Name:

Circular Motion - Horizontal

Date:

Time:

Total marks available:

Total marks achieved:

Mark Scheme

Q1.



Question

Nadicy Scheme Marks
A+
g - 0.6 m
e sl
0.4 s
a m “—_.---“__________“f-.-”-_-_,-:E’ G
L
f,r""ﬁ“rﬁ l
emTT 0 m
Bt mg

y \ Bl

cos@ = E' = l
06\ 3/
Resolve vertically: M1
T,cos8=T,cos@+mg (T,=T,+3mg) AZ2,1,0
Acceleration towards the centre: M1
Ciil 3 \ A2,1,0
T,sin@+ Tysing = mx0.6sinxe’ | T,+T, = 5x 2 100 = 300
Substitute values for wand trig functions and solve to find T4 or Tp M1
T,+147+7, =300, 27,=300-147=153 AlAl
T,=2235(N) , T;=T6.5(N)
T,=224 or 220 T,=76
=75 or IT 1,=223
(10)

10

Q2.




Question

Number Scheme Marks
@
da
T,
Ba Ty
mg
e + ; 3
cosfd=— or smf=— Bl
5 5
R(vert) Tycosd5+mg=T,cos8 M1 Al
1 4
—=T,+mg=—-T
_JE B .Fﬂg 5 A
R(horiz) T,sin@+Tzcos45= mx3ae’ M1 Al=Al
3 1 2
;T_i +fTB =3mam”
3 5
Ei‘l—mg=5mam —ETH M1
7 2
:T{ =3mam” +mg
5 2 .
T_i=—_lrm(5am +g} 4 Al (8)
."4 b1
(b) szﬁt;’fﬂ—mg‘ M1
( 4 ’) .
e \EL—Tm (3a0" —g}— mg ]
3+/2 )
= f_m(4ﬂa)‘—g) oe Al
(2)
() T,>0=4a0’ > g M1
®° = £
4a
@ = 1l Al
2Na
(Allow strict inequalities in (c).)
2)

12




Q3.

%l:je;g:? Scheme Marks

A

rad s‘l[=%m8.3??.._ B1

A

80=x2m
o=
60

Accept v= 1?—; ~0.67ms™ as equivalent

(T) R=mg B1
For least value of i () umg = mre’ M1 Al=A1
P =%x[8?ﬂ-] ~0.57 accept 0.573 MIAT  (7)

[7]

Q4.



Question

Q5.

Number Scheme Marks
A
Tz
Ty
B
mg
(a) I B1
e
R{T T cos45 =T, cos45+mg M1A1
T -T,=mg2 (1)
R(—)v) T cos45+T, cos45 = mre’ M1A1
1 1 I ,
T x NE % 72 =m 72 @
T +T, = mlo’ (2)
Tg—szmg\/l‘ (1)
2T =m[fmz——g V_,l} M1
BB R TI
T —Em(fm +gvV 2}
T, =mlo*-T, Al
1 2 : Al
ZTm(fra‘—gv’l)
(8)




Question
N Scheme Marks
mg
12
(a) cosa@=— B1
13
R(T) Tcosa=mg M1
1 )
Tx—=m
13 o
13
T =Emg o Al (3)
(b) . . Vv’
Eqn of motion Tsine=m— M1 A1
T TS M1 dep
12 13 51
y 25
Vo= gF
12
- 3
5 2 A
v== gl {accept S‘F—I or, f':\gf or any other equiv)J o “)
23 12 12
[7]

Q6.



%ﬁiﬂgp Scheme Marks
(a)
R
UR
mg
T R=mg B1
Use of limiting friction, ¥, = uR B1
~y 2
g gppeits M1 A1
120
2
PR cao [ M1 A1 (6)
120x98 3
(b)
mg
T Rcosa— tiRsina = mg [ M1 A1
2
«  pRcosa+Rsina=_"" T M1 A1
r
_uccsa‘+51na' L5 Eliminating R [ M1
cosa—Mdsina g
M=2 Substituting values [ M1
Jcosa—2sma 24
leading t tan & = = rt 0.22
cading to g awrt 022 Llim1 a1 (8)
[14]
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Question

Number Scheme Marks
(a) « Rsinf =mxeo" M1 A1
3
R){izmrx—g M1
F 2r
R img Al
2
(b) 1 Rcos@ =mg M1 A1
3 d
il x—=1mg M1
2 ¥
d 2
=—j
3 Al
" [8]

Q8.




Question . !
e Scheme Marks
R(T] R=mg
F=umg Bl
2
20 revs per min = ax 27 rad s MI1Al
[z Zx rads’
3
.
R(—) ;fn?gzn?x(}.ﬂrx(éﬁ] MI1A1ft
0.4x4r’°
B=—F1"
g
p#=0.18 or 0.179 Al
[6]

Notes for Question

B1 for resolving vertically and using F = 4R to obtain F = umg . This may not
be seen explicitly. but give B1 when seen used in an equation.

. . < b
M1 for attempting to change revs per minute to rad s™', must see (2)7. (Canuse 60 or 607)

,
Al for ﬁxl?r (rad ") oe
60

M1 for NL2 horizontally along the radius - acceleration in either form for this mark. F or gmg or um
all allowed. r to be 0.4 now or later. This i1s not dependent on the previous M mark.

.
Alft for umg=m ><0.4><[ § :r] follow through on their @

Alecso for 4 =0.18 or 0.179. must be 2 or 3 sf.

NB: Use of <: 1s allowed, provided used correctly. until the final statement, which must be =

Q9.



Question

Number Scheme Marks
(i) For QO T=2mg B1
For P Tcos8=mg M1
1 %
c055=? 8 =60° Aleso
(ii) ForP — Tsinf =mre” [ MI1A1
2mg sin @ = mx 51sin Ox " Ll L
¥ 3]
e e = Alecso

[8]




Notes for Question

In this question. award marks as though the question is not divided into two parts - ie give marks for
equations wherever seen.

(1)

Bl forusing O (no need to state Q being used) to state that T = 2mg or T, =2mg with T, =T, seen

or implied later.

M1 for attempting to resolve vertically for P T must be resolved but sin/cos mterchange or omission
of g are accuracy errors.
mg+2mg=T+Tcosd gets MO

Alcso for combining the two equations to obtain &= 60°

NB: This is a "show" question, so if no expression is seen for T and just 2mg cos & =mg shown. award
0/3 as this equation could have been produced from the required result, so insufficient working.

(i1)

M1 for attempting NL2 for P along the radius. The mass used must be m 1if the particle 1s not stated to
be P:; a mass of 2m would imply use of 0. T must be resolved. Acceleration can be in either
form.

Al for Tsinf=mre’ or TT = mra

M1 dep for eliminating T between the two equations for P and substituting for r in terms of / and
€ dependent on the second but not the first M mark.

Al for 2mgsin@=mx5lsinfx@" or m:muﬂ::ﬂsma[

-

ar

] & or 60°
b4

Tcosd
28

Alecso for re-arranging to obtain @ = F
-7 5

ensure the square root 1s correctly placed

Alternatives: Some candidates "cancel” the sin & without ever showing it.

M1A1 for T = mx5le’
M1A1 for 2mg = Smie’
Aleso  as above

Vector Triangle method: Triangle must be seen

T=212mg Bl
cos§ == M1
A Zm m
& =60° Al g =
Correct triangle M1A1
. Sml sin Oeo” -
sin@ = M MI1Al ma =mre
= = Sml sin 6 &
®»=.. Alecso (as above)

Q10.



Marks

Question :
Number Scheme
WVertical: Rcos S =mg MI1A1
= = M1Al
Horizontal: Rsin 8 = sl Sm
F a
- 3mv? Mldep
Divide: tan f = s
amg
B1
tan B = L
a
2 [ Al
il - ﬁ . 31— =h,v= .‘llllh?g *AG {-J,r)
am a
g = (7]

Q11.



Qluestion

Number Scheme Marks
. . 3g
R&m$=m><4f'5m$><g— MIAIAIL
.
3
R=—mg
2
Rcos@=mg MI1A1
3
E mgcostd=mg M1(dep)
2
cosf? =— Al
3
2 8
0C=4F'C055=4?':<§=§I'0€ MI1A1
ran
Notes for Question
3g v’ :
M1 | for NL2 towards C' - Acceptuseof v= o and a= as a mus-read
r r
Al | for LHS fully correct
Al | for RHS fully correct
ALT: Work in the direction of R and obtain the same equation with sin & "cancelled".
T Give M1ALAL if fully correct. MO otherwise.
M1 | for resolving vertically
Al | for the equation fully correct
M1 dep | for elimunating R between the two equations Dependent on both above M marks
2
Al | for cosf@=—
M1 | for attempting to use ing or Pythagoras to obtamn OC
Al cso | for OC =§r




Alternative for Question

MIATAL

M1 Al
M1 Al

M1

Al

. 3g
Rsm@=mxax—=
ar

Rcos@=mg

3
tan & = 24
ar

a 3a
oc  8r

Q1l12.

Question
MNumber

Scheme

Marks

(a)

(b)

Tsin60° + Rsin60° = mg
T cos60° — Reos60° = micos60° @’

i ., 2
T=im(low-+—
2 «J"Eg}

j >
R=im(—=g-lo)

NE)

2
Im(—=g-lo’)>0
) 3

e

-
- | =E
@< |—=
Vi3
t=2m ﬁ E 2
JES

M1 Al
M1 Al Al

DM1 Al
(7

M1 Al

DM1

Al

DMI1 Al
(6)

Notes

(a)

(b)

M1 wertical equation

Al correct vertical equation

M1 horizontal equation, acceleration in either form
Al correct lhs

Al correct rhs

DM1 solve for T

Al correct T

M1 obtain an expression for R

Al correct expression

DMI1 setting R> 0

Al correct inequality for w

DMI1 obtaming an inequality for ¢
Al correct nequality




Q13.

Q14.

Queston Scheme Marks
Number

@) | R(T) I, cos30=mg+T;cos30 MIALl

NL2 T, cos60+ T cos60 = mra’ MI1A1
=mx2lcos600” or mle’ Al
T,+T, =2mle’
2mg
I,-I;=—
4 B ..JIE
@ |I,= %(3@@3 +gv3) oe DMIAI
. Mo s -

) |Tp= Epm- ~2\3) oe Al (8)

(b) T,20 = 3’ > g3 Ml
R Alcso (2

3l
[10]
(a) M1 Resolving vertically

Al Correct equation

M1 NL2 along radius. acceleration 1n either form

Al LHS correct

Al Correct radius substituted and accel in r@” . Can be awarded later by implication if work
implies correct radus used.

DM1  Solving the two equations to obtain an expression for etther tension. Depenent on both

previous M marks

Al Tension in AP correct — simplified to two terms

Al Tension in BP correct — simplified to two terms

(h) M1 Using ther tension in BP =0 must be = for this mark
Alcso  Obtaimng the GIVEN answer. Only emror allowed 1s the expression for the tension in AP




Question Scheme Marks
Number
(a) N
<E— v
UN* | T=ﬁN==ﬁ-’mg M1, Al
mg
3 1
21
jrotes =0. = Al (3)
rg T5x98
() R
syt ' 2omg
0.6 r mg R i—é.é]zmg::r}i: 25mg Al (&)
5 53 11
(c) 3
R(¢) Rsina, +0 6Rcosa =" M1, Al, Al
r
v=325ms” dM1 Alcao
()
In part (b) M1 needs three terms of which one i1s mg
If cos ¢ and sin & are interchanged in equation this is awarded M1 AQ Al
1
In part {c) M1 needs three terms of which one is Y or mra
r
If cos o and sin & are interchanged in equation this is also awarded M1 AD Al
If they resolve along the plane and perpendicular to the plane in part (b), then attempt at
2 2
R—mgcnst?t':ﬂsin{x .and 0.6R+mgsing = ™ cosa and attempt to eliminate v | pq1
r >
Two correct equations Al
Correct work to solve simultaneous equations Al
Answer Al (4)
In part (c) Substitute R into one of the equations M1
Substitutes into a commect equation (earning accuracy marks in part (b)) Al
25mg 25mg
Uses R= or
TR Al
Obtainv=325 MIAL1 (5)

Q15.




Qluestion

Number Scheme Marks
) Tcos@=mg ML AL
. e
“— Tsinf=— M1 Al
-
F :
tan & = 7 'I or equivalent | p[1 A1
N = B
tan & = v Eliminating T M1
g
r v’ S
—— = Elimmating & M1
(I"=r") rg
et =via (P =) %k cs0 Al (9
9]

Ql6.




Question
Number Scheme Marks
(a) T, c0530° =mg + T, cos 30° MI1AL
2m,
T.{ = Ts = Tf
. 1 3
Radius =—/tan30° |=—1 oe Bl
2 6
T, cos60®+T, c:n:nsﬁl)"=1r1v.-rmlz=m[%."13113{}"].-:;:-1 MIATAIR
mle®
T +T,= \E
1| 2Zmg miler a3 5 %
i T, == + = 2g+iw” DMIATle:
(i) A 2[ J.’T 3 ] 3 ( 4 } Cs0
L mle® 2mg
" T -~ - oe Alcso 9
(i) B 2[ -.E» "E ] (9)
(b) T,>0 2mg<mle M1
@ > er_g Al
T=2_ﬂ T <2 L=;r E * DMIAleso
o 26 Vg () [13]
(a)M1  Attempt a vertical equation, can have & for the angle
Al Completely correct equation, must have numerical angle now
Bl Correct radius seen anywhere
M1 NL2 along the radius. Acceleration in either form and can have r for the radius
Al Correct sum of tensions (may have a tension on each side)
Alft  Correct mass x acceleration, follow through their radius
(i)yDM1  Solve the equations to either Ty =_. or T3 = ... Dependent on both previous M marks. Can be
awarded for finding Ty or Ta
Aleso  Correct expression for Ty Given answer so no equivalents allowed.
I:'::L':l Correct expression for Ts. Any equivalent 2 term expression allowed.
Special If only one of vertical and radial equations found and the given Ty used to find T, award the
i} I:-:s:& marks earned for the equation and radius, if used, and Bl for T& (last Al in (a) on e-PEN)
Max score 5/9
(pym1  Deducing an inequality from the expression for 7 Can have
2(m)g <(m)le’ or 2(m)g<(m)le’ or 2(m)g= {m}f&)z
Al @ > 2_g or @' = Z_g oe inc equivalent in words.
DM1 UseT= 2z with their @ to form an inequality for T, canhave T <. or T'= ..
]
Dependent on the first M mark of (b)
Aleso  For a correct final statement from a correct solution. Must be T'<... or equivalent in words

Q17.




Question Scheme Marks
Number
12mgcosd@=mg or Tcos&d=mg MI1AL
: o 1 a . \
(i) cos&° :1_3 8% =cos 1 &= 33.55.. (accept 34, 33.0 or better) Al
1.2mgsin8 = mre or Tcosd =mre’ MIAL
1. 2mgsin @ = m = sin G’ Al
(ii) 1.2mg=588Im = I= lj; z_g =0.2(m) dMI1AL  (8)
J0.
A1 Resolve vertically. Tension to be resolved, weight not resolved.
Al Fully correct equation with substitution for I made.
(1Al Correct value of & Min 2 sf Use of radians scores AQ
M1 Attempt NL2 horizontally. Tension must be resolved. acceleration can be 1 either form.
) v
Al LHS correct. RHS can be mr@™ or m— here. T substituted now or later
-
Al RHS correct. acceleration as shown. sin& may be numerical % or 0.53527... (nun 3 sf) or
a numerical value for r ( or 0.110..) may be seen.
dM1 Use the above equation to obtain a numerical value for /. Depends on the second M mark
(Al Correct value of /. Accept 0.2, 0.20, 0.200. Exceptionally allow l_ here.

2
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