PHY180H1F
Solutions to problem set #5, due October 28, 2004

#1 (7.56)
a) The initial energies stored in spring 1 and 2 are:
1
Ey= Eklxilz
1
E., = Ekzxiz2

If we apply a force such that spring 1 is further stretched to the right by x, its total energy
will increase by the work done. The energy of spring is now:

E, = %kl(xil + X, )2

:%kl(xil2 42X X +xa2)

a1l
1 1
= Eklxil2 +§kl(2xaxi1 + xaz)
=E, +W,

Therefore:

a1l

W, =%k1(2x X +xa2)

b) Since in a) spring 1 is further stretched by xa, spring 2 must be compressed by xa,
therefore the total work done on spring 2 will decrease the energy initially stored by
spring 2, that is:

1
Ez = Ekz(xiz — X )2

:%kz(xiz2 —2X. X, + xaz)

a2

:%kzxiz2 +%k2(—2x X, +xa2)

a’ti2

= EiZ +W2
Therefore:

W, = %kz(xa2 - 2xaxi2)

c) Initially the given system of springs is in equilibrium and therefore the forces exerted
by the springs must be in balance, that is:

> F=0



Eklxil :Ekzxiz
K,

X, =——X

i2 k2 il

d) The total work done by the force applied is:
W, =W, +W,
a”ti2

:%kl(xa2 + 2Xaxil)+%k2(xa2 = 2X, X; )

= %(kl +k, )Xa2 + (klxil — Ky X, )Xa

Using result from part c) we get:

WT = %(kl + kz )Xaz

#2 (7.58)

a) Thenew length of each spring is Vx*+ L% so
its extension is ¥x* + [~ L and the foree it

exerts is k (Va2? + [? =L) toward its fxed end.
The y compaonents of the two spring forces add
to zero. Their x components add to

Fm-2ik (Ve + L? =L)x/zt + L2
F |2k (1- L/ £ 1)

b w=[Fux
W [ -2k (1 - LN+ [dx
W=k [)xdx ekl ] (2 L2 20 dx

¢ 2 4 Liy1i2
s EEELL
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W o) kAT &+ el? = 2L AR + [2

W= Eml + ka? -2kl AT + if.1|




#3 (7.60)
a) To express the given vectors F; and F in unit vector notation in Cartesian coordinates,
we obtain the individual x and y vector components and sum them together:

F, =25.0(c0s35.0°F +5in35.0° j )= (20.57 +14.3]) N
F, = 42.0(c0s150.0° +sin150.0° ] )= (- 36.47 + 21.0]) N

b) The total force on the object is:
F, =F +F,

— (2057 +14.3])+ (- 36.41 + 21.0])
F, =(-15.97 +35.3j) N

c) Using Newton’s 2" law, the acceleration is:

a= %T = ﬁ(—ls.ghsssj)

—(-3.187+7.07]) mys
d) We use a kinematics equation to obtain the velocity of the object at t = 3.00 seconds
v, =V, +at
= (4.007 +2.50] )+ (- 3.18 + 7.07)3.00)
v, =(-554i+23.7]) m/s
e) The objects location (displacement) at t = 3.00 seconds is also given by a kinematics
equation

1
r.=r +vt+=>at?

Ar = (4.007 + 2.50]X3.00)+%(—3.18f+ 7.07)3.00)?

Ar =(-2.30f +39.3]) m

f) The final kinetic energy at t = 3.00 seconds of the object is:

K, :%mv2 :%m(vf v,)

- %(5.00)(5.542 +23.7°)

K, =148 kJ

g) The final kinetic energy using



K, =%mvi2+ZF-Ar

- %(5.00)(4.002 +250%)+(~15.97 +35.3])- (- 2.307 +39.3])

=2.50(16.0+ 6.25)+ (15.9 (2.30) + 35.3(39.3))
=148 kJ

#4 (7.68)
a) The power available is
P= % Dprxr®v?

_ %(1.20)”(1.50)2 (8.00)°

=2171 /s
P =217 kW
b) Similarly,
P= % Dozr®v?

_ %(1.20)”(1.50)2 (24.0)°

=58629 J/s
P =58.6 kW



