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1 (@) | Tcos30°=2x9.8 Ml Resolving vertically with two terms
Al Correct equation

7= 2x9.8

cos30°
T=226N AG Al 3 Correct T from correct working

(b) V2 Ml Resolving horizontally.
T cos60° = 2Xﬁ Al Correct equation
' dM1 Solving for v
v=1.84 ms™! Al 4 Correct v
Total 7

(Q2, Jan 2006)

1 1 Ml Three term energy equation
2 @) | —mv? ==mx2? + mg(3-3cosH) gy ed
2 2 Al Correct equation
. 2
dM1 4 Solving for v-.
v2:4+6g(l—cost9) AG )
Al Correct result from correct working
M) |, 2cos6 = mﬁ M1 Resolving towards the centre
3 Al Correct equation
3gcos®=4+6g —6gcosd dM1 Solving for cosé
cosf = 4+6g Al Correct cosé
9g
0 =44.6° Al 5 Correct angle
Total 9
(Q6, Jan 2006)
3 (a) l mU? = l mv* + mgl(1 - cos 60°) M1 three/four term energy equation with a trig
2 term
U*=v'+gl Al correct equation
dM1 solving for v or v
_ [ _
v=yU—gl Al 4 correct v in a simplified form
2
b | 7- mg cos60° = m_ M1 resolving towards the centre of the circle
with three terms
2 _ 2 dM1 substituting for v’
I'=m U_gl+§ =m CA Al correct e gt'
2 l 2 quation
dM1 making T the subject
Al 5 correct expression for 7. Simplification
not necessary.
Total 9

(Q4, June 2006)
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2
4 (@) | 4= 14 _ 3.92 M1 finding acceleration

50 Al correct acceleration

F=1200x3.92 AG dMl1 use of F'=ma
= 4704 N Al correct force from correct working
(b) | R=1200x9.8=11760 Bl normal reaction

4704 < ux11760 M1 applying F < uR

4704 .
=z AG Al correct result from correct working

11760
1=>04

Total
(Q5, June 2006)
5 (a) 1, M1 Energy equation
mg 2a = 3 mv Al
v=2./ga Al
(b) mv? Ml All terms for M1, no component
T-mg=——o Al
2a
T=3mg AIlF ftif 7 >0
Total

(Q3, Jan 2007)
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6 (@ | 40x2x _4n (rad/sec) M1
60 3 Al 2
(b) 2
a=aw'r :(4?“) x 0.2 Ml
16n°
T 45 Al 2 Accept 0356 (3sf)
(e)()
B1 1
(ii) | Vertically
No acceleration, forces balance
mg=T cos 0 B1 1
(iii) | Horizontally
: 16n° Ml
T'sin @ =mx AIF ft acceleration
wr st :
T cosO=mg ml SC tanf =— 1™ 3 marks for quoting and
using correctly
2
tan @ = 167
45g
or
tang = 0.358(08) AIF ft provided M1
0=20° AIF 5 | earned in (b)
Total 11

(Q6, Jan 2007)
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7 (a) | Using conservation of energy (lowest and Ml
highest points):
1 1
Em(7v)2 = ) mv* + 2mga AlAl Al for 7v and v
48
7 V= 2ga M1 Needs 48 or 24
y= |2 Al 5 | AG
12
(b) | Velocity at A4 is %
Resolving vertically at 4: Ml 3 terms
2
mv_ +R =mg Al,Al A1 correct 3 terms, Al correct signs
a
m_ag 1
AT ( 12jmg
11 11
=—m Al 4 Condone ——m,
12 & 12 &
Total 9
(Q5, June 2007)
8 (a) | Qis in equilibrium El O at rest, or not moving
T'=5g=49N Bl 2 AG
(b) | Resolving vertically for P:
Tcos8=3g MI1A1
cos 0= 3
-1 3 o
6 =cos 3 =53.1 Al 3 Do not condone 53°
.. 4
(c) --s1n9=§ Bl
Resolving horizontally for P:
2
"V — Tsing MI1A1 M1 2 terms: 1 term correct, other term
r includes sin or cos
2
SL = i X Sg
r
2
3x4” 4g
r
48
yr = —
4g
=1.22 Al 4 SC3 1-23
Total 9

(Q8, June 2007)
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9 (a)| Accelerationis 3
=2
0.2 M1
=20ms? Al 2
(b)| 6=30° B1
Resolve verticaly:
Ty cosd =mg M1
Ty cos6 =4g Al
T,=453N Al 4 AG
(c)| Resolve horizontally:
2
Tlsin9+T2=mVT M1A1 M1 for 3 terms, 2 correct
453sin0+T,=4x20
T,=574N Al 3 Condone 57.3 N
Total 9

(Q5, Jan 2008)

10 (@) | Conservation of energy:

2
%m(&/ag) +mg2a=%mvz M1A1 M1 for 3 terms: 2 KE and PE
gmga+2mga=%m\/2 Al
v=,/13ag Al 4

(b) | At A, consider vertical forces:
2

T-mg="" M1A1 M1 for 3 terms, 2 correct

a
T =mg +13mg m1l
T =14mg Alft 4 | ftfrom(a)

Total 8

(Q7, Jan 2008)
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11 (@) | Attop, for complete revolutions:
2
m"T:mg wherev is speed at top M1
V2 = ag Al
Conservation of energy fromBto top :
1m\/2+ 2a-1mu2 M1 3terms, 2 KE and PE
> mgea=- Al
u® =4ag +v°
= bag
u= ,/5ag Al AG
(b) | At C, speed of particleis 4/3ag B1
Resolving horizontally at C:
T2 mv2 M1 Needs 2 correct terms
a
T = m&ﬂ
a
T =3mg Al
(c) | Noair resistance Bl
Bead isaparticle
Total
(Q7, June 2008)
12 (a) | 40 revolutions per minute
2
= 80r radians per minute Bl or 3 rev per second
= 4—;" radians per second B1 AG
(b) | Resolve vertically:
T cos30=6g M1A1 M1 1term each side, 1 correct
T=679N Al AG
(c) | Resolve horizontally:
T<in30 = Mm@’ M1 M1 1term each side, 1 correct
SnSD=maT Al Al Tsin30
2
67.95N30=6xr x (4—??) Al Al RHS
r=0322m Al Condone 0.323 (using = as 3.14)
Total

(Q5, Jan 2009)
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‘ 1 - 1 2 M1 M1 3terms, 2 KE and 1 PE
13 (a) Emv —2m><8 mg2 Al
V2 =64 -39.2
=248
v=4.98 Al 3 Accept /24.8
(b) | Using F = maradially:
_ mv2 M1 M1 3 correct terms (not necessarily
R=mgcos60 + T Al correct signs)
B1 B1 for 60°
= 6g cos60 + 6x24.8 ‘214'8
= 66.6 N Al 4
Total 7
(Q7, Jan 2009)
14 (a) | Resolving vertically:
Tcos60+ T cos40=mg M1A1l
1.266 T = 6g M1
T=464N Al 4 AG no marksif g deleted
(b) | Radius of circleis 0.6 tan 60 Bl r=1.039 or 1.04
Horizontally:
m\/2
=Tcos30+T cos30 M1 Accept sin instead of cos for M1
6v: 46.4cos50 + 46.4cos30 AL
1.039 or 70.01
V2 =12.123
Speedis3.48ms* Al 4
Total 8

(Q4, June 2009)
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15 (a) | By conservation of energy to point where
QP makes an angle @ with upward vertical:
1, 1 : M1 for 3terms, 2 KE and 1 PE
oM =M’ - mga(L+sind) Al mga (1+sing)term
v =u’ —2ag(1+sing) Al
Resolve radially
2
R:mv —-mgsinég M1A1 M1 for 3terms, include sin@ or cosé
a
2
=M™ 3mgsine—2mg Al 6 | AG
a
(b) | When particle leaves the track, R=0 M1
0=3mg —3mgsiné —2mg Al
sno=1: M1 sc3 sintt
3 3
6 =19.5° Al 4 accept 19.4° or 8= 0.340°
Total 10
(Q7, June 2009)
16 (a) | r =1.2sing B1 1 1.2 cosé 0 marks
(b) | Resolve horiz: Tsing = mw’r M1A1 T cosd=ma’r etc M1 (+second M1)
Tsing =4x5"x1.2sn@
T=120 Al
Resolve vert: T cosé =49 M1A1
30sind
cosd = 0.32666 M1 for tan@ =
0 =70.9° or 1.24° Al 6
Total 7

(Q6, Jan 2010)
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17 (a) | Using conservation of energy:

e =d o s | |Mhordtems 2K mre
%mu2 :%mvz—mga(l—cose) M1A1 M1A1 for finding h

Vv? =u’ +2ga(1- cosh)

v= (u2 +2ga[1- cose])% Al 5 |AG

(b) | Using F = maradialy,
2

_mv
mgcosd — N = a M1A1 M1 Correct 3 terms
A1l Correct signs (=N or+N)

Particle |eaves surface of hemisphere

whenN =0 Bl
me »
mg cosé = —(u +2ga[1- cosé?]) M1
a
u2
cos@ =—+2—2cosé
ga
2
cosezl[u—+2j Al 5
3l ga
Total 10
(Q7, Jan 2010)
18 (a) | Using conservation of energy:
1
%rrwzz?,mg(l—cose) M1A1 M1 Err1\/2:rngh
v? = 6g(1-cosl5) ml
1
v = (6g[1- cosl5])?
=142 Al 4 SC3: 141
(b) | When particleis at rest,

2
resolveradialy T =mgcos 15 M1A1 M1 T—mgcoslSzmvT or T=mgsinl5
22 = mg cos 15
m=2.32 Al 3

Total 7

(Q8, June 2010)
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or

As particle moves, T = " M1 using unknown as extension:
If radiusisr, extensionisr —1.2 Bl If extensionisx, radiusis 1.2 + x Bl
Usingng: UsingT=¥:
_192(r-1.2) — 192x
T= 12 M1 T 12 M1
=160(r —1.2) Al = 160x Al
2 2 2 2
_nv _ 8x3 _mv _ 8x3
T= = 160(r —1.2) = M1 T= :160X—L2+X M1
M1
160r? —192r =72
Al 192x +160x> = 72 Al
(or 192r% —230.4r =86.4) 92x+160x
20r> —24r -9=0 20x% +24x-9=0
(20r +3)(2r-3)=0 M1 (10x—-3)(2x+3)=0 M1
r=150r-03 x=0.3o0r-15
Radiusis 1.5 Al 8 Radiusis 1.5 Al
Total 8
(Q9, June 2010)
20 (@) | Resolvevertically R=mg Ignore al inequalities
If the particle is on the point of diding,
F=uR M1
.. F=0.3R=0.3mg Al
Resolving radialy: F = mafr M1
0.3mg = ma’x 0.8
_ 0.3xg
o = 0.8
w =192 Al 4
. . . _ 90n
(b)(i) | 45 revolutions per minute = 60 M1
= 37“ or 4.71 radians per second Al 2
(ii) | Resolving radially: F = mafr
_ (3Y M1A1 M1A1 either side correct
mug =m\ —-] x0.15 Al A1 second side correct
2
(&T) x0.15
_\2
'[1 =
g
# =0.340 Al 4 | CAO (accept 0.339)
Total 10

(Q5, Jan 2011)
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21 (@) | By conservation of energy
1m(5v)2 :lm(Bv)2+mg2a M1 M1 for 3terms, 2 KE and PE
2 2 Al
8v* = 2ag Al
v= 2 o E‘/ag Al 4
4 2
(b) | Gresatest and least values of tension are at
the highest and lowest points of its path
2
Attop, T="CD) g M1
5 i .
= ng A1ft ft - must be positive tension
2
AtB, T="OY" 4 g M1
a
=27?mg A1ft
Ratiois 29:5 Al 5 CAO Condone5:29o0r 1:5.8
Total 9
(Q6, Jan 2011)
22 (@) | Resolving vertically
T cos 30 + 20 cos 50 = 4g M1Al M1: Three terms, which must include 4g,
Al Tcos@or Tsindand 20cosé or 20sin6,
where 6 =30, 40, 50 or 60.
Al: Correct terms
Al: Correct equation
T cos 30 = 26.344
T=304N Al 4 Al: Correct final answer.
Accept 30.4 or AWRT 30.42.
Accept 30.4 or 30.5 or AWRT 30.45 from
g=9.81
, ) . .
(b) Horizontally: 1Y% = 20c0s40 +T cos60 M1 Ml.ZThree terzms, which must include
r AlF mv 4x5 .
, Tcos@or Tsin@and
r r
20cos@ or 20sing, where € = 30, 40, 50 or
60.
ALF: Correct equation. May include T, m
and v.
4 x 52 30.53 dM1 dM1: Substitution of values for T, m and
= . 2
r v. Equation of form 4xS number
r
r=3.27537
=3.28 Al 4 Al: Correct answer. Accept 3.27 or 3.28
or AWRT 3.28.
Accept 3.27 or AWRT 3.27 from g =
9.81.
VZ
Note: Do not accept =30.40r
similar.
Total 8

(Q7, June 2011)
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23 (@)

Using conservation of energy
(lowest and highest points)

1 -1 M1: Equation for conservation of energy
mu? mv? +mg(2a
2 S 2 9(2a) M1AL with two KE terms and one or two PE
terms. May see m or 0.3.
Al: Correct equation.
u® =v* +4ag
For complete revolutions, v >0
- u? > 4ag
u>2,/ag AG Al 3 Al: Correct result with statement of v >0
and some intermediate working including
4ag term.
Or
Use of PE at top and KE at B (M1)
Correct PE and KE (A1)
Correct deduction including inequality (Al)
(b)(i) | C of Energy
M1: Equation for conservation of energy
1.,2_1 with two KE terms and one or two PE
2mu? = =mv? + mga(l + sind
2 2 ga( ) MIAL terms including a siné. May see m or 0.3.
Al: Correct equation.
( % ) — 2ga(1 + sinf)
= gag 2agsind
Resolve radially
_ . v2 MZ1: Three term equation from resolving
*R= -mgsin6d + M1A1 radially. Correct three terms, but condone
signs and replacement of sin by cos.
Al: Correct equation. May see m or 0.3.
= —mgsin0+gmg —2mgsiné
. 5
= -3mg S|n0+§mg
3 g Al: Simplified correct final answer.
= (Z_Esmejg OE (mustinclude g) | A1 5 | condone (gsine_gjg
10 4
(if) | When this reaction is zero,
3 9 . . .
Z—Esm@ g=0 M1 M1: Putting their reaction equal to zero.
i = 5
sing 5
6 is 56.4° above horizontal Al 2 Al: Correct angle. Accept AWRT 56.44.
Total 10

(Q8, June 2011)




PhysicsAndMathsTutor.com

24
R =mg MI1
F=0.85mg Al
mv? V2
=0.85mg MI1A1 condone =0.85R (for M1A1)
V> =34 x0.85x g ml dependent on both M1s
=283.22
v=168ms"' Al 6
Total 6
(Q5, Jan 2012)
25 (a) | by conservation of energy:
1 , 1 ) M1 for 3 terms, 2 KE and PE; not
—m =—m mg2
2 “ 2 (V) +mg2a Ml v =u’+2as
v’ =u’ -4ag Al 2
(b)(7) m(v)’
atpoint A; T; = V) —-mg MI1Al
a oth signs incorrect M1
m(u)? either correct M1A1
at point B; T, = +mg Al
a
T 2 B1 or 5T, = 2T
T, 5 orT,=2T, T,=5T
2 2
s(m(;’) —mg]:2[m(u) +mg] Al CAO
2 J—
5(m(u 4ag) ng
a
2
= 2[ m(u) + mg]
a
5u2—20ag—5ag =2u2+2ag ml from.rat102:50r5:2andonetens10n
equation correct
3u’ =27ag
u=3,ag Al 7 condone 4/9ag
(i) | y? =y? +4ag — v = 4/5ag Bl condone V> = 5ag
ratiou:v=3: /5 Bl 2 |accept1.34:1orl:0.745
Total 11

(Q7, Jan 2012)
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26 (@) | For particle B,
tension in string = 2.1g N Bl
Resolve horizontally for particle A:
2,0 _ mlv2 _
moir=T M1 Or mo’r=m,g or =m,g
(condone lack of 1 and 2)
1.40°x0.3=2.1g Al
w? =49
Angular velocity is 7 rad/sec Al 4
(b) | Usingv=r w:
speed = 0.3 x7 M1
=21ms™ Al 2 Part (b) marks can be awarded in (a)
(c) | Time takenis 2n/ M1 or 2mr
2.1
= 277[ =0.898 sec Al 5 Accept 277[
(0.895 M1A0)
Total 8

(Q5, June 2012)

27 (a) | Using conservation of energy:

%mvzzmgh M1 M1 for 2 or 3terms, 1 KE and 1 or 2 PE
1 -
Emv2 = mg2.4(1—cosl18) mlAl m1ALl for finding h
v2 = 4.8g(1 - cos18)
= 2.302
v =152ms" Al 4 Condone 1.51

(b) | Resolving vertically:

— mv? M1 Correct 3 terms
T=mo+ 5 Al Correct signs

— 22x2.302

= + ££X<£.9UZ

229 24
= 236.7... N Al 3
= 237N Accept 236 N
Total 7

(Q6, June 2012)
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28 (@) | Resolve vertically:
Tcosé =mg M1 M1 for T cosé or T sin@and mg
34cosf=2x98 Al
19.6
cosf = ——
34
0 =54.8° Al
(b) | Resolve horizontally for particle:
mv
o Tsing M1 M1 for T cos@or Tsiné
» _ 34sin54.8x0.8 Al ft
Vo= > from
(a)
v = 11.113
Speed is 3.33ms™ Al Accept 3.34
Ti ken is 2 .
(c) | Time taken is 2zr /v Or find ©and use 2z
M1 o
= 1.51sec Alft
Total
(Q6, Jan 2013)
29 (@) | Using conservation of energy:
1 1
5 mv? = > mu’® — mgh M1 for 3 terms, 2 KE and 1 PE
13 2—13423 1.2(1 25 M1
5XBxV = OxBx 47 -3xgxl. (1-cos25) AL M1A1 for finding h [M1 for
1.2(1—cos250r sin25) ]
Vi =4%-2.4%g(1-c0s25)
v2 =16 —2.2036
v=371lms™ Al Accept 3.7, 3.70, 3.72
(b) | Resolving radially:
2 M1 accept cos250r sin25, + or —sign
T =mg cos25+ M1A1l and =2
= 26.645 + 34.491 Al fully correct and substituted
=61.1N Al Accept 61.0 or 61

Total

(Q7, Jan 2013)
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30 In limiting equilibrium, using F = uR
Frictional force is 0.2 x mg M1A1
Resolve horizontally
2
mx15" _ 0.2xmg M1
15
r =
0.2xg
=114.79 Al
=115
Total
(Q5, June 2013)
31 (a) | Using conservation of energy:
1 , 1 5 M1 for 3 [or 4] terms: 2 KE
Em(5u) :Em(2u) + 2amg M1Al and 1[or 2] PE
%lequ =2ag M1 M1A1 for finding h
u= |3 Al
21
(b) | Using conservation of energy with speed
at point Sto be V: Or
2
lm(5u)2=1m(V)2+amg(1+c0560) M1 1m(\/)2 :amg(l—c0560°)+lm[2 ﬂ}
2 2 2 2 21
1 .., 1 , .1
=mV*==m(5u)* —1=am
> > (5u) 5 2mg
2 4ag
V©=25x| — |-3ag
21
vz =372 Al
21
Resolving radially at point S:
2
R =—mgcos60+ V) M1A1
a
1 37mg
=—=-mg +
2 21
Al

53
=—mg or 1.26m
42 J g

Total

(Q8, June 2013)






