Further Mechanics 2 SolutionBank

Kinematics 4C

dv
= E =e
Separating the variables and integrating
[erdv=[1dr
e’ =t+C
Whent=0,v=0

1=0+C=C=1

Soe"=t+1=v=In(t+1)

-V

1 a a

b When =10, v=In(10+1)=1Inl11

_ b
dt
Separating the variables and integrating

j%dv=—j8dt

2 a —&v

Inv=-8t+C

When v =18, ¢ :%(C—lnIS)

1
Whenv=6,t2=§(C—ln6)
Required time is 7, — ¢,
[ —t —1(0—1n6)—1(C—1n18)—1(1n18—1n6)—11n[§j—11n3—0 1375 (3 s.f)
2 h T 8 8 8 L6/ 8 ' N
dv
3 a a=—=-(3+0.6v
py ( )

Separating the variables and integrating

dv=—j1dt

-[3+0.6v
1

—In(3+0.6v)=—t+C

0.6

Whent=0, v=12

Lln10.2 =0+C=> C=Lln10.2
0.6 0.6

So——In(3+0.6v) = — +——In10.2
0.6 0.6

Whenv=0
i1n3 = —t+iln10.2
0.6 0.6
= i(lnlO.Z ~In3)= Lln{w} = iln3.4 =2.04s (3s.f.)
0.6 0.6 3 0.6
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3 b

a= vﬂ =—(3+0.6v)
dx

Separating the variables

I v dv=—jldx

3+0.6v
To integrate, rearrange the expression in v
\ Sv 5 25

340.6v 15+3v 3 15+3y
So integrating gives
5—v—gln(15+3v)=—x+D
3 3

At x =0 (point 4), v=12 so
D=20—§ln51

When v =0 (point B)

—%ln15=—x+20—%ln51

2 1 2
x= 20——51n{5—) =20-En34-980m (3 s£)
3 \15 3

Separating the variables and integrating

jg_lzvdv=j1dt

—%ln(g—2v)=t+C
Whent=0,v=0

1 1
——Ing=0+C=C=—-=In
28 28

1 1
So ——In(g—-2v)=t——In
> (g-2v) 5 Ing

=In(g—-2v)-Ing=-2¢
-2
:>g V:efzz
g
=2v=g-ge ' =g(l-¢*)
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dx dx
4 b v=—,sofromparta 2—=g(1—-¢*
& p a8 )
Separating the variables and integrating
[2dr=[g-e™)dr
2x = gt+§e*2’ +D
Whent=0, x=0

0=0+2+p=>p=-&
2 2

Sox=Lr18e7_E
214" Ty
When ¢ =2

g 4+ 8 8 4
=g+=e —===3+e
x=grye == 0

5 a a=ﬂ=3—0.25v
dr

Separating the variables and integrating
1
[——dv=1dr

3-0.25v
—4In(3-0.25v)=¢t+C
Whent=0, v=0

—4In3=0+C =C=-4In3
So —4In(3-0.25v)=t—4In3

= m[%) — 025t

37025 o
3
—y=12-12¢"% =12(1-e ")

12
This is equivalent to the textbook solution v =12 -—

e4

b Ast—oo, e >0, sov=12(1-¢**")—> 12, therefore v_ =12ms™
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6 a= v@ =0.6v"
dx
Separating the variables and integrating

1
I—dv = Il dx
0.6v
1
—lnv=x+C
0.6

Atx=0,v=14

L1n14= 0+C=C =Lln14
0.6 0.6

So when v =28
L1n28 x+ilnl4
0.6 0.6

:>x——(ln28 lnl4)——l [fi] im2_116m(3sf)

dv
7 a=v—=—(k+V’
a=v (k+v7)

Separating the variables and integrating
v
dv=—|1dx
I (k+v*) I

%ln(k+v2)=—x+C

Atx=0,v=u
%ln(k+u2):0+C:>C:%1n(k+u2)

So whenv=0

llnk:—x+lln(k+u2)
2 2

:—ln(k+u )——lnk—21 (’”” .
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&
dt
Separating the variables and integrating

j ! dv=—j1dt

2 2
a +v

8 a a =—(a’+Vv%)

1 v
—arctan—=—t+C

a a
Whent=0,v=U

1 U
C =—arctan—
a a

1
Whent=T, v=5U

1 1
— arctani =-T+— arctang
a 2a a a

=>T= 1 [arctang —arctan EJ as required.
a a 2a

dv S
b a=v—=—(a"+v
dx ( )
Separating the variables and integrating

v
Imdv=—jl dx

%ln(a2+v2)=—x+D
Whenv=U,x=0

%ln(a2+U2)=0+D:>D=%1n(a2 +U?)

1
So when v=5U

2)

lln a2+g =—x+lln(a2+U2)
2 4 2

-
[

( ( 2\\ 2 2 ( 2 2\
—x= @+ U -In| @+ ||t EE | L MU
2 4 )) 27, | 2 L4ad+U

a +Z
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dv 1600 -
9 a=—=—-—"
dr 64v
Separating the variables and integrating
4
| Oy - [1ar
1600 —v

-32In(1600-v*)=¢t+C
t=C—32In(1600—v*)

So T =C-32In(1600-20*)—(C - 32In(1600—10%)) = 32(In1500 — In1200) = 32ln% = 321n%
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