=6y M1A1 ft
4
63‘1 = 8a — 37 = ga Al
(5)
3
(b) tana = 3 (a = 20.556....07 69.44 ....) Bl
e 9
tanf = % =— (B =29.357..0r60.642....) M1ALft
a 16
4a — —+
3
a+ B = 6 =50° (or better 49.91379...) Al
or 180 — 69.44 ... — 60.64 ....= 50° (4)
[9]
AB? + BG? — AG?
ALT (b = Bl
(®) oS0 = AB X BG
) 337a?
BG? = (1.5a)*+ (4a—y)* (= 3 )
97a?
AG* = Ba)?+ (P)? (= 5 ) M1
{AB? = (150)* + (4a)? (=29}
cosf = .....veeeiee ... = 0.6439 ... ... Alft
6 = 50° (or better 49.91379...) Al
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Question Scheme Marks
Number
2mge emg(4a —e Bl
5(3.) geé1 or g( 1)
2a 4a
2mge,; 6mg(4a—e;)
= M1A1
mg + 2a 4a
Solve to find either extension dM1
e; = 2a and e, = 4a — e; = 2a* Al*
()
ALT () | mg +22 =92 | o 4 ¢, =4a M1AL
Solve simultaneously to find either extension dM1
e; = 2a and e, = 4a — e; = 2a* Al*
(b)
mg+2mg(2a—x)_6mg(2a+x) = i M1A1AL
2a 4a
5
#=-29% .sHM Al
2a
(4)
© |o2=29 B1ft
2a
5g ay?
2 _ _Y 2 _(Z
)
p = |29 _ 3092 Al cso
8 4
(4)
2 2 2 30y, 6 5,
ALT (c) 2mga or 6mg(3a) or mg(=-) or mg(=-) B1
4a 8a 4a
3a,, 5a.,
2mga? 6mgBa)? 2mg(%)° 6mg(%)° mga mv? M1A1
+ = + + +
4a 8a 4a
15ga
= Al
v / 8
(4)

[13]
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(@)
Bl Correct use of Hooke’s law for either string. Must include an unknown extension.

M1  Resolve vertically, with two variable tensions and weight (MO for setting both
extensions as e )

Al  Correct equation.

dM1 Solve to find either extension.

Al*  Correct extensions found for both strings, from fully correct working.
(b)

M1  Vertical equation of motion with two different variable tensions, weight and mx
(allow ma)

Al Equation with at most one error (allow ma for this mark, which does not count as an
error).

Al  Fully correct equation. Must now be mx

Al i= —z—ix ~ SHM. Must have concluding statement.

(©)

B1ft Use of their w?

M1  Complete method to find speed at%a above A. Follow through their w. Needs
amplitude aand x = %a

Al  Correct equation. No follow through now.

Al €SO

ALT (a) using simultaneous equations

Bl Correct use of Hooke’s law for either string. Must include an unknown extension.

M1 Resolve vertically with two tensions in e; and e, and weight AND give a second
equationfore; + e,

Al Both equations correct.

dM1 Solves both equations simultaneously to find either extension.

Al* Correct extensions found for both strings, from fully correct working.

ALT (c)

Bl Use of correct EPE

M1  Complete method to find speed at%a above A. Allow with EPE = k%. Must have
all terms.

Al  Correct equation.

Al Correct final answer
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Question

Number Scheme Marks
1 1 2
6(a) Emv2 +mg(2a) = Em(S,/ag) —mg(2acos 60°) M1A1Al
(v? = 3ag)
T tmg =" M1A1
mg = 2a
= ™3a9) _ng dM1A1
2a 2
T > 0, therefore string remains taut and particle performs complete vertical A1
circles.
(8)
(b) From initial: %mV2 = %m(B,/ag)z + mg(2a — 2a cos 6 0°) M1A1
Or from top: %sz = %m(3ag) + mg(4a)
(V2 =11ag)
_m(1lag)
T =209 < 7mg. Tension less than critical value, so particle completes Al
vertical circles.
(%)
ALT [13]
1 1
(a) Emvz + mg(2a cos 6 0° — 2acos@) = Em(S,/ag)z - v? =ag(7 +4cosf) | M1ALAL
T 0 = mv? M1A1
mgcosf = 2a
T —mgcos6 =%(7+4cos@) AND 6 =morcosf = —1 dMm1
T+mg=%(3)—>T=% Al
T > 0, string stays taut and particle completes vertical circles. Al
(b) 6 =2n - T —mgcos2m = % (7 + 4cos2m) M1, M1
m(1lag)
— =~ Al, Al
T —mg 2a
T = 13;"9 < 7mg. Tension less than critical value, so particle completes |

vertical circles.
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Question Scheme Marks
Number
7(a) 05u=4->u=28 Bl
V5 Va5, 3g
Fmaxz?xO.ngT<:ﬁ:2_1) B1
1 2
5 X 0.5% 8% =0.5g(x +2)sin6 + F.(x +2) + %) MI1AlAl
64 = 14(x + 2) + 3x2
3x2+14x—36=10 M1
x = 1.8(m) (1.84m) M1A1
(8)
3x1.84
(b) |T= ——(=276) B1ft
0.5a = 2.76 + 1.4 — 2.1 (= 2.06) Acceleration down slope, so
: : M1A1
particle does not remain at A.
3)
[11]
ALT(a) | 0.5u=4->u=38 Bl
V5 V45
Fpax = — X 0.5g X — (= 2.1) B1
5 7
1 3(d — 2)2
— 2 = ] . M1Al1lAl
2><0.5><8 0.5gd sin@ + F.d + X 2
64 = 14d + 3(d — 2)?
3d2+2d—-52=0 M1
d=38-x=18(m) (1.84m) M1Al
(8)
ALT () | T = %ﬂ(z 2.76) B1ft
Upslope: E,..(=2.1), Downslope: 0.5gsin6 + T (= 4.16) M1
4.16 > 2.1 so there is a resultant force down slope, so the particle does not Al 3)

remain at A




