PHY2053 Summer 2012
Exam 2
Solutions

The free-body diagram for the block is

N
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(o]
37
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Using Newton’s second law for tikecomponents

D F,=ma,
F,+F,cos37 - f, =0
f, = F,+F,cos37 = (LON)+ 15 N)cos37' = 22 N

The work done by kinetic friction
W = f Arcosf = (22 N)(6 m)cosl80 = -130N
Mechanical energy is conserved

U, +K, =U, +K,
+1my’ = +1mv,’®
mgyl zmvl _myz zmvz
2 _ 2
Yy +3V =0y, T3V,

v, =V +20(Y; - ¥,) =4/ BMI9? + 2098 m/S)(60m—30m) = 24m/s

Mechanical energy is not conserved since thieslgps moving.

W, =AK +AU
=(Kf _Ki)+(Uf _Ui)
=(0-0)+(0-mgy,)
= -mgy, = —(45kg+15kg)(9.8 m/s’)(15m) = -8800J



Friction does the dissipative work

W, = f Arcosf

W, _ -8800J _ o0

f = = =
“ Arcosl80  (44m)(-1)

The force information gives the force constantthe spring

F =kx
~F_ 80N _oonm
x 0.20

Mechanical energy is conserved as the ball ex@gytin
U, +K, =U,+K,
Tk +3my” =dhog” +3my,”
Hog” +0=0+3my,’

v, = xl\/% = (020m) %’;’g =30mis

The work done by the engine increases the karé&ic energy.

W = AK
=K; -K
=4mv,*-4mv’
= 1(1000kg)(40 m/9)? — 1 (1000kg)(L0 M/9)? = 75x10° J

The power output by the engine rate of the wonkediy the engine




After the collision

The impulse-momentum theorem is

AP = F, At

Since this is a vector equation, we must take aorapts. Since the motion is only along
thex-axis, only thex-component is needed.

Ap, = Fy At
The change in momentum is
Ap, = mv,, —mv, = (L5kg)(2 m/g) — (1.5 kg)(-6 m/s) =12kgLm/s
The average force is

F = Ap, :12kg[m/s:

x 60N
T At 020s

Linear momentum is conserved since the explasian internal force. Before the
explosion

40 m/«

p, =mv, = 15kg)(40 m/g) = 600kg /s

After the explosion



Vit 40 m/¢
m : >

Py =MV MV,

Since linear momentum is conserved,

P = P
P =MV + MV,
v, = P~ MpVar _ (600kg m/s)— (5 kg)(60 kg m/s) —30m/s

m, 10kg

Use the equations for a one dimensional elastlsion derived in lecture

5m/s 2m/s

2 kg 3 kg

v, = (Z_rnljv +(MJ%
m +m, m +m,

= _22kg) G m/s)+ 3kg-2kg (2m/s)=44m/s
2kg+3kg 2kg+3kg

Momentum is conserved in the collision. Befitre collision

vi =15 m/s
_—

my
=1200 kg Vo F10 m/s

m2:
1500
kg




For thex-component

p, =MV, = (1200kg)(15m/s) = 1.8x10"* kg [in/s
For they-component

p, =MV, = (1500kg)(10m/s) = 1.5x10" kg n/s

After the collision

For thex-component

p, = Mvcosd

And they-component
Py = Mvsing
Using the conservation of linear momentum

pix = pfx
1.8x10* kg in/s= mvcosd

And

piy = pfy
15x10* kg n/s= mvsing

There are two equations



1.8x10* kg [in/s= mvcosd
15x10" kg[/s= mvsing

To solve forv directly, square the equations and add them tegeth

(mvcosd)? + (mvsing)? = (L8x10* kgn/9)* + (L5x10* kg n/9)*
(mv)?(cos @ +sin® ) = 549x10° kg [In°/s’

_ [549x10° kg® (n*/s’ _ | 549x10° kg® On*/s® _
V= > = 5 =87mls
m (2700kQ)

10.  The object looks like

a

The definition of the center of mass is

_ My +myx,

Xom
m +m,

The 1 subscript refers to the rod and the 2 sifisefers to the additional mass. Solving
for mp:

_m+m,
m, +m,

X (T + M) = M, +1MX,
M X+ M, X0, = MY, + ML,
M, (X = X3) = M (4 = Xn)
(X = Xm)

mz:ml(xcm_ 2)

Xem

Measuring the locations from the left end of thd,the location of the rod i =1 m,
the location of the added massds= 0, and the location of the center of massgis=

0.75m. So

m = m (% = Xem) _ (3kg) @m-075m) _

10kg
(X = %) (075m-0)

11.  The object consists of two parts. The rotatiamertia can be decomposed into

= gae + s



The rotational inertia of the disk is
| 4o =3 My R? =3 (3kg)(0.6 m)? = 054 kg [in’
The rotational inertia of the extra mass is
| 4o = M2 = (1kg)(0.6 m)* = 036 kg [n*
Finally,

| =14 + | ae = 054kg® + 036 kg [n* = 090 kg [

12.
3m
l ©
«4m
960 N

The forces on the beam are

S

Y

The condition for equilibrium is

> r=0

Taking torques about the left end (the hinge)

> r=0

Iy +7: =0



13.

14.

The torque due to the weight is clockwise. Itkigas
r,, = W, =—(960N)(4 m) =3840N [

To find the torque due to the tension, we needatigge 8

@= tan‘{g—mj =37
4m

The torque is counterclockwise,
. =+Trg; =T((4m)sin37°) = (24 m)T
The tension can be found

I, +1; =0
-3840N[n+ (24 m)T =0
T = 3840N [n
24m

=1600N

The rotational inertia of the hoop is
| = MR? = (100kg)(2 m)* = 400kg [In*
Its angular acceleration

_Aa _ (0—20rad/s) _
At 200s

-010rad/s

We don’t care about the direction of the accelenat Drop the minus sign. The torque is

dYr=la

r =la =(400kg[n*)(010rad/$) = 40N n

The fastest object reaches the bottom firste €hergy to find the fastest. Take position
1 at the top of the ramp and position 2 at thedootbf the ramp.

I<1+U1: K2+U2
0O+mgy=(Emv+11a?)+0

The rotational inertia for the shapes can be surzeth (like our text does) by



15.

16.

17.

| = AmR?

For the spherg = 2/5, the cylindef3 = 1/2, and the ringg= 1. Also usev=V/Rin the
energy relation:

Y 2

mgy =3mv’ +%ﬂmR2(—j

R
gy =3V (@1+p)

29y
@+ p)

V=

The largesp will be the slowest. The order will be spherdijrder, and ring.

Angular momentum will be conserved.

L =L,
ha =10

The time for one rotationT} is related to the angular spee&d (

aT =271
217
w=——
T
Substituting
lia, =1 6y
2 2
i T, f Tf
I 1
T, :Til_: (18s) % = 090s
No.

At the depth of 2 m
P, =B+ pgd = (L01x10° Pg) + (1000kg/m*)(9.8 m/s’)(2 m) = 121x10° Pa

Double that number and find the depth



P=B+ 09d
g=PR_ 2021x10Pa)- 10110 Pa_, ,
09 (1000kg/m®)(9.8 m/s’)

18. From the density and the mass the volume isdou

Use Archimedes’ principle to find the buoyant ®rc
F, = 0,0V =(1000kg/m®)(9.8 m/s’)(50x10° m*) =49N

19. Call the position at the bottom of the pipendl ¢he position at the top of the pipe 2.
Applying Bernoulli’s equation

P+pgy, +5 04" =P+ 0y, +5 o,
The pipe’s diameter does not change so
A=A
By the continuity equation

AV; = AV,

VI=V,

Since the end of the pipe is exposed to the athersp, = Py Heights are measured
from the lowest point sg; =0. Making these substitutions



R+0gy, +5 00" =P+ pgy, +5 ov,°
R+0+1 0 =Py, + 00y, +1 0%
P =P, + 00y, = 101x10° Pa+ (1000kg/m®)(9.8 m/s)(6 m) = 160x10° Pa

20. Poiseuille’s law is

AV —EAP/Lr“
At 8 n

AP/L = (ﬂjﬂ“ = (230x10°2 m3/s)(
A

(8)(L0x10°° Pal3
71(0.025m)*

j:150Pa/m



