PHYS 1443 — Section 003
Lecture #12

Wednesday, Oct. 6, 2004
Dr. Jaehoon Yu

1. Work done by a constant force

2. Scalar Product of Vectors

3. Work done by a varying force

4. Work and Kinetic Energy Theorem
5. Potential Energy

|
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Work Done by a Constant Force
Work in physics is done only when a sum of forces

exerted on an object made a motion to the object.

Free Body

Diagram X
Which force did the work? Force E
S\ - , Nem
How much work did it do? W = (Y F )-d =Fdcose "™ 3 tor ouig

Physical work is done only by the component of

' ?
What does this mean’ the force along the movement of the object.
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Example of Work w/ Constant Force

A man cleaning a floor pulls a vacuum cleaner with a force of magnitude F=50.0N at
an angle of 30.0° with East. Calculate the work done by the force on the vacuum
cleaner as the vacuum cleaner is displaced by 3.00m to East.

W = @ ‘(Z ]‘d‘cos@

W =50.0x3.00xc0s30" =130J

Does work depend on mass of the object being worked on? Yes

Why don't | see the mass It is reflected in the force. If the object has smaller
term in the work at all then? | | mass, its would take less force to move it the same

distance as the heavier object. So it would take less
work. Which makes perfect sense, doesn'’t it?
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Scalar Product of Two Vectors

* Product of magnitude of the two vectors and the cosine of the

angle between them N ‘K’Hﬁ"cos 0

« QOperation is commutative Z.g — “A’H‘B"COSQ _ ‘gHz\" c0s 0 = BeA

« QOperation follows distribution —A’.(ﬁ + 6) = BB 4 AC
law of multiplication
» Scalar products of Unit Vectors i.i=j.j=kk=1 i-j=jk=ki=0

[S——

« How does scalar product look in terms of components?

—_— —_—

A=A i+A j+Ak B=B i+B, j+B,k C=C,i+C, j+C,k

_A'-ﬁz(pﬁwy}wz ﬁ)-(BXhBy j+B, kj - (AXBX i«i+ A B, joj+A,B, kkj @

A-B=AB,+A B, +AB, n
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Example of Work by Scalar Product

A particle moving in the xy plane undergoes a displacement d=(2.0i+3.0j))m as a
constant force F=(5.01+2.0j) N acts on the particle.

a) Calculate the magnitude of the displacement
and that of the force.

5| |d=ozdz = (207 +(307 =36m
Fl=[F2+F7 =507 +(20F =54N

b) Calculate the work done by the force F.

—

“E.d= (2.o?+3.o})-(5.0?+2.o})=2.ox5.o?.?+3.0><2.o}-}=10+6=16(J)

Can you do this using the magnitudes and the angle between d and F?

W =F-.d =‘FHd‘cos«9
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Work Done by Varying Force

« |f the force depends on position of the object through the motion

— one must consider work in small segments of the position where the force
can be considered constant

AW = FX'AX

- Then add all work-segments throughout the entire motion (x,=> X;)

W ~ ZF . AX ‘Inthe limit where Ax%} lim > F,-Ax= [ Fdx=W

— | more than one force is acting, the net work is done by the net force

W (net) = j (> Fy) dx
One of the forces depends on position is force by a spring  F, = —kx
The work done by the spring force Is

W = j F.dx = jmax —kx ) dx Ekx
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Kinetic Energy and Work-Kinetic Energy Theorem

« Some problems are hard to solve using Newton’s second law
— If forces exerting on the object during the motion are so complicated

— Relate the work done on the object by the net force to the change of the
speed of the object

LF Suppose net force X Fwas exerted on an object for
w displacement d to increase its speed from v, to Vg

— >

v; Vs The work on the object by the net force X is
d " Wz(ZE)-E:(ma)d cos0=(ma)d
1 _
Displacement O :E(Vf +Vi)t Acceleraion a= — : Vi
Vi =Vi |1 1 -, 1 5 Kinetic 1
W =(ma)d = m —(V, +Vv, Jt=—mv; ——mv, -~ mv2
Work W =(rajs | * 25 2o cue S KPELC e 1y

The work done by the net force caused

Work W = 1mv2 —Emv2 =KE; —KE
OrK WV =5 T =5 T = ! ~RE =AKE change of object’s kinetic energy.
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Example of Work-KE Theorem

A 6.0kg block initially at rest is pulled to East along a horizontal, frictionless surface by a
constant horizontal force of 12N. Find the speed of the block after it has moved 3.0m.

n F n Work done by the force Fis

—= o W =F.d=|F||d|coso= 12x30c0s0=36(J)
l
4

- 1 2 1 5
From the work-kinetic energy theorem, we know W =§me _Emvi

1
Since initial speed is 0, the above equation becomes W =— me

Solving the equation for v, we obtain / /2X3 =3.5m/s
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Work and Energy Involving Kinetic Friction

« What do you think the work looks like If there Is friction?

— Why doesn't static friction matter? :> Because it isn't there while
the object is moving.

Friction force Tﬁworks on the object to slow down

_= The work on the object by the friction #Is
— W, =F,dcos(180)= —-F,d AKE=F.d

The final kinetic energy of an object, taking into account its initial kinetic
energy, friction force and other source of work, is

E K& LW R M

t=0, KE; Friction, t=T, KE;
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Example of Work Under Friction

A 6.0kg block initially at rest is pulled to East along a horizontal surface with coefficient
of kinetic friction ,=0.15 by a constant horizontal force of 12N. Find the speed of the
block after it has moved 3.0m.

M Work done by the force Fis

—= 7 » W, = ‘FHd‘cosﬁz12><3.0cosO:36(J)
I d:3.0m’I Wk:Ek-E: ﬁ 5‘0036’= |ykmg ”d‘cos@

SO e o Ce i —0.15%6.0x9.8x3.0cos 180 = —26(J)
Thus the total work is | W =W; +W, =36-26=10(J)

Using work-kinetic energy theorem and the fact that initial speed is 0, we obtain

1 olving the equation
W =W_ +Wk=—mV? ° e Vi = v _ 210 =1.8m/s
2 for v We obtain m 6.0
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