Linear Motion Under a Variable Force 2 MS

Q1.
5 (i) 0.4vdv/dx=0.4gsin30 - 0.6x Bl Newton’s Second Law, — sign
essential
Ivd‘u = J[S — 1.5x)dx M1 Accept uncancelled integration
V2 =5x—1.5x°/2 (+ ¢) Al Accept omission of ¢
0.4gsin30 —0.6x=0 Ml Maximum speed when
acceleration =0
x=31 Al Accept 103
ViI2=5x10/3 - 1.5 x (10/3)"/2 M1
v=4.08ms" Al (7]
""" @ 0=Sc-1s%2 | Ml |Usesv—Osppropriaely
Y= 6% =6.67 Al [2] | Not 20/3 9]
Q2.
4 (i) 0.25dv/dr=-3¢ M1 Newton’s Second Law, — sign essential
v=—I1272 (+¢) Al Accept uncancelled form
0=12x372+c M1 Appropriate use of v=0, =3
Initial speed = 54 ms™' Al [4] | Goes beyond ¢ = 54
""" @) We=ks4—6Ad Ml | Scomatesvariables, integratesv
x=[54t— 6f.f3]§ Al " candidates value [v in (i)]
x=108m Al 3] [7]
Qs.
3 (i) 0.2vdv/dx=-04x M1 Newton's Second Law, — sign essential
V2 =-2x*2 (+¢) Al Accept uncancelled form
0=-2x25"2+c >c=625 M1
KE=02x625=125] Al [4] | v=3.54ms™
""" () 22-—202+625 | Ml |v=2inaccuaicintcgral atemptat |
limits or finding arbitrary constant e.g.
in (1)
x=2.06 Al [2] (6]
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Q4.
3 (i) 02dv/dr=0.2g-08v M1 Use Newton’s Second Law, — sign
essential
a=(dv/df=)10 —4v AG |A1  [2]
(ii) j 1/(10 —4v) dv = I dr M1 Separates variables and attempts to
integrate
1 - :
Lin (10 -4v) =1 (+c) Al
[c=Z'In10] M1 Attempts to find the constant or uses the
' correct limits
T‘ln(10—4v)=u.6—% In4 Al
y=227 Al [5]
Q5.

6 (i) 0.4dv/df = T-0.4g % 0.5-0.9v Bl Not awarded for N2L round corner
0.2dv/d= 0.2g-T—-0.9v Bl Not awarded for N2L round corner
0.6dv/d=0.2g-0.4g x 0.5-1.8v M1 Awarded for N2L round corner
dv/dt=—3v AG Al [4]
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(ii) ! dviv = j _3d¢ M1 Separates variables, integrates
Inv=-3¢(+¢) Al Accurare integrals
c=In5 Bl Or [Inv]>” =[-3t], implied
t=0.231 Al (In2)/3
! dy = ! e ds M1 Attempts integration of v(t)
x=—[e“¥] t:-l‘-l /3 Al Correct integral and limits
x=0833m Al [71 | 5/6m
OR
vdv/dx =-3v, dv/dx=-3 M1 Attempts integration
J'dv = j'— 3ddx
[v] 53-5 =[-3x], Al Correct integral and limits
x=0.833m Al Accept 5/6m
Q6.
4 (i) a=10-045v AG Bl [1] | 0.2a=0.2g— 0.09v or similar
should be seen
(ii) I 1/(10-0.45v)dv = j dt M1 An attempt at integration needed
—In{10 — 0.45v)/0.45 =t (+c) Al
t=0,v=4,c=—4.67(58.) DM Attempts to find ¢ or uses correct
limits
—In(10 - 0.45v)/0.45=1.5-4.676 M1 Uses t = 1.5 and evaluated c
v=1290r 13.0 Al [5] [6]
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Q7.

7 () |0sa=0.16e" M1 N2L, single force

a=032e" Al

J' vdy = J' 032" dx M1 Forms integral from vdv/dx=a
vi/2=032e" (+¢) Al Award if ¢ omitted
x=0,v=0.8 hence ¢ =0, M1 Trying to find the value of ¢
sov =0.64¢"
v=08e"" AG | Al | [6]

OR dvide = 0.8¢ "2 xdx/dt MI Uses chain rule on given answer
dvidi = 0.de*'? v Al Maybe implied by later work
x=0,v=0.8e" M1 Finding speed where x=0
x=0,v=08 Al
0.5dv/de = (0.2e'*)(0.8¢*'?) Ml Expresses “ma” in terms of x
0.5acc” =0.16e " Al

(ii) I e dx= I 0.8d¢ MI Forms integral from dx/ds = 0.8¢*'*
e 'r':z_-"'(—l.-'lz) =0.8¢ (""C) Al Award if ¢ omitted
x=0,¢=0, hence c =-2 and Ml Finding ¢ and using x= 1.4 or
14/2 /2 14—
—2e =0.8-2 [e ™2 /(=1/2)];* =0.8¢
t=126s Al [4] | 1.2585.. [10]

Visit waltermaths.com for more learning resources



https://waltermaths.com/

Linear Motion Under a Variable Force 2 MS

Q8.
3 (i) 0.8vdv/dr=4e ™ —2.4x’ Ml N2L, terms different signs
vdv/dx = Se ™ - 3x” AG Al (2]
(i) j vdy = I (5e ™ —3x7)dx M1 Attempts integration
vi/2=-5e " —3x°/3 (+c) Al Accept ¢ omitted
x=0,v=6, hencec=23 B1 Or uses limits 0 and 2
vi/2=_5"2_3x2%/3+23 M1 Puts x =2 in v(x) expression
v=535ms"" Al [5] | v=5.352.. 71
Qo.
3 () |02a=042 M1 Newton's Second Law and v=u + at
v=(2.1x1)=2.1 Al (2]
(ii) | 0.2dv/dr=0.42-0.32¢ M1 Newton's Second Law with a =dv/dr
[v] ;_,:[2,11—0.36},3 MI
v=18 Al 3]
i) | v=[(0.42 032 + 0.06t* )ar/02 M1
v= [0.42.“ —0.161% + 0.02-“3] /02 or | MI For attempt to integrate and correct limits
seen
[]r = [0_42.f —1.16% +0.02¢° ] 302
v=1.8, so no change Al [3]
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