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1. (a)

v = 12
x+ 3

dv

dx
= − 12

(x+ 3)2

a = v
dv

dx

= − 144
(x+ 3)3

F = ma

= 0.5
(
− 144

(x+ 3)3

)

= − 72
(x+ 3)3

F (x = 3) = − 72
(3 + 3)3

= −1
3

∴ |F | = 1
3 N

(b)

dx

dt
= 12
x+ 3∫

(x+ 3) dx = 12
∫
dt

1
2x

2 + 3x = 12t+ C
1
2(4)2 + 3(4) = 12(2) + C

∴ C = −4
∴ 1

2x
2 + 3x = 12t− 4

1
2(10)2 + 3(10) = 12t− 4

12t = 84
∴ t = 7 s
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2.

x =
∫ b
a xy dx∫ b
a y dx

=
∫ 9

0 x(6− 2
3x) dx∫ 9

0 (6− 2
3x) dx

=
∫ 9

0 (6x− 2
3x

2) dx∫ 9
0 (6− 2

3x) dx

=

(
3x2 − 2

9x
3
)∣∣∣9

0(
6x− 1

3x
2
)∣∣∣9

0

= 3(9)2 − 2(9)2

6(9)− 1
3(9)

= 3 cm

3. k = λ
`

= 14.7
1.5 = 9.8 N m−1

(a)

v2 = u2 + 2as
= 0 + 2(9.8)(1.5)
= 29.4

Let e be the maximum extension of the string.
Energy balance:

Eki + Egp = Eep
1
2mv

2 +mg∆h = 1
2kx

2

1
2(0.6)(29.4 + (0.6)(9.8)e = 1

2(9.8)e2

8.82 + 5.88e = 4.9e2

4.9e2 − 5.88e− 8.82 = 0
⇒ e = 2.07 (−0.87 is extraneous)

⇒ OA = 2.07 + 1.5 = 3.57 m

(b) Force balance:

T −W = ma

kx−mg = ma

(9.8)(2.07)− (0.6)(9.8) = 0.6a
∴ a = 24.0 m s−2
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4. Define left to be the positive x direction.

(a)

x =
∑
xm∑
m

=
1
4kh

1
3πr

2kh− 1
42h1

3πr
22h

1
3πr

2(kh+ 2h)

=
1
4k

2h2 − h2

kh+ 2h

=
1
4h(k2 − 4)
k + 2

= 1
4h(k − 2), QED

(b)

tan θ =
1
4h(k − 2)

r

=
1
4h(6− 2)

3h
= 1

3
∴ θ = 18.4◦

5. (a) Vertical force balance:

TA cos 30◦ − TB cos 30◦ −W = 0
√

3
2 (TA − TB)−mg = 0

TA − TB = 2
√

3
3 mg . . . 1©

Horizontal force balance:

[r = 1
2 l tan 30◦ =

√
3

6 l]
TA cos 60◦ + TB cos 60◦ = mrω2

1
2(TA + TB) = m

√
3

6 lω
2

TA + TB =
√

3
3 mlω

2 . . . 2©

Solving:

1© + 2© : 2TA = 2
√

3
3 mg +

√
3

3 mlω
2

TA =
√

3
6 m(2g + lω2), QED

2©− 1© : 2TB =
√

3
3 mlω

2 − 2
√

3
3 mg

TB =
√

3
6 m(lω2 − 2g)
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(b)

TB > 0
∴ 0 <

√
3

6 m(lω2 − 2g)
0 < lω2 − 2g

2g < lω2

ω2 >
2g
l

ω >

√
2g
l

2π
T
>

√
2g
l

T

2π <

√
l

2g

T < π

√
4l
2g

< π

√
2l
g
, QED

6. (a) Energy balance:

Eki = Ekf + Egp
1
2mv

2
i = 1

2mv
2
f +mg∆h

7gl
2 = v2

f + 2gl

v2
f = 3gl

2

⇒ vf =
√

3gl
2

(b) Energy balance at top (r = radius of second circle):

Eki = Ekf + Egp
1
2mv

2
i = 1

2mv
2
f +mg∆h

v2
f = v2

i − 2g∆h

= 3gl
2 − 2gr

Force balance at top:

T +W = mv2

r

T + 2mg = 2m
r

(
3gl
2 − 2gr

)

T = 3mgl
r
− 6mg
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0 6
3mgl
r
− 6mg

3mgl
r

> 6mg
l

r
> 2

∴ r 6 1
2 l

⇒ AB > 1
2 l (∵ AB = l − r), QED

7. k = λ
`

= 15
1.2 = 12.5 N m−1

(a)
T = −kx

ma = −kx

a = − k
m
x ⇒ SHM

⇒ ω2 = k

m

= 12.5
0.5

= 25
∴ ω = 5

⇒ T = 2π
5 s

(b)
vmax = ωA

= (5)(0.8)
= 4 m s−1

(c)
x = 0.8 cos 5t

−0.6 = 0.8 cos 5t
cos 5t = −3

4
t = 0.484 s

(d)

T = −kx
ma = −kx

a = − k
m
x ⇒ SHM

(e) Momentum balance:

mvi = mvf

(0.5)(4) = 0.8vf
vf = 2.5 m s−1

∴ ω2 = 12.5
0.8 = 15.625

⇒ ω = 3.95
vmax = ωA

2.5 = 3.95A
⇒ A = 0.632 m
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