Further Mechanics 2

SolutionBank

Dynamics 5A

1 —— ]

0 xm P 2 cost N

a F=ma
2cost=0.2a
dv

0.2— =2cost <
dt

. . . dv
Force is a function of time so use a = d—.
t

v:ijcostdt
0.2

A

v=10sint+c

Integrate to obtain an expression for v.

A

t=0v=0
0=0+c..c=0
v =10sint

t=2 v=10sin2=9.092...
When t =2 the speed of P is 9.09 ms?*(3s.f.)

b t=3 v=10sin3=1.411...
When t =3 the speed of P is 1.41 ms* (3 s.f.)

Don’t forget the constant.

P comes to rest when v = 0.

C v=0 0=10sint <=
sint=0
t=0,m,...

Exact answers are best.

P first comestorestwhen t=7n. <

d v=10sint
%zlosint

x:lofsintdt

&

<«

x=-10cost+ K

t=0,x=0 0=-10+K .. K=10
x=-10cost+10

t=2 x=-10cost+10=14.16...
Whent=2 OP =14.2m(3s.f.)

e t=n x=-10cosm +10
=10+10=20

When P comes to rest OP =20 m.

Integrate to obtain an expression for x.

© Pearson Education Ltd 2018. Copying permitted for purchasing institution only. This material is not copyright free. 1



Further Mechanics 2 SolutionBank

2 a F =ma
6000(2) =1200a
(t+5)
50
a= 3
(t+5)
d_V_ 50 . . . dv
dt (t+5)2 < Force is a function of time so use aza.
V:I 50 dt | btai ion f
(t+ 5)2 < ntegrate to obtain an expression for v.
50
=———+C
(t+5)
t=0,v=0 O——@H:
5
c=10
v=—ﬂ+lo
t+5
ASt—)oo—ﬂ+
t+5
V=10
b v_—ﬂ+10
t+5
%:-5_04_10
dt t+5

x=-50In(t+5)+10t + K
t=0,x=0 0=-50In5+K
K =50In5
- X=-50In(t+5)+10t+50In5
t=4 x=-50In9+40+50In5

x=40+50|ng

x=10.61...
The van moves 10.6 m in the first 4 seconds (3 s.f.)

3 —>a
P08 ke
T >
O xm Ls-9N 7

a Maximum speed = acceleration zero = force is zero

.'%(15—x)=0 . x=15
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3 b F=ma
1(15— x)=0.8a
6
a= i(15 —X)
4.8 dv
dv 1 / Force is a function of x so use a =v—.
v—=-—(15-X) dx
dx 4.8
1 dl
deV = 4_8I(15 - X) dx < Separate the variables.
Ev2 =i(15x—£x2j+c
2 4.8 2
x=15,v=12 « a tells you the initial conditions.
L =i(15x15—3x152 e
2 4.8 2
NV D R ENE T
2 48 2
c =48.5625
1v2 _ 1 15x—1x2 +48.5625
2 4.8 2
t=0,x=0 v*=2x48.5625 < PisatOwhent=0.
v =9.855

When t =0 P’s speed is 9.86 m s (3 s.f.)

4 a 0.75vd—V:2e‘X+2
dx

dv 8 , 8
V—=—e 4=
dx 3 3

Separating the variables and integrating:

jvdv = I(%ex +%)dx+c

vv 8 ., 8
—=——e"4+—+C
2 3
At x=0,v=5
5 8 , 8x0
—=——€& +——+C
2 3

91
c=—

6
vV 8 , 8 91
—=——e+—+—=
2 3 3 6
At x=3
2
V_=_§e_3+8+%
2 6
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—=v=8.23ms?

7
¢ Work done = j Fdx

j(ze +2) dx
3
=[-2e™ + ZXJZ
=—2¢7 +14—(-2¢° +6)

=8.10J
5 F= mvd—v
dx
3 1dv
x+2 2 dx

Separating the variables and integrating:

—dx I —dv
o X+2 52
2

3In(x+2)=VI+c

2

t=0,v=15 .. 3In(2)=%+c

c=1.517...
Whenv =2

2
In(x+2)= f-;% —0.83898..

X — 08%8% _ o

x=0.314
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Att=0, v=10
10=32+c
c=-22

=£_22
t+1

sz((tlfn‘”)

b x=jvdt=f(%—22)dt

x=32In(t+1)-22t+c
Att=0, x=0,s0c=0
x=32In(t+1)-22t

\"

When t =5:
Xx=32In6-22x5
x=32In6-110
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7 F isdirected towards O, so

Fo__X .
(x+2)

dv k
mv— =— -
dx (x+2)

3 dv k
-V —=— 5
5 dx (x+2)

Separating the variables and integrating:

3v

10 (x+2)

At x=3, v? =25:

7.5=5+c

37.5=k+5¢ 1)
At x=8, v’ =3:

O.9=%+c

9=k +10c )

Solving equations (1) and (2) simultaneously gives:
5c=-28.5
So c=-5.7

Therefore k =66
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25gN
R(—») F=ma
—10v= 2.5ﬂ
dt
Separating the variables
1
4dt=—|=dv
Jaa=-[7
4t =A-Inv

When t=0,v=24

0=A-In24= A=1In24
Hence
4t =In24-Inv

tzlln(ﬁj
4 \;
When v=6

t= % In 4(z 0.347)

P takes %In 4s5(=0.347s,3d.p.) to slow from24 ms*to6ms™.
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9 vms!
| 04»N L, .
CI) X
0.8g N
R(—»>) F=ma
—0.4v°= 0.8vﬂ
dx

Separating the variables

Il dx = —ZI%dv

Xx=A-2Inv
At x=0,v=12
0=A-2In12= A=2In12
Hence
x=2|n12—2|nv=2|n[2)

v

When v=6
x=2In2

The distance P moves before its speed is halved is 2In2m =1.39m(3 s.f)
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10a

vms!
—_—
4+035vN P
Al

X m ’¢
0.5g N
R(—) F=ma

_(4+05v)= 052
dt

Separating the variables

jldt:- Y
8+v
t=A-In(8+v)

When t=0,v=12
0=A-In20= A=In20

Hence
t=|n20—|n(8+v)=|n(ﬂj

8+v
When v=0

t= In(ﬁj =In25
8

The time taken for P to move from Ato B isin 2.5s=0.916 s (3 d.p.).

R(—») F=ma

~(4+05v)= 0.5v%
dx

Separating the variables

jldx:— Ldv
8+v

v _8+v—8_1_ 8

8+v 8+v 8+v

x=A-v+8In(8+v)
Atx=0,v=12
0=A-12+8In20 = A=12-8In20
Hence x=12-v—(8IN20-8In(8+v))

=12—v—8|n(£]
8+v

When v=0
x=12-8In2.5

AB=(12-8In25)m=4.67m (3sf)
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11 R
v
—_—
mgh?
- 3
mg

R(T) R=mg
As friction is limiting

F =uR=pumg
R(—) F=ma
—F. —kmgv’ =ma

dv
—upg—kpigv® = Jm/V&

Separating the variables

Hence

1 L alk
X:%(m(mkuz)—ln(wkvz)): 2kg '”(Zikﬂzj
When v=0

2
‘o 1 In M+Ku
2kg u
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12a v
k(a* +) L
| -
b X
mg
R(—) F=ma

—k(a2 +v2) = mﬂ
dt
Separating the variables
m 1
jldt = —?Imdv

t=A—" arctan (Xj

ak a
When t=0,v=U
0=A- ﬂarctan (Hj = A= ﬂarctan (E)
ak a ak a
Hence

)
t =—arctan| — |- —arctan| —
ak a ak a

When t=T,v:%U

Ty

T= m arctan (Ej _m arctan 2
ak a ak a

T= m arctan (Bj —arctan (ij , asrequired
ak a 2a

b R(—») F=ma

2 2\ GV
—k(a +V )_mvdx

Separating the variables
m v
IldX = —?J.mdv
X = A—ﬂln(a2 +v?)
2k
When x=0,v=U

O:A—Z—T(In(a2+uz):> Azz—nllln(a2+u2)
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12 b continued

So x:z—n;ln(a2+uz)—%ln(a2+v2)

m, (a?+U?
=—1In 2 2
2k a‘+v

When V:B:
2
m a?+U?
X=—I >
2k ) (U
a’+| —
2
m a?+U?
=—In 5
2k , U
a’+—
4
_m, 4a* +4U°
2k 4a% +U?
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vms!
_>

10 000 N

13a

(4000 + 500v) N

2000g N

R(—) F=ma
10000 — (4000 + 500V) =2000a

6000 —500v = 2000 %

Dividing throughout by 500

12-v= 4d—V
dt
Separating the variables
[1dt=4] LEY
12-v

t=A-4In(12-v)

In(12-v)= B—l,whereleA
4 4

s

t t
B— - =
12-v=e *=e®e*=Ce 4 whereC =¢®

Hence

v:12—Ce_£
When t=0,v=0
0=12-C=C=12

Hence

t
v=12[1—e_4J

ot
b Ast—>w,e 4 —>0and v—>12

The terminal speed of the lorry is 12 m s,
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Separating the variables and integrating:

0 k T
- = [dt
Jsw]
k 0
—[—In|v+k|} =[t];
g '
_5|n|k|_[_5|n|k+u|J=T
g g

T =£In(k+UJ
g k

b _M_mgzmvy
k dx
g
k dx
gv+gk Vd_v
k dx

0 H
_J' kv dv =IdX
SoOv+ok o

H
_k ﬂzjdx
g v+k g

H =g[v—kln|v+k|];J

H =g[(u —KkIn(U +k))-(0-kInk)]

H =g[u —kIn(U +k)+kInk|

=gl
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15a F=ma
mvﬁ = mg —mgkv®
dx

v%: g(l—kvz)

Separating the variables and integrating:

vdv
jg(Tk\/z)—IdX+C
—iln|1—kv2|=x+c

2kg
At x=0,v=0.So c=0
—i|n|1—kv2|=x

2kg
Inj1—kv?| = ~2kgx
1—kV2 =e—2kgx
sz =:I__e—Zkgx

) 1_e—2kgx

Tk

1_e—2kgx
V=
\/ k
1
b As x—>w, v—>\/;,

so the terminal velocity
.1
is ,/— ms?

k

¢ This model has the particle rapidly approaching terminal velocity; within two metres of release the
exponential term is of the order 107,
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Challenge

b

a Work done = j(Sx2 - x%) dx

b —3pt gt 34
4 4
Hence the work done is independent of the initial velocity.

6

b Work done = I(3x2 - x%) dx
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