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Example of Energy Transferred Into and Out of a System
http://www.flippingphysics.com/energy-transfer-system-example.html
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Example: A 7.50 kg block on a level surface is acted upon by a force \

applied of 35.0 N at an angle of 25.0° below +x axis. The block starts A
at rest, the coefficient of kinetic friction between the block and surface . - FN
is 0.245, and the block is displaced 6.50 m to the right'. Find the: \\
a) Final velocity of the block. S =m—)
b) Work done by each force acting on the block. F - |
c) Change in internal energy of the block. IS
d) Change in kinetic energy of the block. T — = =
e) And show that the change in energy of the block equals the i il o 1‘3 i
energy transferred to the block. &9//} I l;t‘l :]V /u/‘IH
S Z LA ) ‘ UL

m=1.50kg; f’a =35.0N @25.0° below +x axis; v,= 0; u, = 0.245; Ar = 6.50i m
(a)vi =7; (b)W = ?(each force); (C)AE T (d)AKE ?; ( )show AEsystem = ZT

intern aI

We need to sum the forces in order to determine the acceleration of the block so we can use a uniformly
accelerated motion equation to find the final velocity of the block. Let’s start by drawing the free body
diagram and breaking the force applied into its components in the x and y-directions and use the unit
vector form of all the forces.

F =F, i+F, j=(F, cos6)i+(F,sin)(-j)=(35)cos(28)i - (35)sin(25)j =[ 31.72081 ~14.7916 | N
Now, rather than summing the forces in each direction separately, we can sum the forces in all directions
simultaneously using one equation:

ZF:f;+f’g+F’N+f’k[:mé

> F=[31.7208] ~14.7916 |+ | (mg)(-]) |+[ (F, )7 |+[ (.F, )(~1) | = m[ (a, )i +(0) 7]
And then we can isolate the j unit vector coefficients:

(j)=-14.7916 - mg + F, =0= F, =14.7916+ mg =14.7916 +(7.5)(9.81) = 88.3666 N
And then we can isolate the | unit vector coefficients:

n 31.7208—u F. 31.7208-(0.245)(88.3666
(f)=81.7208— 1, F, =ma, = a, = Blw - (0245)( )\ saa19™

* * m 1.5 s?
Now that we know the acceleration and it is uniform, we can use a uniformly accelerated motion equation
to solve for the final velocity of the block:

—V +2aAX:>V ,[ +2aAr \/ 134279 65) 4.178074 = 418—

And we have solved part (a). Yeal
Part (b) is to solve for the work done by each force:

W, =F, «Ar=(88.3666])(6.5])=0

W, =F +Ar= (-mgj)-(6.51)=0
w, =1fja AF =(31.72081 ~14.7916 )+ (6.51) = (31.7208)(6.5)+(~14.7916)(0) = 206.185 ~ 206 ]
W, =F, +AF=(-u,F,1):(6.81)=(-u,F,)(6.5)=(-0.245)(88.3666)(6.5) = ~140.724 ~~141]

" This demonstration is not the correct mass, distance, scale, size, weight, acceleration, conifer, or astral plane. It is intended for
visual reference purposes only and should not be confused with reality.
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Part (c) is to solve for the change in internal energy of the block:

=W, =-W, =—(-140.724)=140.724 ~141/

internal NC

Part (d) is to solve for the change in kinetic energy of the block:
Notice there are currently two ways we could solve this, both are correct:
1, 1 , 1 1 2
AKE = mv '~ mv}=_my -0= 5(7.5)(4. 178074) =65.4611~65.5]

f 2 i

net

W, =AKE=W, +W, +W, +W, =0+0+206.185+(-140.724)=65.4611~65.5]

Part (e) is to show that the change in energy of the block equals the energy transferred to the block.
:ZT:AME+AE. =W, = AKE+ AE, =W, =65.4611+140.724=206.185 v

system internal internal

And notice the above equation is just a rearrangement of the net work equals change in kinetic energy
theorem. The net work equals the sum of all the work done on the block by each force acting on the block.
The work done by force normal and force of gravity both equal zero. The work done by the force of kinetic
friction equals the negative of the change in internal energy of the system. Rearranging that equation gives
you the exact same equation you showed us before using the equation change in energy of the system
equals the energy transferred to the system.

W, =AKE =W, +W, +W, +W, =AKE =W, +(-AE, )=AKE=AKE+AE, . =W,

internal ) internal F,
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