Mech Major — Mark Scheme
l.
1() 2g=400x M1 use of Hooke's law and equilibrium
x=10.049 Al
[2
(i) 05-e Bl  accept unsimplified
[T
(i) 7,=T,+mg M1  equilibrium equation
400¢ = 400(0.5 - e)+2g Al allow their (ii) instead of (0.5 - ¢)
800e = 219.6 M1  solving an equation with more than one term in ¢
e =0.2745 Al cao
[4
(iv) 7,=400e=109.8 F1 400 times their ¢
T, = 400(0.5~¢) =90.2 FI or T,-19.6
[2
(v)  (let y be displacement below equilibrium position)
my=T, +mg -1, M1 NZ2L in general position
B1  weight term (ignore sign)
= 400(0.5 —e — y) +mg —400(e + y) MI1 two distinct tensions in terms of y (or equivalent)
Al all correct
= y=-400y, i.e. SHM El  must be completely correct and conclude SHM
period =;.5'=‘f'.‘5'=f6“ E1 dependent on both M1 marks
6
2.
3()) y?=2x9.8x62.5=>v=35ms" El  using energy or constant acceleration formula(e)
: [T
() Lmy? = mg(62.5+25sin0) Ml using energy )
of Lmy? —mg -255in @ = Lm-35? Al  25mgsin@ (.or equivalent) seen
2 - Al correct equation
= v’ =125g +50gsin & Al  or equivalent
R-mgsin@ =1 M1 N2L with mv'/r
= Al
R =4-(125g +50gsin ) + mg sin 6 M1 substitute their v (but must be in terms of 6)
R =mg(3sin6+5) El
[s
(i) radial = 3+ =5g +2gsin & Bl follow their v* (but must be in terms of 6)
tangential mv = mg cos @ M1 N2L with cpt. of weight and no other force
v=_gcos6 Al ignore sign
lacc|= J(?g +2gsin6)* + (g cos )’ M1 finding magnitude
= gJ25+20sin6 + 4sin’> 6 +1~sin’ @ M1 using cos?@=1-sin* 6
El

= gVJ26+20sin6+3sin* @




3.

4(i) ¥ =0 (symmetry) Bl need justification
x?ydy
y= -‘L—ﬁ— Bl formula
Ix’dy
3 s
_ E(y e 4 5 M1 substitute & expand (both) — must have more than
- £(l—2y’+y‘)dy two terms for each
[L v =dy'ed v‘]:, M1 integrate (either) — must have more than one term
S L | Al numerator
[" -3y +4y’ ]o Al denominator
R El
15
[7
(i) Am-f+m-3 M1  Zmx/Zm or moments
Al numerator
Aty Al  denominator
104+ 21
= El
16(A+1)
| 4
fiii) need centre of mass in hemisphere Bl  may be implied
104 +21 Bl inequality
—<l 3 =
16(% +1) M1 solving (accept equation)
A>3 Al cao (if from equation, > must be justified)



(i) :
10=2vsov=5s05ms Bl
1
(ii)
10=(2+3)V M1 | PCLM. Must deal with coalescence.
soV=2s02ms’ El
2
(iii)
2 , 0 >
OO
after i —_—
Van V¢
10 = Svc + Svap Mi PCLM
Al | Any form
AR . 06 M1 | NEL
0-2
Al | Any form
Solving v =1.6s01.6ms™ El | Must be clearly shown. (Either solved or v subst in one
equation to get vay and both values checked in the other)
5
(iv)
NEL applied perpendicular to the floor M1 | May be implied
Vertept 4 Jog Bl | May be implied
Afterbounce T J6g x0.6 = f2.16g El | If decimal equivalence used need at least 1 d.p.
Linear momentum conserved parallel to floor | M1 | May be implied by using 1.6 after the bounce
. \ J6g x0.6 o
Angle with the floor is "m_-l_6_ M1 | Use of arctan or equiv with numerator their ,/2.]6:
= 70.8243... 5070.8°(3s.1) Al | cao
6




5.

10)  [E)(=[mghcos8])= ML*T™ Bl stated or used correctly
[@)=T" Bl stated or used correctly
(1)=[E)[0?) MI
=ML? Al  from equation
[a
() T=MLH*MLT?) LY M1  substitute dimensions (must be shown)
a+p=0 M1 compare indices for one dimension
2a+B+y=0 M1 compare indices for all dimensions
-2B =
B=-1 Al one correct
a=%,y=—-{~ Al all correct
if no comparison then M1 for substituting,
A2 for one correct, A2-for all correct
[5
(iii) @ small =sin6 =0 BI
=6 =~ -90 = SHM El  must conclude SHM
I 2
(iv) 6=0.05sin(3 +¢) MI  or equivalent (accept non-zero value for &)
0.025=0.05sing =>¢ = %)t M1 calculate &
0 =0.05sin(3(+ £ x) or 8 =0.05cos(3~1x) Al
0=0>%+lx=n=1=3x Bl
[a
6.
2(i) 30? M1 use of v¥/r
N2L towards centre: Force on engine = 50000 — Al  identify as N2L
500 Al all correct
N3L: Force on rails = Force on engine = 90000 Bl identify both forces and use of N3L
[z
(ii) p? .
50000 = 50000% M1 N2L with v¥/r
=V =105 ~224ms™" Al
| 2
(iii) . 30°
component of acceleration = S.Tocosﬁ Bl
. 30 Bl resultant force down bank
T +50000g 5in6 = 500007 -cosd M1 N2L with component of acceleration
Al comrect equation (not 7= ...)
T =90000cos8 —490000sin 0 El  must follow from correct N2L equation
Alternative:
. 30?
Tcosf + Rsinf = 50000— B1
500
Rcos@ =Tsinf +50000g B!
eliminate R AMI
T =90000cos® — 490000sin 8 £l
[5
(V) R =190000" + 490000" ~ 498200 BI
a = tan"' (490000/90000) ~ 79.59 MI
Rcos(0 +a) = 50000 = 0 +a = cos™' (50000/ R) = 84.24 M1 solving
=0 =4.65° Al



7.

3() 0.2g=5x/08 M1 use of Hooke’s law
x=0.3136 Al
length = 1.11(36) m Al
I 3
(ii) 5x1.6° M1 use of energy
-}-0.2v1 +02gx24= w03 Al EPE tem
’ Al correct equation
=v=574ms” Al
[4
(iii) " 5(24-1)  5x1.6° M1 attempt EPE in terms of /,
$0.2v* +0.2gx2.4+ 2l s 2x08 Al correct EPE in terms of /
L - M1 energy equation (everything considered)
Al all correct |
viz0= M1 use of v*>0 (accept =) _
I,z -6.1184/, +5.76<0 Al equation or inequality (or multiple)
=1.162</, £4.956 M1  solving quadratic
/,21.162 Al inequality must be justified by algebra or
explanation
8
8.
G
O BI
1bhy = flz-(fx)?dx Bl formula stated or used correctly
2 M1  substitute and integrate RHS
=i—[,Lx’]: =1h% M \mits and divi
22 use correct limits and divide by area
y=1h El
x=%p Bl
[6
(ii)  shear = mass distribution from x-axis unchanged M1  or calculation
=y= %k El
Yohx = Ych-2c+ L (b-c)h-(c +3(b-c)) M1 reasonable attempt at X
Al  correct equation
‘f = ~,Lb + J}-C E 1
[5
(iii)
B
()
topples <> a > 60° Bl (accept =)
(¢ > 0 = a acute) so topples <> tana > 3 M1 (accept =)
1y h . " S
3 N inequality must be justified by algebra or
S>> c<—==b Al :
Th+ic N explanation
h
asc>0, h<~ﬁb=>c>£--—b=vdoesnottopple El



(i

0.5mu> =0.5mv” + miga(l —cos ) M1 | Attempt to use KE + PE = const
Bl mga(l —cosfd)
sov? =y’ =2ag(l-cos @) El Clearly shown. Accept consistent signs throughout.
3
(ii)
B my’ _ P Radial EoM attempted. Accept mg not resolved. All
T—mgcosf = a (_ maes } Ml terms present. Do not accept T resolved.
Bl LHS
Bl RHS accept u <> vand a <> r
m 2 | 7.
so I =mgcosd+ —r[e.- - 2crg[l —Cos H]} Bl Subst correct v© into their T
[
= E[Mg cos@+u’ - Eag} Al Accept any form with T the subject.
a
5
(iii)
Need (3ag cosd + i’ —2ag) =0 (for all #) M1 | Accept=, = and given in words. Or start again.
Worst case is when & =17 Bl May be implied
giving 1” > Sag El | > must be justified
3
(iv)
v=0whend = % =ul= 2ag M1 | Attempt to find & from initial conditions.
Al
we need 2ag =5(a—b)g M1 | Attempt to relate result in (iii) to this situation. Accept
1" =5hg . Or start again.
so 5h=3a orbz? Al
4
total 15




10.

(1)
1
Volis }rj‘.r:dy
-1
1.
= ;rI{EyJ —J.=4 + l_]ﬂfr M1 | Limuts not required
-1
z 1
2 1,3 }IJ
= m 3 —T+y Al | Limits not required
-1
M1 | Limits dealt with correctly
_ F"E' l_l+|] = 4'1- j"r'i.ll i m El Cl | h
27 s T giving T carly shown
3{_."}3 -(- J'f +l= 2.}': _}'4 +1
so symmetrical about y =0 soc. m.1s at (0, 0) | Bl Must show symmetrical as well as give c.m.
5
(1)
1 h r(!' \l_ Use of elementary discs radius ra'h or equivalent.
Tah = 'TJ" k_ . Ml Award for attempt to find Ifr.n':cit or equivalent
L]
Bl Correct relation between x and y.
5 h
RE.S i FI Integration of their expression correct if at least
R quadratic. Neglect limits.
U
S0 Em-z hx = Jﬂ'::i_ M1 | Approprate limits substituted and attempt to use M
x=—h so —h from base El Clearly established
5
(1) | Radius of cone is ¥2—1+1=42 Bl
. h 44 . . .
Require 3 gxlxhx—= ?xl M1 | Attempt to write equation using , e.g.,moments
y Al | LHS or equivalent. FT their r.
[ ittt :
i X Al | RHS or equivalent. FT their r.
—
x h
[1f three terms, A2 -1 each incorrect term. FT their r.]
f{{ﬂ
h= 3 (=4.1952...) Al
5
total 15




(i) mg =19.6x0.05 MI | Use of HL
m=10.1 Al
2
() [ wNoL L M1 | Use of N2L. Condone sign errors and mg omitted.
mg —F =mx
0.1g —19.6(0.05 + x) = 0.1% M1 | Linear expression for F in terms of x
Al |F'| correct
Bl All correct including signs.
50 X+196x =10 El
[Award up to 4/5 if x taken +ve upwards)
5
{iii) | either
v o= mz{gl —x3] M1 | Award M1 even if x =0 used below
80 v = [gf,{[}_ 17 —(-0.05) } =1.47 Al | Correct substitution
sov=12124...s0 1.2l ms"' (3s. f) Al cao
or
%xf}.lrl':+|.']'.lxg.SXGJS:%XIEJ‘.E}YD.IS: M1 | Equating KE + GPE to EPE
Al | All correct
sov=12124...50 1.2l ms"' (3s. ) Al cao
or
First find x=0.1coslds (see below)
v=—1l.4sinld Bl
sub r=% (see below) M1
v=—1.2124... and speedis 1.2l ms ! (3sf) | Al cao
x=0.1cos 14t Bl | Obtaining expression for x in terms of ¢
we need —0.05=0.1cos14¢ M1 | Equating x in terms of f to —0.05
s0 = i (0.150s {3 s. £)) Al | cao. [Award 0 for Y4 penod)]
i
(iv) | either
The motion 1s SHM, a =0.2, @ =14 M1 | May be implied
v=v__ of the SHM El May be imphied
Voo =am=02x14=238 Al
or
0.5x0.1xv% +0.1g x0.2 =if’(ﬂ.252 -0.05%] | M1 | Equating KE + GPE to EPE
B M1 | Correct change in EPE
v=28 Al
[SC1 for 0.5x0.1xv" =0.5xk=0.27] 3
total 16




12.

1(i) 20%0.5 M1 Hooke’s law
T_4£r = 0s =20N Al
B(.=2UXU'2=5N Al
0.8
(£)0.75a =205 M1 N2L
a=(x)20ms> Fl
5
(i)  20e 20(0.7-e) Bl 07-¢
05 08 M1  equilibrium equation
' ' Al
e=10.269 Al cao
4
(1ii) if BC goes slack when speed = v
L, Ax0T Ax12? .
TV = M1 energy equation
- 2x0.5  2x08
Lmv’ =8.2> 0 hence BC goes slack El
. Ax(AB-0.57 Ax1.2’ M1 energy equation
at furthest distance, 2%0.5 T 2%0.8 M1 EPE term in terms of a variable
Al correct equation
AB=145m Al cao
6
13.
20) T =kml* g’ = T=M‘L”(LT?y M1 substitute dimensions
a=0 M1 equate indices and solve
2y=l=my=—5 Al at least two correct indices
Il
B+y=0=pF=1s0oT=k E Al formula (aef)
4
() mid = -mgsing M1 N2L tangentially (no tension term)
Al accept sign error
6=—-2sind Al
3
(iii)  §~-£0 hence SHM M1 use sinf =6
El  must conclude SHM
. i
period =27 J: B1  follow their SHM equation
g
ic.asin (i) with k=27 Bl
4
(V) @ =—0 wsinawr Ml clear attempt at velocity (not displacement) in
! terms of time (must use sin or cos)
|9| >16,., ©ina|>L M1  inequality for sin (or cos)
for one half-period, [0 £r< g] wehave tr<ar<izm M1 solve inequality
proportion = 5o b =1 Al

x

ar



14.

3(1) _%m-Z.R1 -mg-02= %mv2 —mg-02cosé M1 attempt energy equation
v =28 -04g +0.4gcosd Al  correct equation (any form)
v =3.92(1+cos ) El
v M1 N2L with £ or re?
R—mgcosfl=m— "
r Al
=19.6m(1+ cos®) M1  substitute v
R=98m(2+3cosd) El must use N2L in form ¥ F = ma or clearly
justify signs
7
(i) leaves when R =10 M1
2+3cosf=0=>a=cos ' (—%)~2.3rad = 132° Al
2
(1ii)
v =392(1-H=v= ’ﬂzl.ldﬂ Bl
3
vertical ept v, = ,% sin(7—a) M1
1{l1=2gh:>k=%20.03?m Al
3
(iv) L’ —mg-Z=1m 2.8 —mg-02 M1 energy equation
2 i Al
v=2.67ms" Al cao
3
I5.
A1) grea = L_(dfx—x’}dr = [2_'::2 —Lx ]u M1 calculate area
=4 Al
() E7 B o or [yt e
y _LL: yidx Bl  both formulae correct
45 = _L:["-lx: —x ) dx MI1 integrate their expression
= [_—‘ixs -1y ]i Al or multiple
4y = J‘:%(]ﬁf —8x +x° ]d_r MI1 integrate their expression
Y T NN i
—:[.ax 5x+.,x]u Al or multiple
M1 limits
=3 El
y=1% El
11
(ii) N\ Cr / Forces concurrent Bl  (or correct moments equation)
I CX =+ tan60° M1  (or attempt two other equations)
i Stana =CX = %-\5 M1 (or eliminate tensions)
' = a=56.6° Al



16.

(a)
(1) [a]=[x]=L [v]=LT"' Bl
L’T?=[w"]L M1 | Equating
so [a]=T" El
[Award max of 2 if any units used instead of dimensions] | 3
(i)
angular speed frequency Bl | cao. Accept ang vel. Accept examples c.g. pulse rate
1
(b)
(1) F=ky=0015x9.8 =0.098k M1 | F=mg (0.147)and y=0.098 in F=ky. Give for
k= 0.013¢ seen or implied.
0.098
= k=15 El Fully explained. Accept F = ky not explamed.
A
(i) [NzL |
0.015x9.8— (0,098 + x)x1.5 = 0.015% M1 | M2L applied including attempts at weight and upthrust
Bl | Upthrust term. Allow +{0.098+x)=1.5.
Al All correct including signs. Acceptx T and using y
= x+100x=10 El Clearly shown with given x.
4
(1ii)
v2 =100f0.022 —0.012) M1 | Use of this result or differentiation etc
=v=01732.. s00173ms " (J0.03) Al
[Using a W-E approach M1 for GPE, KE and WD
against F term attempted. Al ]
[1f time found first,: M1 for & (their ime) used. Al]
x=0.02cos10¢ Bl | Orequivalent
we need
—0.01=0.02 cos 10¢ M1 | Equating in their expression for x. Allow sign error.
= cosl0f =-0.5
A
=10 =2 o222 Al | cao
3 15
(=0.418879...500419s(3s.£)
x
/— 3-‘? [1f graphical method used: B1 shape; Bl x = -0.01 line;
001 =~ J'\'j ------ Bl cao]
-0.02 -
5
total 15




(1)

17.

No tangential acceleration El
1
(i1)
R=mra” =03x0.4x100 M1 | N2L radially. (Award for Virwith v = 10)
=12s012N Al
2
(111}
T F=03g (2.94) Bl Accept inequality
F=ui M1 | Accept=. Only vertical F considered. Use their
R from (ii).
S0 uE f—n s0 least value 1s f—[} (0.245) Al | Accept inequality inc strict. FT value of R from (ii).
3
(1v])
R=mra® =0.12{10+ 5:}: M1 | NIL radially and substitute for o . (Not v'/r with
v=(10+ 5¢))
= 32 —:}3 El [ Clearly shown
2
(v
F=mrar=03=x2=0.6 Bl N2L transverse direction
F<uR=puz _ : M1 Condone = and <. R must be correct. F must be
3{3 +i ].: 5(2+ f]: attempted from consideration of transverse motion.
El
We need the greatest value g can take which | E| Clear explanation required
is when 1 = (.
This gives u=0.05. El Accept = Dependent on correct reason given.
5
total 13




