Mechanics — PHY 1505
Assignment 02 Semester 1 2018
Solutions

9.46. Model: This is a two-part problem. First, we have an explosion that creates two particles. The momentum of the
system, comprised of two fragments, is conserved in the explosion. Second, we will use kinematic equations and the model of
kinetic friction to find the displacement of the lighter fragment.
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Solve: The initial momentum is zero. Using momentum conservation Pg = Pix during the explosion,
my (v )u +my (V)L =myg(Vo,dm +mp (Vo). = 7m(vy )y +m(vy, )y =0kgm/s = (v, )y =- (%)(le)L
Because My slides to X,y =-8.2 m before stopping, we have
f =ty =wewy =wmyg =myay = ay =g

Using kinematics,

Vah =000% +2ay 0 - ) = 0m%s® =(2)* (1,02 +214,9(- 82 m- 0 m)

(i, =-88.74,/wy m/s
How far does my, slide? Using the information obtained above in the following kinematic equation,

(V2)f =T +2a0 00 - ) = 0m?/s® =1 (B8.74)° - 2 g%y, = Xy, =40X10° m

Assess: Note that ay is positive, but ap, is negative, and both are equal in magnitude to tg. Also, X,y is negative but Xy,
is positive. [15]



10.41. Model: Model the block as a particle and the springs as ideal springs obeying Hooke’s law. There is no friction, hence
the mechanical energy K +Uj is conserved.
Visualize:
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The springs in both cases have the same compression Ax. We put the origin of the coordinate system at the equilibrium
position of the free end of the spring for the single-spring case (a), and at the free end of the two connected springs for the
two-spring case (b).

Solve: The conservation of energy for the single-spring case:

1 1 1 1
Ki +Ug =K; +Ug = —mvf +=k(x; - X,)? ==mv} + =k(x, - x,)*
2 2 2 2
Using X =X, =0 m, v; =0 m/s, and vy =v;, this equation simplifies to
1 - 1 2
—mvy =—k(Ax
;Mo =7 (Ax)
Conservation of energy in the case of the two springs in series, where each spring compresses by Ax/2, is
1 1 1 1
K; +Ug =K, +Ug = Emvf2 +0= mv? + Ek(Ax/2)2 + Ek(Ax/2)2
Using X =X, =0m and v; =0 m/s, we get
1

11
—mV? ==| =k(Ax)?
5 MVt 2[2( )}

Comparing the two results we see that V; :vo/\/i.
Assess: The block pushes on the spring until the spring has returned to its equilibrium length. [15]

11.42. Model: Model the elevator as a particle.

Visualize:
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Solve: (a) The work done by gravity on the elevator is

W, =- AU, =mgy, - mgy; =-mg(y; - y,) =- (1000 kg)(9.8 m/s*)(10 m) =-9.810* J
(b) The work done by the tension in the cable on the elevator is

Wr =T(Ay)cos(0°) =T(y; - yp) =T (10 m)

To find T we write Newton’s second law for the elevator:

ZFy =T- F; =ma, = T =F;+ma, =m(g +ay) =(1000 kg)(9.8 m/s? +1.0 rn/sZ)

=1.08x10* N = W; =(1.08x10* N)(10 m) =1.1x10° J

(c) The work—kinetic-energy theorem is

Woer =W, +Wp =AK =K - K; =K; - 1mv§ = K; =W, +Wp +1myg

net
K¢ =(-9.8x10* J) +(1.08X10° 1) +1(1000 kg)(0 m/s)* =1.0 10" J
(d) Ky =2mvi = 1.0>10* 7 =1(1000 kg)vi = v; =4.5 /s [15]

12.57. Model: The plate has uniform density.
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Solve: The moment of inertia is
I= frzdm.
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Let the mass of the plate be M. Its area is 2. A region of area dA located at (x, y) has mass dm :XdA:FdXdy' The
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13.39. Model: The projectile is a particle. The earth and moon are spherical masses.
Solve: The projectile is attracted to both the moon and earth. Its final velocity and potential energy are zero. Since the
projectile is fired from the far side of the moon, its initial distance from the center of the earth is the earth-moon distance

Ry 1 plus the radius of the moon Rp,. Let the projectile have mass m. The conservation of mechanical energy equation is

lmvezscae' G Mem - GMmm =0J+0]J
2 P (Rem + Rm) Ry,
M M
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From Table 132, R, =3.84x10® m,R, =1.74x10° m, M, =5.98x10** kg, and M, =7.36 x10°* kg, which gives
Vescape =2.78 km/s.

escape

Assess: The escape velocity does not depend on the mass of the object which is trying to escape. [10]

14.74. Model: The two springs obey Hooke’s law. Assume massless springs.
Visualize: Each spring is shown separately. Note that Ax =Ax; + Ax,.
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Solve: Only spring 2 touches the mass, so the net force on the mass is F, =F, oy - Newton’s third law tells us that

Fyonm =Fnon2 and that F, op1 =F 2. From Fye =ma, the net force on a massless spring is zero. Thus Fy on1

=F, on1 =kiAxy and F,; on 2 =F on 2 =koAXy. Combining these pieces of information,
F,, =kAx; =k,Ax,

The net displacement of the mass is Ax =Ax; + Ax,, so

Ax =Ax; +Ax, :%+1;—m: ki ki E, :kﬁth
1 2 1 2 172

Turning this around, the net force on the mass is

Fm :ﬂAX :keff Ax where keff = klkZ
k +k, k +k,

ket » the proportionality constant between the force on the mass and the mass’s displacement, is the effective spring constant.
Thus the mass’s angular frequency of oscillation is

1 kik,

mk; +k,

Using @ =k/m and w3 =k,/m for the angular frequencies of either spring acting alone on m, we have

(k/m)(kyim) | ofw]
(ky/m) + (ky/m)  \ ? + w2

Since the actual frequency fis simply a multiple of @; this same relationship holds for f:
f — f 12 f 22
\ 2+ f5 [15]

15.64. Model: The ideal fluid (i.e., air) obeys Bernoulli’s equation.
Visualize: Please refer to Figure P15.64. There is a streamline connecting points 1 and 2. The air speeds at points 1 and 2 are

v; and V,, and the cross-sectional areas of the pipes at these points are 4 and 4. Points 1 and 2 are at the same height, so
Y1 =Y.
Solve: (a) The height of the mercury is 10 cm. So, the pressure at point 2 is larger than at point 1 by

Prgd(0.10 m) =(13,600 kg/m*)(9.8 m/s*)(0.10 m) =13328 Pa = p, =p; +13,328 Pa

Using Bernoulli’s equation,
2 2 2_ .2

151 +%pairv1 + Pair9Y1 = D2 +%pairv2 *PairdY2 T P2 Py :%pair(vl - VZ)

2.2 _2py- p) _2(13328 Pa)

vi-v3 — =20,825m?/s*
Pair  (1.28kg/m?)




From the continuity equation, we can obtain another equation connecting v; and Vs:
_Ay - _7(0.0050 m)?

v, =Av, = v
AN =AY "TA T 2(0.0010 m)?

vy =25v,
Substituting v; =25v, in the Bernoulli equation, we get

(25v,)? - v3 =20,825m%/s> = v, =5.78 m/s
Thus v, =5.8 m/s and v; =25v, =1.4x10? mys.

(b) The volume flow rate A,v, =2(0.0050 m)?(5.78 m/s) =4.5 10> m?s.

[10]



