A LEVEL MATHEMATICS ANSWERS AND MARKSCHEMES
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MOTION UNDER VARIABLE ACCELERATION
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A LEVEL MATHEMATICS ANSWERS AND MARKSCHEMES

MOTION UNDER VARIABLE ACCELERATION

2. a) When moving upwards the only force is gravityuse equations of motion. Bl
u=7 v=0 a =-9.8 Bl
VV=U+2as = s=25 M1 Al
. Height above ground = 1 + 25 = 35 Al

[5]

b) For journey down taking downwards as the positive direction

resistance = 0.25v Bl
a = 0.25g - 0.25v M1 Al
a-= vﬂ M1
dx
[—5dv = o025 dx M1
g-v
-%In‘g—vz‘ = 0.25x+C Al
v=0 x=0 (“measuring” from greatest height) Bl
= C = —;Ing Al fit
. In g 5 = 0.5x
g-vVv
g-vVv
2
g
V2= g(l - e—O.Sx) Al f.t
Xx =35 = v =285 (3s.f) Al ca.o.
[11]
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A LEVEL MATHEMATICS ANSWERS AND MARKSCHEMES

MOTION UNDER VARIABLE ACCELERATION

3. a) Taking downwards as positive direction

a=2g—kv M1 Al
At limiting speed a=0 Bl
. 2g-gk=0 = k=2 Al

[4]

. dv

e — =2(g- M1
i.e m (g-vV)

jﬂdv = jz dt M1
g-v

njg-v| = 2t+C Al

|r<g“’ = 2t M1
g
9=V o2 o v=g@-e?) Al
g
. t=3 = v = g(1-€9) Al fit.
dx 2t
v=— =0(1l-e M1
m o( )
e—2t
x=gt+s_|+cC Al
2
t=0 x=0= c=-9 . x=9tie? 1) M1 AL
2 2
t=3 x =%(5+e‘6) AL fit.
[11]
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A LEVEL MATHEMATICS ANSWERS AND MARKSCHEMES

MOTION UNDER VARIABLE ACCELERATION

4. a) x = -286+3t+C
t=0, x=2=> -2 =-2+C,s0C=0
x =-26' + 3t

a = -2¢t

byt=In5 v =28"%+3 =34
x=-2¢""% + 3In5 = 3In5 2
So: betweent=0andt=In5, distance moved = 3IE5-(-2)
= 3In5+ 2

Betweent=In5andt=2: a =-6 u=34 t=2-1In5
s = ut+iaf

3.4(2-1In5) +1 (-6)(2 - In5j§

0.8703

Sototal = 3INn5+1.6+0.8703= 7.30m (3S.F.)

M1
M1
Al

Bl
[4]

M1 Al
Al

M1
Al
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M1

Al
Al

Al
[11]
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A LEVEL MATHEMATICS ANSWERS AND MARKSCHEMES

MOTION UNDER VARIABLE ACCELERATION

5. Newton 1= <™ = g na= KU M1 Al
(x +Kk) (x +k)
a = V¥ B1
dx
oo ke AV AlfL.
dx (x +k) dx  (x+k)
Ly = ku L C
(x +k)
v=u when x=0= C=0 M1
- _ku Al
(x +k)
. when speed is halved— = _ku M1
2 (x+k)
i.,e. Xx=k = distance is k m from O M1 Al
y=& o dx K M1
dt dt  (x+k)
[Oc+k)dx = [kudt M1
2
?+kx = kut+D Al ft.
t=0, x=0= D =0 Al ft.
2
Kut = X< + 2kx
'.x=k:t=3—k M1 A1l f.t.
2u
[15]
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A LEVEL MATHEMATICS ANSWERS AND MARKSCHEMES

MOTION UNDER VARIABLE ACCELERATION

6. a) a=-2v
B1
LAY jldv = [-2adt M1 M1
dt v
Inlv| = -2t+C Al
v=4 t=0= C =1In4 M1
-~ In % =2t Qe =g M1 AL
[7]

b) Since v =48 and €2'> 0 particle will never come to rest. B1
Maximum value of €% is when t = 0. speed will decrease tending to zero. Bl
a=-2v M1
:vﬂ =-2v ﬂ = -2 Al

dx dx
= -2x+C v=4 x=2= C=8
T~V =-2x+8
x=4-1v M1 Al
Sincev>0, x<4 M1 Al

[8]
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A LEVEL MATHEMATICS ANSWERS AND MARKSCHEMES

MOTION UNDER VARIABLE ACCELERATION

7. @) Since unit mass a = g —kv M1
For terminal speeda =0 Bl
gv?
g =4k ie. a :QT Al
[3]

a=% -9( 2 M1 Al
dt 4
_[ dv _ _[g dt
4-v? 4
ij(i+ 1 jdv = jg dt M1 Al
4°\2—-v 2+v 4
N2V = grec M1 Al
2-v
v=0 t=0 = C=0 Alft.
2+vV _ ot
2-vV
2+v=28-ve
gt
v==— 7 Alft
et 11
t=1=v=2.00m3 (3S.F) Al ca.o.
[9]
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A LEVEL MATHEMATICS ANSWERS AND MARKSCHEMES

MOTION UNDER VARIABLE ACCELERATION

8. a) Resultant force = -F — 2x M1
Since moving F |N Bl
. resolving vertically and no vertical moties N = 0.5g Bl
~F=2 Al ft.
. Newton lI= -2 — 2x = 0.5a M1
a=-41+x) Al
[6]
b) Impulse = change in momentum M1
. 3=0.5xv i.e. initial velocity = 6ms Al
a=vﬁ=-4(1+x) B1 M1
dx
2 2
Voo ﬂ +C Al
2
= V=41 +xf+K
v=6 when x=0= K=40 Al ft.
LV =40-4(1+5)
Whenv =0 (1+%XF10=>x=2.16m (3S.F.) M1 Al ca.o

[8]
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A LEVEL MATHEMATICS ANSWERS AND MARKSCHEMES

MOTION UNDER VARIABLE ACCELERATION

9. a) a=—¢€" Bl
vﬂ:—e’X M1
dx
V2
Ivdv:j—e’xdx = 7:e’X +C Al Al

Initially, v=1, x = In2

% e€”+C=>C=0 B1
v =\/§\/e’x =./2e 2 Al c.a.o.
[6]
b) = \/_e
Iezdx:Iﬁdt M1
2e% =2t +C Al
t=0,x=In2= 24/2=C M1 A1l
2e? =2t + 212
x Jat+ 242 t+2
e = =
2 V2
X _In (”Zj M1 Al
2 J2
t+2
X =2In
&
2 2
=|n[ﬁj — i (£2 M1 Al
J2 2
[8]
_i
C) v=+/2e 2

_fe [(HZ)j = J2e [EJ M1 Al

= Al (or by diffn
t+ 2 ( y )
[3]

d) 0 B1
[1]
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A LEVEL MATHEMATICS ANSWERS AND MARKSCHEMES

MOTION UNDER VARIABLE ACCELERATION

10a) ma =—g
_dv__kv B1B1
dt m t
(2]
b) J‘ﬂ:_ﬁ dt M1
v mJ t
k
Inv=—-—Int+C Al Al
m
Taking exponentials : v & »"*C M1
v=t el Al
soL=X A=¢
m
[6]
c) X _ At M1
dt
jdx:jAt_Ldt
-L+1
Lx-1=> X = At +C Al
-L+1
-L+1
tZO,XZOZ 0:%4_(:
-L+1
L<-1=>-L+1>2,s00"=0 Bl
soC=0
1-L
X = At Al
1-L
[4]
-L
d) t=3,x=18> 18=A x 30 o
1-L
M1 Al
t=3,v=18> 18=A3" @
Hence A = 18(9 M1

(attempt to solve)
Substituting inta®:

L 1-L
18 = gg_X:s_) M1 (powers)

1-L
18:18x3

1-L
1-L=3=> L=-2 Al
18=Ax3F = A=2 M1 Al

[7]
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A LEVEL MATHEMATICS ANSWERS AND MARKSCHEMES
MOTION UNDER VARIABLE ACCELERATION

QUESTION 10 CONTINUED

_2t8
V) X= —
3
t=2=>x= %6
M1 Al
t=4=x= @
3
Distance = 3% Al
[3]
11a) |r|?%= 9coé 2t + 9sif2t M1 Al
rl2=9 [r|=3 Al
implies particle always 3 m from 0 locus is a circle radius 3m. Al
[4]
dr A

b)v = ot = -6sin 2ti + 6cos 2§ M1 Al
|v|2 = 6%sir? 2t + Ecod2t Al
lv] =6ie. speed is constant and 6'ms Al

[4]

c) Initially r = 3 + Q] Bl
Returns to Awhencos 2t=1andsin2t=0 M1
ie. 2t=2 t=n Al

[3]

dr o
12. av = o = -6sin 2t - 4cos 2§ M1 Al
a-= d_\t/ = -12cos 2t + 8sin 2 M1 Al ft.
[4]
b) -12cos 2t + 8sin 2§ = -4(3cos 2t — 2sin 2t)

~ a= -4 ie. a=k k=-4 M1 Al

[2]

c) x = 3cos 2t y = -2sin 2t Bl

cos 2t =X sin 2t =Y M1
3 2
2 y2
CoSA +sifA=1 = e Al

[3]
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A LEVEL MATHEMATICS ANSWERS AND MARKSCHEMES

MOTION UNDER VARIABLE ACCELERATION

13a) v=0= cost =+/3sint M1
1 ocnt » == M1 Al
J3 6
dv .
aza = -sint— +/3cost M1 Al
=»a=-2 Al
acceleration of magnitude 2 fsn direction of x decreasing. Bl
[7]
b) x = _[v dt M1
X = sint+y/3cost +C Al
When t=0 x=0.. C = /3 Al fit.
x=sint ++/3cost-3 Al
[4]
14a) v = % = 6e?i + 462 M1 Al
[2]
b)a = % = 126'i - 872 M1 A1 f.t.
F=ma = F =36 - 2462 B1
=>F=12r . Al ft.
.. force always in direction of OP. Bl
t=0 > F =36 -24 M1
|F| =+36%+24% =43.3 (1.d.p) M1 Al ca.o.
[8]
c) x = 3 y = -2 B1
o2t =X 2t -2 M1 Al
3 y
x - .2 Xy = -6 M1 Al
3 y

[5]

Page 12



A LEVEL MATHEMATICS ANSWERS AND MARKSCHEMES

MOTION UNDER VARIABLE ACCELERATION

15a) t=0 = r = (2 ++/3)i M1 Al
|r| = 2 +4/3 = distance = (2 +\/§)m Al f.t.
[3]
b)i)vzd—r anda=ﬂ M1
dt dt
v=-43sinti + cos i Al ca.o.
a =-y/3cost - sin {j Al ft.
[3]
iytan 6 = —9%  — 1 ooty M1 Al
—+/3sint J3
—sint 1
tang =—— =—tant Al
—J3cost /3
[3]
i) =¢ -0 B1
= tano, = M M1
1+ tang tan®
i(tant +cott)
So tam, = Y3 AL Al
1-1
3
= g(tan t+ cott) Al
[5]
iv)tan o = ﬁ _2 = \/é M1
2 \sin2t sin2t
Perpendicular> o = 9¢ Bl
tana infinite Bl
=sin2t=0 M1 Al
True when t=0, t=72E Al Al
[7]
C) |v]=3sin?t + cos’t = 1 + 2sirft M1 Al
Max |v[2=3 min|v|2=1 M1
Max|v] =v3  minlv|=1 Al

[4]
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