Linear Motion Under a Variable Force 1 MS

Q1.

6(i) R=02g+0.41sin0 (=2 +0.241) M1 | Note siné = 0.6 and cosf = 0.8 (8 = 36.87°)
F=052+024n=1+0.12 Resolve vertically and use = uR
04tcosd=1+0.12¢ M1 | Resolve horizontally
=5 Al

3

6(i1) 02dvidr =04t =08 - (1 +0.120) M1 | Use Newton's Second Law horizontally

dv/di = =5 AG Al
2

6(1ii) [dv = J(;fs)d; M1 | Attempt to integrate the equation from part(ii)
v=F/2-5t+¢
v=0whent=35hencec=1235 Al | Finds the constant of integration, ¢
v=8/2-5x8+125=45 Al | Find v whent=§
a=-05x02g/02=-5ms ands=45"/(2x5) M1 | Finds @ and uses v* = u? + 2as
§=2025m Al

5
Q2.
3(1) 0 4dv —08 . M1 | Use Newton’s Second Law
Ay T U8 2e horizontally
dv Al | AG
— =2t- 5¢"'
dt
2
3(ii) [dv=1(2t-5¢")dt M1 | Attempt to mlegratc.the
s . equation from part (i)
v=t +5e (+c)
t=landv=8s0c=25.16 M1 | Attempt to find the constant
of integration, ¢
v=£'+5¢" +5.16 orv=1>+5¢ " +7—"5¢" Al
3
3(iii) Evaluates v for t =0 M1
/=102 ms™' Al
2
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Q3.
7(i) 02dv/dt=02g+ 0.6t —ke™ M1 | Use Newton's Second Law downwards
dv/dt=10+3t—Ske™ AG Al
Total: 2
T(ii) dv/dt=10-=5ke" =0 M1 | Recognise that dv/dt =0 when t=0
M1 | Attempts to solve the equation
7(ii) k=2 Al
Total: 3
T(iii) Jdv = J(10+3t-Ske " )dt M1 | Attempts to integrate the equation from part 1 with k not replaced
[v=10t+3¢ 2+5¢" +¢,v=0,t=0s0¢c=-5]
v=10t+322+ 5 -5 Al
Jdx = J(10t+3£2/2+ 5" —5)dt M1 | Attempts to integrate again. Allow their k or just k not replaced
x=50 +£2-5¢" ~St+e
x=0,1t=0,s0¢= 35 and substitutes t = 2
x=5x2+22-5¢" -5x2+5 M1
Height =183 m Al
Total: 5
Q4.
4(i) T=16(1.6—0.8—x)/0.8 (=16 —20x) Bl | Use T = Ax/L
0.5vdv/dx = 16(1.6 — 0.8 — x)/0.8 — 48> M1 | Use Newton's Second Law horizontally
vdv/dx =32 — 40x — 48x AG Al
3
4(ii) 48 +40x—32=0 M1 | Put acceleration = 0 for maximum velocity
x=05 Al
Tvdv = [ (32 — 40x — 48%)dx M1 | Attempt to integrate the equation from part (i)
(V42 = 32x — 40x%/2 — 48x*/3 + ¢)
4.5%2=320.5-20 %0.5" — 16x0.5" + ¢, ¢ = 1.125 M1 | Substitute x=0.5,v=4.5to find ¢
v=135 Al | Usex=0
5
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Q5.
(i) 0.2mg=0.06 = 8 M1 | Resolve along the plane
m=024kg AG Al
2
T(ii) mY = 0.06t — 0 2me or 024 = 0.06t— 0.2 * 0.24 M1 | Use N2L along the plane
o STy T =R
dv _ oo Al
—=025t-2 AG
de
[dv = _1'{(]_25; ~2)dr M1 | Attempt to integrate
v=02517/2-2t+c,Putv=0andt=4 (leadstoc=6) M1 | Attempt to find ¢
Initial velocity =6 ms™' Al
5
33 ) 2 2 y 2 2 Bl | AG
0 l].251‘d—‘ =—kvx "> 1-'d—‘ =—dkv x !
dx x
1
3(ii dv 5 M1 | Attempt to integrate
(i) =tk [x ptiomics
v
4k Al
Inv=—;(+c)
X
x=0.8,v=3hence c=In3 -5k Al | Finds ¢
He M1
Inv=—+In3-5k
X
(4 ﬂ“ Al
p=3x
5
Q7.
6(1) E].Ergz [].[]‘N’; _03 M1 | Use Newton’s Second Law horizontally
dx
y Al | AG
v 0450715 !
dx
2
6(ii) 1 M1 | Equate acceleration to zero
0=045x =15
100 Al
x=—
9

Visit waltermaths.com for more learning resources


https://waltermaths.com/

Linear Motion Under a Variable Force 1 MS

6(iii) L M1 | Attempt to integrate
[vdv=[(0.45x* ~1.5)dx
3 ; Al
Y05 Sa(ae)=03x2 — 1 5x(+¢)
2 3
2
(100 3 100 i
0.3'—J 15| —|+¢c=0
Lo L9 )
50 Al
e=
v 50 10 Al
=0, —>—s0ov>—
9
5
Q8.
S5(a dv M1
@ Y = ke
Ju-—v
—]n(3u—v]=1’(l+d Ml
t=0,v=u: d=-In2u
v=2u: r:ilnE Al
k
3
5(b ) v B1
©) vk (= 29 kdr
dx 3u-v
(—(3117\.']-1—311)(11: MI1A1
A —kdxso -v-3uln(3u-v)=kxt+c
3u-v
x=0v=u: c=—u-3uln2u M1
Al
]‘=2!l:x=£(3lﬂ271) ‘
k
5
Q9.
T(a) dv 100 200 M1 Al | Correct equation and attempt to integrate
Yoo 2 2 Correct
vi 500 200
—=———
2 x X
x=1v==10: A4=200 M1 | Use initial condition
, 100(2x -1y’ M1 | Rearrange to find +*
V= ——
2
1[)(2;4) , Al | Convincingly shown (no mention of £ scores AQ)
v=+————= and take negative sign to meet initial condition,
X
AG
10(1-2x) ’
S0 v=
X
5
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T(b) xdy 10dr M1 Al | Rearrange and attempt to integrate
1-2x
11
=| =——=—=1]dx=10d¢
2\1-2x
——Infl-2q-Z=10:+B
1 M1 | Use initial condition
t=0x=1: B=——
2x—2=—40 - In(|1-2x)) so e =(2x-1)e™? Al | Convincingly shown, working required
AG
y - 1 B1 | CAO
For large values of t, x — 3
5
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