
Solutions
2.1 v dv

dx
= 6x: 1

2
v2 = 3x2 + C; at x = 1, v = 2 gives C = −1: v2 = 6x2 − 2.

2.2 T = 24×0.3
1.2

= 6 N; energy = 24×0.32

2×1.2
= 0.9 J.

2.3 Equilibrium: mg = T = λe
L

, so e = mgL
λ

✓.

3.1 (a) v dv
dx

= 4x− 2: 1
2
v2 = 2x2 − 2x+C; at (x, v) = (0, 1), C = 1

2
: v2 = 4x2 − 4x+1 =

(2x − 1)2. Since x < 1
2

and v is positive, v = 1 − 2x. (b) From (a), a = dv
dt

= −2v
(differentiate 1 − 2x):

∫
dv
v

= −2
∫
dt gives ln v = −2t + C; v(1) = 1 gives C = 2, so

v = e2−2t. (Or separate dx
1−2x

= dt: x = 1
2
(1− e2−2t), then differentiate.)

3.2 (a) Each half of the string has natural length 3a
2

. At C the half-length is 2a (extension
a
2
); at D it is

√
(2a)2 + (3

2
a)2 = 5a

2
(extension a). Energy per half: mg

2· 3a
2

(
a2 − a2

4

)
=

mg
3a

· 3a2
4

= mga
4

; both halves: 1
2
mga✓. (b) Loss of GPE mg · 3a

2
; gain of KE 1

2
mV 2− 1

2
m· 3ag

2
;

gain of elastic energy 1
2
mga; work against resistance 1

5
mg · 3a

2
. So 3

2
mga = 1

2
mV 2− 3

4
mga+

1
2
mga+ 3

10
mga, i.e. 1

2
V 2 = 29

20
ag: V =

√
29
10
ag.

Local review guidance: the v dv/dx substitution before integrating in x; half-strings
treated with their own natural lengths; work-energy with every store present and signs
stated. This is authored classroom guidance.
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