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Chapter 8
Potential Energy and Conservation of Energy

Important Terms (For chapters 7 and 8)

>
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conservative force: a force which does work on an object which is
independent of the path taken by the object between its starting point and its
ending point

conserved properties: any properties which remain constant during a process
energy: the non-material quantity which is the ability to do work on a system
joule: the Sl unit for energy, and work, equal to one Newton-meter

kinetic energy: the energy a mass has by virtue of its motion

law of conservation of energy: the total energy of a system remains constant
during a process

mechanical energy: the sum of the potential and kinetic energies in a system
potential energy: the energy an object has because of its position

power: the rate at which work is done or energy is dissipated

watt: the Sl unit for power equal to one joule of energy per second

work: the scalar product of force and displacement

-s=(Fcosé)s where
W = work

F = force

KE = %mv2 s = displacement

W

1 F. s = scalar product of force and displacement

1
=AK =KE, —KE, = Eme —Emvi KE = kinetic energy

PE =mgh v = velocity or speed
AU, =-W, =mg(h, —h) m = mass

AE
(PE, +KE, )-(PE, +KE;)=0

W,

P=ma-v=(Fcosd)v

PE = potential energy (denoted as U )
mech:Ef_Ei:() . .
g = acceleration due to gravity

h = height above some reference point

= AEmech P= power

W F-s S _ i
—:—=F°—=F°V=(FCOSQ)V t=time

t t t I = initial state

f = final state
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8-1 POTENTIAL ENERGY (Done in Chapter 7) ,

- =107 to calculate the work done, W, ,, | iaa o

through the path AC and the path ABC. Ans (30 J). : oyl L
What is your comment? p— P

H.W. Use the force F

H.W. What is the work done, W, , by the gravitational field? : P
H.W. What is the relation between W_, and W, ? Define the P.E. U,. , . 174
Answer: Define: ext = external force, G = gravitation field ~ *
W, +W; =0

ext

U G~ Wext

In summary: The work done could be calculated in two different ways:
F..d (1

W =
| AK = (1 mv? —lmvf] (D)
2 2

In rising (lowering) a mass m to (from) a height h, the work done by the gravitational force W ;
is

W, T=-mgh =~=p-=
WG ‘l’: mgh - E. (exerted
¢ j" by hand)
Compare this with the change in the gravitational potential energy:
AU T= mgh hllm}
AU, d=—mgh o
This implies: I FEEES |

AUg N=-w,; N |

This is also applied for the spring:
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8-2 CONSERVATION OF MECHANICAL ENERGY

Conservative force
A force is conservative if
“the work done by this force when acting on a moving object between two points is
independent of the path the particle takes between these two points.”
The work done by conservative force depends only on the coordinates of the initial and final
points and independent of the path taken between these two points. (see the following figure).

Let W, (1) be the work done in moving from point a to point b
through the path (1), and W, (2) be the work done in moving from point
a to point b through the path (2). If the force is conservative then /\
Wab (1) — Wab (2) « h
The work done by conservative force in a reversed path equal the
negative of the work done by this force in the non-reversed path. 2

Wab (1) = _Wba (l) = _Wba (2)
Wab (1) = _Wba (2)
W, (1) +W, (2) =0

Since the path aba is a closed path then, we can say that:

“the work done by conservative force when the object moves in a closed path is zero”.

The work done by gravitational force

1- When a body of mass m moves from a point of height hi to a point of height hs from the
earth surface, under the effect of gravity, the work done by the gravity is given by

Ws = _mg(hf - hi)
It is negative because the motion is against the weight mg.
2- If the body makes a round trip and returns to its initial height, h; =h., then the work
done by gravity is zero. Since the work done by any force equal the change in Kinetic

energy, then in this case the change in kinetic energy is zero. The final kinetic energy
equal the initial kinetic energy and the final speed equal the initial speed.

K; =K,
Vi =V,

Nonconservative force
A force is non-conservative if the work done by this force on a particle moving between two
points depends on the path taken e.g. friction forces. The property of non-conservative force is
that

Wab (1) '_'tWab (2)

W, (1) + W, (2) # 0
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Potential energy and the work done by conservative force
The work done by the conservative force equal the decrease in potential energy. If the work is

W,_, then
W, =-AU

c

i.e. the work done by the conservative force equal the negative of the change in potential energy.

Conservation of mechanical energy

When a conservative force acts on a moving object, then from the work energy theorem
W, =AK (i)

Where W, is the work done and AK is the change in kinetic energy.

Since the force is conservative then
W, =-AU (i)
is the change in potential energy. From (i) and (ii) we get.

AK=-AU = AK+AU=0
= A(K+U)=0
K +U = E is the total energy. K is the initial kinetic energy, U is the initial potential energy,
K is the final kinetic energy, and U  is the final potential energy
K, +U, =K +U,
E =E,
The law of conservation of mechanical energy
This law states that
“the total mechanical energy of a system remains constant if the only force acting on the body
is conservative force.”

If the potential energy decreases (or increases) the kinetic energy increases (or decreases) by the
same amount.

Examplel: Use conservation of total mechanical energy to compute the final l

velocity of an object dropped from some height, N, just before it strikes the
ground.
Answer: Here, only conservative forces are present. Consequently, we have: |
E=E, = K+U =K, +U, !
Define the zero potential energy reference level at the final position f |, see figure. The
conservation of mechanical energy proceeds as follows:
Atpointi, K =0, U,=mgh = E =K, +U, =mgh
2

At point f, Kfzgvf, U =0 = Ef=Kf+Uf=2vi

Use the conservation of mechanical energy proceeds as AE =0

m >
:>(Ef - Ei):ivf -mgh=0 = v, :,\/29h
Which is the same as the kinematic equation.
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Example2: To what height will a ball rise if tossed upwards with an initial ~ f

velocity of 10 m/s? "i
Answer: Again, only conservative forces are present: X
E =E, ~ h
K +U, =K, +U, |
or i U=0

%mvfﬁtmghi =%mvf2 +mgh, .

If we define the ground as being at height h, =0, (zero potential energy reference level), then
h, =h and conservation of mechanical energy proceeds as follows:

At point i, Ki:%mvf, U =0 = EizKiJrUi:%mv.2

Atpointf, K. =0, U =mgh = E, =K, +U, =mgh

1, Ve
—mv:+0=0+mgh= = h:2—'=5.1m.
g

Note: We could also use Work-Energy theorem:

Example: A ball slides without friction around a loop-the-loop (see the
figure). A ball is released, from rest, at a height h from the left side of g
the loop of radius R. What is the speed of the ball at the highest point of ‘
the loop? (g = acceleration due to gravity)

Answer: Apply the conservation of the mechanical energy at point |
and at the highest point of the loop, we find:

Atpointi, K,=0, U,=mgh = E =K, +U, =mgh

m m
At point f Kfzzvz, U, =mg(2R) = Efsz+Uf:Ev2+2ng

Applying the conservation of mechanical energy:

AE =0 :(Ef—Ei)zgvuzng—mgh:o = v=.2g(h—2R)
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Example: A projectile is fired from the top of a 40 m high building with a speed of 20 m/s.
What will be its speed when it strikes the ground?
Answer:

E.=E, = %mvf+mgh=%mvf2

=V, =V 2 +2gh =20° +2x9.8x 40 =34.4 m/s

Example: A 10 kg block slides down a smooth surface. It is “

released from rest at the top of an incline (38° to the ‘ 1t
horizontal) at a height 10 meters. What is its speed at the . '

bottom of the incline?

Answer: f v §3:5y

We’ve seen this problem before. This method of solving the
problem yields a solution but it depends upon resolving vectors, summing forces, determining
acceleration, and finally kinematics!
Now consider using conservation of mechanical energy to address the same problem:
Since only conservative forces are present:
K, +U, =K, +U;

If we define the ground as being at height h, =0, (zero potential energy reference level), then
h. =h

Atpointi, K, =0, U, =mgh = E =K, +U, =mgh

Atpointf, K, =,mvi, U =0 = E =K, +U, = mv;

f
Use the conservation of mechanical energy proceeds as AE =0

:>(Ef —Ei):gvi -mgh=0 = v, =,/2gh

Then
1 1 .
—mv; +mgh, =§mvf +mgh; .
If we define the ground as being at height h, =0, (zero potential energy reference level), then
h. =h
1mvf2 +0=0+mgh = v, =/2gh =14.1m/s.

This is a much more compact and elegant method of solution.
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Conservation of Mechanical Energy with non-conservative forces
When non-conservative forces are present, total mechanical energy is not conserved, i.e., the

total energy of the system changes (E; = E, ). The only non-conservative force we will deal with
is friction.

Frictional Forces

Frictional forces result in energy being dissipated from systems. Frictional forces reduce the
kinetic energy of a system by some amount that generally is easy to compute. The result is that
the initial and final energies of a non-conservative system are not the same. The energies, in fact,
differ by the amount of work done by the non-conservative force (friction):

W, =W, =f.d=AKE or W_=f.d=AE

Example: A 2.0 kg block is initially moving to the right on a p ;
rough horizontal surface, with x, =05, at a speed of 5.0 m/s. [z%

B R A TR A AT

Calculate its speed after moving 2.0 m.

Im

Answer:
Atstatei: K, Z%mviz Z%(Z)(S)Z, U, =0, E =25

Atstate . K, =;mvi=v?, U =0, E =V}

fod = —umgd = (2©8)@) 0

E,—E=v-25 (1)
Equating (1) and (I1), we get

W =

nc

V, =4/25-19.6 =2.3m/s

Example: A 10 kg block slides down a rough surface (ux =0.2).
It is released from rest at the top of an incline (38° to the .
horizontal) at a height 10 meters. What is its speed at the P
bottom of the incline?

Answer: Using conservation of energy. Since a non-conservative

force is present f .
W, =f, d =AKE or W, =f, d =AE . Using the latter:
f .d = -z mgd cosd )
We=1(1_, 1 _, 1,
[Emvf -5 )+(mghf —mghi):zmvf —mgh, (Il

Equating (1) and (1), we get
vi=y/2gh -2 mgd cos® =12.1m/s
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Example: A skier starts from rest at the top of a 160 m tall

hill. The portion of the hill covered with snow is essentially |

frictionless but flat section at the base of the hill covered with 160 m

mud. If the skier weighs 80 kg, and the coefficient of kinetic \

friction between rental skis and mud is 0.8, how much

distance is required for the skier to come to rest?

Answer:

A non-conservative force, friction, is present here, E, # E, , and total mechanical energy is not

conserved.
E. = mgh = (80 kg)(9.8 m/s*)(160 m) =125440 J

E =0
f.s =—x,mgs Q)
- {AE = —125440 J, (1)
Equating (1) and (I1), we get

nc

. 125440 J
(80 kg)(9.8 m/s?)(0.8)

We could arrive at the same result by looking at the skier's velocity at the base of the
hill and computing the change in kinetic energy to get the work dene by the non-
conservative force.

=200m

, N o
Viorom = ] 280 =56m -5

V finat = 0

AKFE =-125440J . s = 200m

Example: This time our 80 kg skier starts from rest at the
top of a 160 meter tall hill. The downhill portion of the

A Wl

run is snow covered and essentially frictionless but a flat |’
section at the base of the hill has a bare spot 2 meters in 1 N\ i b
length. The skier skis straight down the hill, over the bare I \ _'4 .
spot at the bottom, hits the counterweight on the bull- ~—_ ¢+ i ‘l

wheel compressing the damping spring 50 centimeters in

the process. If the spring constant is 1 x 106 N/m, what is

the coefficient of kinetic friction between rental skis and bluegrass?

Answer: A non-conservative force, friction, is present here, E, #=E, , and total mechanical

energy is not conserved.

E, = mgh = (80 kg)(9.8 m/s*)(160 m) = 125440 J
E, = ;kx* =(0.5)(10° N/m)(0.5 m)? =125000 J

W, =AE =-440J = f_.s=—x,mgs
_ 440 ) 0.8
(80 kg)(2 m)(9.8 m/s?)

= My
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Extra Problems
Example: A ball slides without friction around a loop-the-loop (see the
figure). A ball is released, from rest, at a height h from the left side of the
loop of radius R. What is the ratio (h/R) so that the ball has a speed
Vv =,/Rg at the highest point of the loop? (g = acceleration due to gravity)
Answer: Apply the conservation of the mechanical energy at the
beginning of the trip and at the highest point of the loop, we find:
Atpointi, K, =0, U,=mgh = E =K, +U, =mgh

Atpointf, K, =gv2 =%(Rg), U =mg(2R) = E, =K, +U, =-mgR
h_
R

mgR—-mgh=0 = =

S
2

Example: A worker does 500 J of work in moving a 20 kg box a distance D on a rough
horizontal floor. The box starts from rest and its final velocity after moving the distance D is 4.0
m/s. Find the work done by the friction between the box and the floor in moving the distance D.
Answer: Total work by the man is used to change the K.E. of the body and to overcome the
friction. So,
AK =W +W,
= W, =AK -W__
:%mvf —500:%20><42 —500=-340 J.

Example: A 2.0 kg block is released from rest 60 m above the ground. Take the gravitational
potential energy of the block to be zero at the ground. At what height above the ground is the
kinetic energy of the block equal to half its gravitational potential energy? (Ignore air

resistance)
Answer: Apply the conservation of the mechanical energy at the beginning of the trip and at

the x-position, we find:
Ki+U, =K, +U,

:>O+mgh:%mgx+mgx:>x:§h=40m

Example: A 2.2-kg block starts from rest on a rough inclined plane that o

makes an angle of 25 with the horizontal. The coefficient of kinetic friction FIGURK2 P

is 0.25. As the block goes 2.0 m down the plane, find the change in the -

mechanical energy of the block. e
Answer:

AE =W_. =—uNd =—pzmgcos30 d
=—-0.25%2.2x9.8x0.866x2=-9.3 J
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on a horizontal frictionless surface. The speed of the block is 0.50 m/s, when the spring is
stretched by 4.0 cm. The maximum speed the block can have is: (Ans: 0.71 m/s)
Answer:

1mv? vl o

2 2 2

= %0,5)(0.52 + %SOX 0.04* =0.1265

= V= ,’éO.lZGS =0.71m/s

Example: A 10.0 kg block is released from rest at 100 m above the ground. When it has fallen
50 m, its Kinetic energy is:
Answer: AK =—AUg :mgh =10x%x9.8x50=4900 J.

Example: A 4.0 kg block is initially moving to the right on a horizontal frictionless surface at
a speed of 5.0 m/s. It then compresses a horizontal spring of spring constant 200 N/m. At the
instant when the kinetic energy of the block is equal to the potential energy of the spring, the
mechanical energy of the block-spring system is:

Answer:

AE =0=E, =E, (oratany place) = E, :%mvi2=%x4x52:@.

Example: A 5.0 kg block starts up a 30° incline with 198 J of kinetic energy. The block slides
up the incline and stops after traveling 4.0 m. The work done by the force of friction between
the block and the incline is:

Answer:

W, =AE =AK +AU =(K, -K,)+ (U, -U,)
= (0-198) + (5% 9.8x 4sin30") =100 J.

Example: A 2.0 kg object is connected to one end of an unstretched spring which is attached
to the ceiling by the other end and then the object is allowed to drop. The spring constant of the
spring is 196 N/m. How far does it drop before coming to rest momentarily? (Ans: 0.20 m)
Answer: Apply the conservation of the mechanical energy:

10
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Example: An ideal spring (compressed by 7.00 cm and initially at rest,) fires a 15.0 g block
horizontally across a frictionless table top. The spring has a spring constant of 20.0 N/m. The
speed of the block as it leaves the spring is:

Answer: Apply the conservation of the mechanical energy:

AE =0 = (K, -K,)+(Uq -Ug)=0

:>(lmv2—0)+(0—lkx2j:0
2 2

v = \E = |- (0.07) =256 mis.
m~  \0.015

Example: A small object of mass m on the end of a massless rod of length L is
held vertically, initially. The rod is pivoted at the other end O. The object is then = wi=D
released from rest and allowed to A small object of mass m on the end of a ) N
massless rod of length L is held vertically, initially. The rod is pivoted at the 5?

other end O. The object is then released from rest and allowed to swing down in :

a circular path as shown in the figure. What is the speed (v) of the object at the o
lowest point of its swing? (Assume no friction at the pivot)
Answer: Apply the conservation of the mechanical energy at the beginning of L

the trip and at the lowest point of the motion, we find:

AE =0 = (K, -K,)+Ug ~Ug)=0

:>(%mv2 —0)+(mg2L -0)=0

Example: A projectile is fired from the top of a 40 m high building with a speed of 20 m/s.
What will be its speed when it strikes the ground?
Answer:

E.=E, = %mvf+mgh=%mvf2

=V, = W7 +2gh =/20° +2x9.8x 40 =34.4 m/s

Example:A projectile of mass 0.20 kg is fired with an initial speed of 20 m/s at an angle of 60
degrees above the horizontal. The kinetic energy of the projectile at its highest point is:
Answer:

11
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2

Vyf

=v, —2gd;
= 0=(20sin60') ~2gd =d =153 m
v2=v?_2gd = 20? — 2x9.8x15.3=100

=K, =—mv; :%x0.2x100=]£

Examplel: A 5.0-kg object is pulled along a rough horizontal surface at
constant speed by 15 N force acting 30" above the horizontal (see
Figure). (a) How much work is done by the friction force as the object
moves 6.0 m? (b) What is the increase in thermal energy of the block—

floor system?
Answer:

(a) constant speed =a=AK =0
AK = Total work done=W, +W_ =0

— W, =—W, =—Fc0s30"d =—15x0.866x6 = ~77.9 J
(b) The increase in thermal energy will be AE,, =W, |=77.9

Example: A 0.6-kg ball is suspended from the ceiling at the end of a 2.0-m
string. As this ball swings, it has a speed of 4.0 m/s at the lowest point of its path.

F=15N

Zrry P

What maximum angle does the string make with the vertical as the ball swings?
Answer: Apply the conservation of the mechanical energy we find:

With

2

imvzzmgh = h=\£—=0.816m

g

h=¢-/¢cosOd = cosezl—%:lo.408:0.592

= 6@=c0s"0592=54"

B.oke |

e
AT L LR T T A
< >

6m

Example: A 2.0 kg block is pulled at a constant speed of 1.1 m/s across a horizontal rough
surface by an applied force of 12 N directed 30" above the horizontal. At what rate is the

frictional force doing work on the block?
Answer: The acceleration here is zero, since we have constant velocity. The work done by the
applied force is used to overcome the friction work, so:

aw,

12

AK =W, +W_ =0 = W, =-W_=-Fcos30 d
=-Fcos30'v, =—12x0.866x1.1=-11.4 W
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Example: A 10 kg object is dropped vertically from rest. After falling a distance of 50 m, it has
a speed of 26 m/s. How much work is done by the air resistance on the object during this
descent?
Answer:

W, =E; —E; =(0+;m x26%) - (mg x50+ 0)==1520 J

Example: As a particle moves from point A to point B only two forces act on it: one force is
non-conservative and does work = -30 J, the other force is conservative and does +50 J work.
The change of the kinetic energy of the particle is:

Answer:

AK =W __ +W, =—30+50=20J

Q: A 16 kg crate falls from rest from a height of 1.0 m onto a spring scale with a spring constant
of 2.74 x 103 N/m. Find the maximum distance the spring is compressed.
Answer: If the spring is compressed a distance x, we can apply the conservation of mechanical

energy;
AE =E; -E; :(%_%)+(UGf _UGi)+(USf _USi)ZO;
mg(l+x)—0+(0—%kx2)=0

Solve of x , will find: X ~0.4 m;

We took the final position of the spring as a reference of our potential energy.

Q4. A block is sliding down on a rough inclined plane. A man applies a force to reduce the
acceleration of the block. Let Ws be the work done by the friction force, W the work done by
the man, and Wy the work done by the gravitational force. While the block is sliding down,
which of the following is TRUE?

A) Ws<0, Wn<0,Wyg>0

B) Wi<0, Wn>0,Wg<0

C) Wf<O,Wm<O,Wg<O

D) Wi<0, Wn>0,Wyg>0

E) Ws>0, Wn>0,Wy>0
Ans:

13
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Q5. A ball is launched upward from the edge of a cliff. Which of the graphs shown in Figure 3
could possibly represent how the kinetic energy of the ball changes during its flight?

A a Figure 3
B) b KA K
C)c I
D) d @ ®
E) e K A KI/
Ans: / > ,
A (©) (d)

Q6: A man pushes a block up an incline at a constant speed. As the block moves up the incline,
only one statement is true:

A) Its kinetic energy remains constant and the potential energy of block-earth system increases
B) Its kinetic energy and the potential energy of block-earth system both increase
C) Its kinetic energy increases and the potential energy of block-earth system remains constant
D) Its kinetic energy decreases and the potential energy of block-earth system remains constant
E) Its kinetic energy decreases and the potential energy of block-earth system decreases
Ans:
AE =0 AK + AU =0 AK =0 AV = mg(h — hy)

Q8: A 80 kg skier starts from rest at height H = 25 m above the end of a frictionless ski-jump
ramp and leaves the ramp at angle 6= 30°, as shown in Figure 4. What is the maximum height h
of his jump above the end of the ramp? Neglect the effects of air resistance.

A) 63m Figure 4

B) 5.6 m
C)71m
D) 43m . WY
E) 81m

End of -
ramp |\ ey
\

Ans:
1
AE =0 = mgH = Emv2

v, = 4/ 2gH

vi =v2— 2gh

0 = 2gHsin?(30) — 2gh

14
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Q6: A 2.00 kg ball is thrown with an initial velocity of v, =181 +10], where Vo is in m/s. What

is the maximum change in the potential energy of the ball-Earth system during its flight?
Ans:
1 1 1

AK = Em(v2 —v2) =—AU - AU = Em(vg —v?) = E2(182 +10% — 18%)

Q8: The only force acting on a particle is a conservative force F . If the particle is at point A, the
potential energy of the system associated with F and the particle is 80 J. If the particle moves

from point A to point B, the work done on the particle by Fis + 20 J. What is the potential
energy of the system with the particle at B?
Ans:

Example: An 80 kg skier starts from rest at the top of a 160
meter tall hill and attains a velocity of 36 m/s by the time they t
reach the bottom of the 200 meter run. What is the coefficient W‘, =
of kinetic friction between their skis and the snow?
Answer: U=t
A non-conservative force, friction, is present here, (E; = E, ), and
total mechanical energy is not conserved.

E, =K, +U, =0+ mgh = (80 kg)(9.8 m/s?)(160 m) =125440 J

E =K, +U, = 2mv’+0=(0.5)(80 kg)(36 m/s*) =51840 J

W, = AE =-73600 J = f.s = -z mhs
_ 736002J 047
(80 kg)(9.8 m/s~)(200 m)

= My

15
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Chapter 8
Review Problems (Spring)

WORK DONE BY A SPRING FORCE

1- We are dealing with massless spring, which implies Kspring =0
2- Hooke's "Law"™: Fping = —K X

3- The work done by an external force Fex (such as the force from my hand which is opposite to
Fspring) tO stretch or compress a spring by an amount x is given by

X 2 2
_1
=3k (xf = x7)

ext

W, :TF dx = Tkxdx: =1kx®

This is the general expression for work done by an external force Fex: that can be used in all
cases, if we know X; and X; .

Note that:

Starting from equilibrium position, i.e. X; =0, then the above equation reduces to

W, =%k(x{) . This condition implies:

i- The work done by the external force is always positive, regardless of whether the spring is
stretched ( X; positive) or compressed ( X; negative).

ii- The expression AW, =—AW,

et Means that the work done by the spring is always

negative, regardless of whether the spring is stretched ( X; positive) or compressed  ( X;
negative).

1
iii-  The expression AU, =—AW, =AW, = 5 k (Xf ) means that the potential energy

stored in the spring is always positive, regardless of whether the spring is stretched
( X; positive) or compressed ( X; negative).
Q: A 0.450 kg block, resting on a frictionless surface is
pushed 8.00 cm into a light spring, K=111N/m. It is

then released. What is the velocity of the block as it just
leaves the spring?

Answer:

We can solve this by analyzing the energy situation. There are only two terms we need worry
about, the potential energy stored in the spring and the kinetic energy when the spring uncoils
and the block is released.

i—state: K, = mvZ =0, Ujg=2k = E = ke

: 1,2 1,2
f—state: K¢, =5mvi =0, U;s=0 = E;=-mvi+0
Conservation of mechanical energy implies:

2
=y = |2 (111" \oogom)® = 126™
m 0.450kg " s s
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Q: A 255 g block is traveling along a smooth surface with a velocity of 12.5 m/s. It runs
head on into a spring (K =325 N/m). How far is the spring compressed?

Answer:

0255ky  _ 0.350 m

325 &M
XS

Q: In the figure, a block (M = 2.0 kg) slides on a
frictionless horizontal surface towards a spring with a

Vg
spring constant k =2000 N/m. The speed of the 3
block just before it hits the spring is 6.0 m/s. How fast 2ke § 0 g 5
is the block moving at the instant the spring has been

compressed 15 cm?
Answer:

/7777777777

i—state: K; , =-mv?, U;;=0 = Eizimvi2=%2(62)

1
2
. 1.2 1,2 12 1,2
f—state.Kf,mzimvf, ULS—Ekx = Ef_imvf+§kx
Conservation of mechanical energy implies:

B 1.2 2\ 1,02
E,-E=0 = E2(vf ~67)+;kx® =0

v2 :62—%2000(0.15‘2):36—22.5:13.5 — v, =3.67m/s

Q: A block of mass m=3.0 kg is kept at rest after it k= %00 Nm
has compressed a horizontal massless spring . e —3

(k =500 N/m) by 0.15 m, as shown in the figure. 7

When the block is released, it travels a distance S
on a horizontal rough surface (4 =0.4) before
stopping. Calculate the distance S.

Answer:

i—state: K;, =2mv’ =0, U;j=_ke* = E = kx’=(500)(0.15)* =5.625

]

f—state: Ky, =2mvi =0, U;=0 = E;=0+0

W f..d =—z,mgs = -0.4(3)(9.8)(S) ()
" |E,-E =-5.625 (D)
Using the equation: E, — E; =W, and equating (I) and (II), we get
= _ 5625 =0.478m
0.4(3)(9.8)
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Q: A spring-loaded gun fires a dart at an angle € from e

- - =7
the horizontal. The dart gun has a spring with spring ,x/ .
constant k that compresses a distance x. Assume no air s h[
resistance. What is the speed of the dart when it is at a g*___ff_”_ _____ L u=0
height h above the initial position?
Answer:

elas,i elas, f

Ei=E =>K+U,;+U,; =K;+U +U

0+0 +;kx* = mvZ+mgh +0

-2

Notice that the angle € never entered into the solution.

Q: A 25 kg box is pushed along a horizontal smooth surface with a force of 35 N for 1.5 m.
It then slides into a spring (k =1500 N/m) and compresses it. Find the distance that the

spring is compressed.
Answer:
Find the acceleration:

xXm
Fema = a—f —35%% (L] = 140

s? | 25kg, s?
Find the final velocity :
vi=vl+2ax =v=+2ax =,/2(14)L5m = 2.05m/s
Now we can find the kinetic energy of the thing before compressing:

2
Kozémvz :%(25kg)(2.05mj = 525
S

3

We can now find the displacement of the spring using the kinetic energy we just found:

2(52.5 Nxm
Kozlkx2 - X = 2Ky _ (—N) = 0.26m
2 k 1500 N/m

Example: A block of mass m = 10 kg is connected to un-stretched
spring (k=400 N/m) (see Figure). The block is released from

rest. If the pulley is mass less and frictionless, what is the
maximum extension of the spring?

Answer: Take our reference point for the gravitational potential
energy at the initial position of the block, and apply the
conservation of the mechanical energy using the maximum
extension of the spring is A, one can finds:

E,-E=0 = _KA°-mgA=0
~2mg  2x10x9.8
k400

A =049 m
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Example: A block of mass m = 2.0 kg is dropped from height h = 40 cm onto a spring of
spring constant (k =1960 N/m) (see Figure). Find the maximum distance, s, the spring is

compressed.
py

Answer: We denote m as the mass of the block, h = 0.40 m as the height from which it
dropped (measured from the relaxed position of the spring), and s the compression of the
spring (measured downward so that it yields a positive value). Our reference point for the
gravitational potential energy is the initial position of the block.

At the initial state,

Ki = Ki,mass + Ki,spring :O+O’ Ui :Ui,mass +Ui,spring :O+O
= E =0+0
At the final state,
Kf = Kf,mass + Kf,spring :O+O’ Uf :U f ,mass +U f ,spring = _mg(h +S)+%k32

= E, =—mg(h+s)+%ks2
The block drops a total distance h+S, and the final gravitational potential energy is
—mg(h+5s). The spring potential energy is %ks2 in the final situation, and the kinetic
energy is zero both at the beginning and end. Since energy is conserved
AE=E,-E=0= 0:—mg(h+s)+%ks2
which is a second degree equation in x. Using the quadratic formula, its solution is
mg + \/(mg )2 +2mghk

K
Now mg =19.6 N, h =0.40 m, and k =1960 N/m, and we choose the positive root so that s

>0.

S

196+ /(19.6)° +2(19.6)(0.4)(1960)
B 1960

S =0.10 m
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Q: A spring and a block are in the arrangement of Figure.

Sprin

When the block is pulled out to x = 4.00 cm, we must apply wtachod 4o Block
a force of magnitude 360 N to hold it there. The block is | “*  £=0 .
pulled to x = 11.0 cm and then released. How much work _
does the spring do on the block as the block moves from x = ' X
5.00 cm to x = 3.00 cm?
Answer: First use Hook’s law to calculate the constant k:

Fl=k« = k=+="20 _9000 n/m;

X 4x10

W, =3k (X7 —x?)=39000(25-9)x10*=7.2 ]

Example: A 2.00 kg package is released on a rough 53.1°% incline at d =
4.00 m from a long spring of force constant (k =120 N/m). The spring

is attached to the bottom of the incline as shown in Figure. If the
maximum compression of the spring is x = 1.00 m, what is the work
done by the friction force?

Answer: Take our reference point for the gravitational potential energy
at the initial position of the block, and apply the rule:

AK + AU = W;

AK =0, AU=U, -U, :%kx2 —mg(h)

W, :%leOxlz —2x9.8x(d +X)sin(53.1°) = -18.4 J

Example: A 1.0 kg ball is launched from a spring (k =135 N/m)

that has been compressed a distance of 25 cm. The ball is launched ]\

horizontally by the spring, which is 2.0 m above the deck. (a) What ~2m

is the velocity of the ball just after it leaves the spring? (b) What is =
the horizontal distance the ball travels before it hits? (c) What is ——
the kinetic energy of the ball just before it hits?

Answer:

(a) —kx 2_ 12 v:x\/K =(0.25m) L ———(135) = 29m/s
2 m 1.0kg

(b) Find the time to fall: y:_az =t= / / (20) 0.639s

D=vt =2.9( 0639) = 19m

(c) To directly calculate the kinetic energy of the ball, we would have to calculate what it’s
velocity is just before it hits. This would be a complicated problem — vectors, x and y
components etc. Much easier to calculate it using conservation of energy. Its energy at the
top, which will be the potential energy in the spring plus the gravitational potential energy
because of the ball’s height, has to equal its kinetic energy at the bottom. We could also use
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its kinetic energy plus its gravitational potential energy at the top just before it leaves the
table (this is because its Kinetic energy must equal the potential energy stored in the spring
before launch).

1
mayy +§kX02 = Kinal

K final = MY, +%kx02 =1.0(9.8)(2.0) +%(135)(o.25)2 =24

Example: In the figure, A 2.00 kg block situated on a rough incline,
with @ = 37.0°, is connected to a spring of negligible mass and spring
constant 100 N/m. The block is released from rest when the spring is
un-stretched. If the pulley is massless and frictionless and the block
moves 20.0 cm down the incline before coming to rest, then find the
coefficient of kinetic friction between the block and incline.

Answer: use the relation

AK+AU, +AU, =W, 1)
with the conditions:
AK =K, =K, =0,
AU, =-mgd sin37° = -2.36,
()
AU =2kx* =2

W_ =—x,mgd cos37° =—-3.13y,
From (2) to (1), we find:
u, =0.115
Example: A 2.0 kg object is connected to one end of an unstretched spring which is attached
to the ceiling by the other end and then the object is allowed to drop. The spring constant of

the spring is 196 N/m. How far does it drop before coming to rest momentarily?
Answer: Apply the conservation of the mechanical energy:

AE =0 = %kxzzmgh = hzzkﬂ:O.Zm

Example: An ideal spring (compressed by 7.00 cm and initially at rest,) fires a 15.0 g block
horizontally across a frictionless table top. The spring has a spring constant of 20.0 N/m. The
speed of the block as it leaves the spring is:

Answer: Apply the conservation of the mechanical energy:

AE =0 = (K, -K,)+(Ug -Ug)=0

:>(Emv2 —O)+(0—£kx2j:0
2 2

v = \/K _ |-2°_(0.07)=2.56 ms.
m \0.015




(@)

(b)
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Extra Problems

Example: A spring is compressed a distance of 12 cm by a 675 g ball. The spring constant is
(k=225N/m). The ball is on a smooth surface as shown. The spring is released and sets

the ball into motion. Find: (a) the speed of the ball when it leaves the spring, (b) the speed of
the ball just before it leaves the edge of the table, (c) the kinetic energy of the ball just before
it hits the deck, (d) the horizontal distance, x, it travels when it leaves the table until it hits the
deck. Assume that the ball rolls down the ramp.

Answer:

| |
X

1 1 R 1
EkXOZZEmVZ :v:xo\/% :(0.12)\/ﬁ(225) = 22m/s

1 2 1 - _\/ 1,2
Emv0 +mgy0_§mv V= Z(ZVO +gy0)

Vi = \/ 2(3(22)° +(9.8)(L7-10)) =4.3ms

(c) mgy, + : kx02 = 1 kx

K =mgy + Lkx,? = 0.675kg (9.8)(1.7 ) +£(225)(0.12 )° = 13

0
(d)y:Eat2 —t= ,/ 0,/ 0.452s

1
X =vt _433 04523) = 19m
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Example: A block, of mass m, is resting on a horizontal surface __F
with kinetic friction coefficient »,. The block is attached to an }-*%* : et Ko g
un-stretched spring with spring constant k (see Figure). A force F
parallel to the surface is applied to the block. What is the speed of
the block when its displaced is d from its initial position?

Answer:

Method 1: use W

spring =

1
AK = Em(vi _y/|2/) :Wspring +WF _W

__1p .2
U 2kx

spring —

friction

=Fd —%kxz—yk(mg)

d
Method 2: Use the equation of motion (ma=F —'kadx—yk (mg)=F —%kx2 — 4, (mg)), then
0

use the kinematic equation v —v? =2a.d = Z(E{F —%kx2 — 11, (mg)Dd - %(WF ~U gying + Wy )

spring f

m

Example: A 12-kg block is resting on a horizontal L 500
frictionless surface. The block is attached to an un-stretched w
spring (k =800 N/m) (see Figure). A force F = 80 N parallel  zmmmmmmmmmmmmmmiamm
to the surface is applied to the block. What is the speed of
the block when it is displaced by 13 cm from its initial
position?

SO0N

Answer: Note that: W,

d
1 - -
oring = U —5kx*, or use the equation of motion (a=F —jkxdx )!
0

spring =

AK =2m@ = Y7 ) =W gy, W, =Fd =k

- N

= _mv} =8O><0.13—%x800><(0.13)2 =3.641
=V, = 2x3.64 =0.78 m/s
\} 2

oscillates on a horizontal frictionless surface. The speed of the block is 0.50 m/s, when the
spring is stretched by 4.0 cm. The maximum speed the block can have is:
Answer:

lmvf L ve i+t = L05x0.5 + 180x0.042 = 0.1265
2 2 2 2 2

= V= /é0.1265 =0.71m/s

Example: A 4.0 kg block is initially moving to the right on a horizontal frictionless surface at
a speed of 5.0 m/s. It then compresses a horizontal spring of spring constant 200 N/m. At the
instant when the kinetic energy of the block is equal to the potential energy of the spring, the
mechanical energy of the block-spring system is:

Answer:
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AE =0=E, =E, (oratany place) = E, =%mvi2=%x4x52:50\]

constant k (see Figure). If the maximum distance the spring is compressed = 0.130 m,
find k.

Answer: o
AE =E, —E,
k
=(K7 - K )+(Ug ~Ug )+ (Ug ~Ug)=0;
= (mg x40—-(-mg xx))+(0—%kx2)=0
2x3x9.8x(40+0.13
(2 2x8x98x(40+013) 10 nym
0.13 -
Example: As shown in Figure, a 3.50 kg block is accelerated g
from rest by compressing against a spring by a distance x. The ,w“i “
other end of the spring is fixed to the wall and the spring has a | ——
spring constant of 134 N/m. The block leaves the spring and — — “““;:“
{' NO Tnchion = o

then travels over a rough horizontal floor with a coefficient of
kinetic friction , =0.250. The frictional force stops the block

in distance D = 7.80 m. Find the distance x?
Answer: Draw the initial and final states and find the following
Initial state: (compressed spring and stationary mass),

Kis=0, Ug=2k¢, K,=0, U,=0 = E=kd
Final state: (un-stretched spring and stationary mass at the end of the rough horizontal floor),
Kis=0, U;s=0 K, =0, U, =0 = E; =0
Then use the equation
W, = f,. D =—umgD = AE = —%kx2 = —,mgD= —%kx2 = x=1.00m.

e

Example8: A block (mass = 0.100 kg) is pushed against a maximum height
vertical spring compressing the spring a distance of h = 8.00 cm | _4100kg (I
(see the figure a). The block is not attached to the spring. When  h=800em

released from rest, the block rises to a maximum height of H =  H=06%0m

0.600 m. Calculate the spring constant. H
Answer: If the spring is compressed a distance h, we can apply

the conservation of mechanical energy; .

_.h] %__E___vﬂ_-

N AN
compressed  relaxed

U
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initial state  final state
maximum height
m=0 |mig m ......... .......

h=800cm
H=0.600m

US0-symgi— -+ U0 w g g ],
. £ i
e
compressed  relaxed compressed relaxed
(a) (b)
At the initial state,

1, 2

Ki = Ki,mass + Ki,spring = O+O’ Ui = Ui,mass +Ui,spring = _mgh +§kh

= E,=-mgh +%kh2

At the final state,
K, =K +K =0+0, u,=U

= E,=mg(H -h)

+U

f ,mass f ,spring f ,mass f ,spring

#AE=0 =(E,~E)=mg(H —h)—(—mgh+;kh2):0

_2mgH  2x0.1x9.8x0.6 1.176

=k 2 2 -
h 0.08 0.0064

=184 N/m

10

=mg(H —h)+0
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Chapter 8
Review Problems
The following three problems are related to Sec 8.4.

The increase in thermal energy AE,, =|f.d|
Work-energy theorem again!
Start with vi =v’ +2a.d, and use the Newton’s second law a=> F.,

to find

v —vf:%(lfl+lfz+---).5
= AK =K, —K, =%m(v$ —VE) =W, + W, s

With constant velocity, = AK=0 = W,+W,+---=0

1- Work done, W, by applied force F is given by the relation
W, =F.d=(Fcosg)d=F,d

where @ is the angle between F and the displacement d .
F, = component of force along the direction of displacement,

W, =F, . distance .

o 1 1
2- The work-energy theorem is written as: AK =K, - K, = §me —EmVi2 = ZWJ-
j

Proof: Start with V? = Vi2 +2a.d , and use the Newton’s second law a = Z ﬁ. , to find
i

vf—vg":g(lfl+lfz+---).a = AK=K,-K, =
m

Constant velocity, = AK=0 = W, +W,+-.-=0

m(vf—v?):Wl+W2+---

N =

Note that: According to the work-energy theorem
i- work done by all forces = AK
ii- if the work is positive K, > K; and the velocity increases, v > Vi

iii- if the work is negative K, <K, and the velocity decreases vs < vi

iv- only when external force acts on an object its energy increases by an amount equal to the
work done by this force.

v- we can consider the kinetic energy of a body as the work that the body do in coming to
rest.

Remember that: In the following, field could be refer to gravity, spring, electric,...

AWField = _AWext
AU g = =AWy = AW,
Ef - Ei :Wnon—conservative
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Q: A 5.0 kg block starts up a 30° incline with 130 J of
kinetic energy. How far will it slide up the incline if the
coefficient of kinetic friction between the block and the
incline is 0.30?
Answer:
We will suppose that the block slide up a distance
X along the incline
Ak + Aug = Wne
-130 + m g X sin@ = - (uk) mg cos@ (X)
~130 + 245X = - (0.3) (5.0) (9.8) (.866) X
-130 + 245X =-1273X
37.23X = 130
X = 130/37.23 = 349m

Q: A worker pushed a 27 kg block 9.2 m along a level floor at constant

speed with a force, F, directed with angle @ =32" below the
horizontal, see the figure. If the coefficient of kinetic friction between

block and floor was 0.20, what were (a) the work done by the worker’s
force and (b) the increase in thermal energy of the block—floor system?
Answer:
Since the velocity is constant, & = 0and the x and the y component of Newton's second law
are:
y: F, =F sin @+ mg, Q)
X: f,=F cos @ (i)
fo = F =p (Fsin@+mg) (iii)
where m is the mass of the block, F is the force exerted by the rope, and @ is the angle
between that force and the horizontal. Equating (ii) and (iii), one finds:
_ H.Mg - _ 0.2><27><9-.8 ~71N
cos@—py, sin@ cos32°-0.2sin 32
(@) The work done on the block by the worker is,
W = Fd cosé = (71N)(9.2m)c0s32° = 5.54 x10° J.

(b) Since f, = uFy = (F sin @+mg) =60 N, we find
AE,, = f,d = (60N)(9.2m) =5.54 x10%J.

Q: A rope is used to pull a 3.57 kg block at constant speed 4.06 m
along a horizontal floor. The force on the block from the rope is
F =7.68 N and directed @ =15.0" above the horizontal. What are (a)
the work done by the rope's force, (b) the increase in thermal energy of
the block-floor system, and (c) the coefficient of kinetic friction
between the block and floor?
Answer:
(a) The work done on the block by the force in the rope is,

W = Fd cos @ = (7.68 N)(4.06 m) cos15.0° = 30.1J.
(b) Using f for the magnitude of the kinetic friction force, reveals that the increase in thermal
energy is
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AE,, = fd = (7.42N)(4.06m) = 30.1J.

(c) We can use Newton's second law of motion to obtain the frictional and normal forces,
then use g = f /F, to obtain the coefficient of friction. Place the x axis along the path of the

block and the y axis normal to the floor. The x and the y component of Newton's second law
are
X: Fcos@ —f=0
y: Fn+Fsin @8 —mg =0,
where m is the mass of the block, F is the force exerted by the rope, and @ is the angle
between that force and the horizontal. The first equation gives
f=Fcos @ =(7.68 N)cos15.0°=7.42 N
and the second gives
F, =mg —F sin 8 = (3.57 kg)(9.8 m/s?) — (7.68 N)sin15.0°= 33.0 N.

Thus,

f _7.42 N _0.295
N

Examplel: A 40 kg box initially at rest is pushed 5.0 m along a rough horizontal floor with a
constant applied horizontal force of 130 N. If the coefficient of friction between the box and
floor is 0.30, find

(a) the work done by the applied force,

(b) the energy lost due to friction,

(c) the change in kinetic energy of the box, and

(d) the final speed of the box.

a8 t
Figure 1: (a) Applied force and friction force both do work on the box. (b) Diagram showing
all the forces acting on the box.

Answer:
(a) The motion of the box and the forces which do work on it are shown in Fig. 1(a). The
(constant) applied force points in the same direction as the displacement. Our formula for the
work done by a constant force gives

Wipp = Fdecos ¢ = (130N)(5.0m) cos F = 6.5 = 102
The applied force does 6.5 x 10% J of work.
(b) Fig. 1(b) shows all the forces acting on the box.
The vertical forces acting on the box are gravity (mg, downward) and the floor’s normal force

(N, upward). It follows that N = mg and so the magnitude of the friction force is
Jirie = pN = pmg = (0.30)(40 kg J(9.80 ) = 1.2 x 10° N

The friction force is directed opposite the direction of motion (0 =180 ) and so the work

that it does is
Wegic = Fdcosag

= fuiedcos 180° = (1.2 x 102 N)(5.0m)(—1) = —5.9 x 102 ]
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or we might say that 5.9 x 102 J is lost to friction, and The increase in thermal energy will be
AE, =|fd|=5.9x10% ]

(c) Since the normal force and gravity do no work on the box as it moves, the net work done
is

Waet = Wapp + Whie = 6.5 x 102 ] =59 x 102 J = 621 .
By the Work—Kinetic Energy Theorem, this is equal to the change in kinetic energy of the
box:

AK=K; - K; =W, =62].

(d) Here, the initial kinetic energy Ki was zero because the box was initially at rest. So we
have Kr = 62 J. From the definition of kinetic energy, K = %2 mv?, we get the final speed of the
box:
2Ky 2(621])

o ~31 m”

m  (40ke) T F

ety B

1

so that

Example6: Att=0 a 1.0 kg ball is thrown from a tall tower with v, = (18 i+24 ]) m/s . What

iIs AU of the ball-Earth system betweent=0and t = 6.0 s (still free fall)?
Answer: Since time does not directly enter into the energy formulations, we return to the
kinematic equations to find the change of height during this t = 6.0 s flight.

1 .
Ay =V, t ~3 gt
This leads to Ay =—-32 m. Therefore, AU =mgAy =-318 J~—-3.2x107 J.

Example7: A 2.00 kg ball is thrown with an initial velocity of V, :(18f+10 ])m/s . What is

the maximum change in the potential energy of the ball-Earth system during its flight?
Answer:

AK =Zm(V? —77) =-AUg

= AUg = m(V —V7) = 2(18° +10° ~18°) =100 J

Example: A small block of mass m begins from rest at

A
the top of a curved track at a height h and travels c
around a circular loop of radius R. There is negligible i O ki
Il
s B

friction between the block and the track between points |
A and D, but the coefficient of kinetic friction on the ' "E
horizontal surface between points D and E is p. The distance between points D and E is x.
Answer all of the following questions in terms of the given quantities and fundamental
constants.

(a) Determine the speed of the block at point B, at the bottom of the loop.

(b) Determine the kinetic energy of the block at point C, at the top of the loop.

(c) After the block slides down the loop from point C to point D, it enters the rough portion
of the track. The speed of the block at point E is half the speed of the block at point D.
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Determine the speed of the block at point D, just before it enters the rough portion of the
track.
(d) Determine the amount of work done by friction between points D and E.
(e) Find an expression for the coefficient of kinetic friction p.
Solution
Since there is no friction on the track between points A and B, there is no loss of energy.
Thus,

U,=K, = mgh:%mVB2 = Vg =4/20gh
(b) Conservation of energy:

U,=U.+K,

mgh=mg(2R)+K, = K.=mgh-2mgR

(c) There is no energy lost on the track between points A and D, so the speed of the block at
point D is the same as the speed at point B:

Vp =+/2gh

(d) The work done by friction is the product of the frictional force and the displacement
through which it acts.

W, =—fX=—puF X=—umgx

A M 2\ v, 2gh
No use Wf—AK—Z(%_vD)— umgx = 'U_ngX_ngx

(e) The frictional force causes the block to have a negative acceleration according to
Newton’s second law:

h
X

Using a kinematic equation,
2 2
VT =V, +2ax
2gh _h

Oz(\/ﬁ)2+2(—yg)x = pu=—

20X X
Example: A worker does 500 J of work in moving a 20 kg box a distance D on a rough
horizontal floor. The box starts from rest and its final velocity after moving the distance D is
4.0 m/s. Find the work done by the friction between the box and the floor in moving the
distance D.
Answer: Total work by the man is used to change the K.E. of the body and to overcome the
friction. So,

AK =W__. +W,

= W, =AK-W__ = 1mv? —500:%20><42—500:—340 J.

man — A

Example: A 2.0 kg block is released from rest 60 m above the ground. Take the gravitational
potential energy of the block to be zero at the ground. At what height above the ground is the
kinetic energy of the block equal to half its gravitational potential energy? (Ignore air
resistance)
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Answer: Apply the conservation of the mechanical energy at the beginning of the trip and at
the highest point of the loop, we find:

K, +U, =K, +U; = 0+mgh =%mgx+mgx

Example: A 2.2 kg block starts from rest on a rough inclined plane that makes an angle of
30° above the horizontal. The coefficient of kinetic friction is 0.25. As the block moves 3.0
m down the plane, the change in the mechanical energy of the block is:

Answer:

AE =W, =—z,mgcos30 d =-0.25x2.2x9.8x0.866x3=-14.0 J

Example: A 10.0 kg block is released from rest at 100 m above the ground. When it has
fallen 50 m, its kinetic energy is:
Answer:

AK =—AU , =mgh =10x9.8x50 = 4900 J.

Example: A 4.0 kg block is initially moving to the right on a horizontal frictionless surface
at a speed of 5.0 m/s. It then compresses a horizontal spring of spring constant 200 N/m. At
the instant when the kinetic energy of the block is equal to the potential energy of the
spring, the mechanical energy of the block-spring system is:

Answer:

AE =0=E, =E, (oratany place) = E, :%mvf:%x4x52=50J

Example: A 5.0 kg block starts up a 30° incline with 198 J of kinetic energy. The block
slides up the incline and stops after traveling 4.0 m. The work done by the force of friction
between the block and the incline is:

Answer:

W, =AE =AK +AU =(K, -K,)+ U, -U,)
= (0-198) + (5% 9.8 x 4sin30°) = =100 J.

Example: Conservation of Mechanical Energy

Q: A 49 kg projectile has a kinetic energy of 825 kJ when it is fired at an angle of 23.0°.
Find

(@) the time of flight for the projectile and

(b) the maximum range of the projectile.

Answer:

We need to know the initial velocity using its Kinetic energy:

2(825 000 kgxm?
K = my2 v=4/2—K —\/ ( k% ) —184 M
2 m 49 kgxs s
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Vyo =Vsing =(184m)sin23.o° = 7191
S S

Vyo =VCO0SO :(184mjc0523.00 - 160
S S

Vy—Vyo  (-71.9)-719
- 908

=14.7s

(@) Find the time: Vy =Vyo+ gt =>t=

(b) Xx=vt = (169 gjls s =2500m

Example: A 0.20 kg object moves along a straight line. The °
net force acting on the object varies with the object's

displacement as shown in the graph. The object starts from Foe ’
rest at displacement x = 0 and time t = 0 and is displaced a

distance of 20 m. Determine each of the following. |

a. The acceleration of the particle when its displacement x = %5 7% S B 8 B
6 m isplacement (m)

The force is constant from time zero till its displacement is 6 meters, so we can use the

second law.
F=ma = a=E=4m(#J =20m
m

s | 0.20kg s

b. The time taken for the object to be displaced the first 12 m.
Again, the force is constant from the start till the displacement is 12 m. This means that the
acceleration is also constant, so we can use one of the kinematic equations to find the time.

x:X0+V0t+1at2 x=Sat’ t—JZX (A2 g
2 2 a ™
20
s

c. The amount of work done by the net force in displacing the object the first 12 m.
The work done is the area under the curve:
W0 —12) :(4 N )(12 m) = 48]
d. The speed of the object at displacement x = 12 m. We can use conservation of energy to
solve this bit.

XmMxm
1 2W 2(48kg 7 ) m
W(0 —12) ==mv? v=,— = S = 219—
2 m 0.20kg S

e. The final speed of the object at displacement x =20 m.
We can use conservation of energy again. The work is equal to the area under the curve, so
we add the area of the rectangle to the area of the triangle.

W :E(m )(20—12m)}+[(4N)(12m)] =64]

kg mxm
2(64 )
2 2w \/— = 25.3m

0.20 kg s
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