PHYS 1211 F2020
Lecture Monday October 26,
2020

Chapter 7

Introduction to work and Kinetic Energy



Kinetic Energy: 7.1

* Willem 's Gravesande 1722 published the result of experiments in which
brass balls are dropped into soft clay from varying heights.

* Penetration depth is proportional to squared speed
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Emilie du Chatelet concluded energy ~muv?

Kinetic Energy: K = %mvz

Unit: 1 Joule = 1] = 1kg - m? - s



Kinetic Energy

2
* Cat running at 10 m/s: K = %mvz = %1.5kg (10%) = 75]

2
 Man running at 10 m/s: K = %mvz = %70kg (10?) = 3500/

e Car moving at 50 km/hr:
1 1 (50 kmx1000m - km~1

K = —mv? = =1000k
mve=5 Y hrx3600s - hr—1

2
> ) = 96450]



Work

* A moving object is acted on by a constant force, ﬁ, during a period where its
displacement is d.
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* The work done during this period is:
W=F-d (7.2.7)

W = |13||ci| cos ¢ = (Fcos¢p)d = Fd cos ¢ (7.2.6)

kg-m __ kgm?

2 Xm = 2z

Unit of work, N - m =



Work Examples

* Work is positive (+) when lifting box
* Work is positive (—) when lowering box
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Work and Kinetic Energy

* A Box of mass m = 2 kg is push by a force F = 10N at ¢ = 60 for a displacement of d =

3m, as shown below. If the box was initially at rest calculate the work done on the box by
the force, and the change in kinetic energy of the box. There is no friction.

- -

Kvox =0 F vy =3.87m-s™*
¢

F

9
> E. = Fcos¢

The work done during this period is: W = |13||cf| cosp = Fdcos¢p = 15]
Use Newton 2" on the horizontal (x) comp, F, = F cos60° = ma — a = 102:;0'5
Using Kinematic Equations, v2 = v§, + 2ad — v, = V2ad = 3.87m - s~1

Change in Kinetic energy:AK = %mv,? — %mvgx = 12kg><(3.87m .s71)?% =15]

2
Work energy Theorem: W = AK

m



Work and Kinetic Energy

 ABox of mass m=2kgis push by aforce F = 10N at ¢ = 60 for a displacement of d = 3m, as
shown below. IFthe box was initially moving at vy, = 2m - s~ 1 . If the coefficient of friction is
Us = 0.2 and ;= 0.15, calculate the work done)i)y all the forces acting on the box. Calculate the
final speed of the hox.

7 —> 13-’ Fy Y-com
Fy fi Frety =F, +Fy—mg =20
) &— —Fsing +Fy—mg=20
i E, mg Fy = 8.66N + 19.6N = 28.3N
. fx = Fyur = 4.23N

Work done e Y d = dl

F:Wp=F-: d = E.d =Fd co;’éb..%ij] Verify with Newton’s law

Sravity, me: g = ~ma) JA =+0 \‘:\:Z*..., F%elfix—zél%ivfk - m

Normal force, Fy % W,! =Fyj-d=0 a= 2kg = 0.3855—2

Friction: Wy, = fi. - d = —4.23Nx3m = 12.7}..._ v2 =2 + 2ad > vy = 2.5m - s~}

Total work: W = Wy + W, + Wy + Wy, = 2331]

Work Energy Theorem: W = AK — 2.31] = %ﬁwz — %n?v%x > v, =25m-s7!



Question 5 of Midterm 2 of F2019

(10 points) In the figure, Block 1 (M, = 5 kg) rests on a frictionless
surface, and Block 2 (M, = 3 kg) rests on Block 1. The friction
coefficients between Block 2 and Block 1 are:u;,, = 0.1, u;, = 0.2. A
force F = 10 N is applied at 30 to the Horizontal, as shown.

Question 5a (continued) F =y
M, =3 kg [/30°

Mi=5kg

A) Assume that when the force is applied to Block 2 there is no slipping, and the two
blocks accelerate together. Use Newton’s second law to calculate the magnitude of the

acceleration, a.

L W WAWA SRVAVU AL e

Fyetx = F = (My + My)a — 10N X cos30° = 8kg X a —» a = 1.08255% (2 points)



Question 5 of Midterm 2 of F2019, part b

(10 points) In the figure, Block 1 (M, = 5 kg) rests on a frictionless
surface, and Block 2 (M, = 3 kg) rests on Block 1. The friction
coefficients between Block 2 and Block 1 are:u;,, = 0.1, u, = 0.2. A

force F = 10 N is applied at 30 to the Horizontal, as shown.

B) Draw a FBD on Block 2, which includes the 4 forces acting on it. Calculate the
normal force of on Block 2 due to Block 1, Fn2i, and the maximum static friction,
fs max- Using the magnitude of the acceleration, a, from part A, and applying Newton’s
second law to the horizontal component, calculate the magnitude and direction of the
friction force acting on Block 2. Is the assumption of no slipping in part A correct?

a . F=1ON ) ty F=10N
— Fnoi ' F, = 10N X sin30 = 5N
I X M, =3 kg 0

i M, =3 kg | £.=10N-x-€cos30="8:67N

(1 poimy y-com Fyery = Fyz1 + F, — Mg =0
28. N21 =~y + Myg = —OoN + 29.4N = 24,
1 M F E,+M 5N + 294N = 244N

Maximum Static Friction: f, max = Fyz1ts = 24.4N X 0.2 = 4.88N (2 points)
x-comp Fyeex = Fy — f = Mya — f = Fy — Mya = 8.67N — 3kg x 1.0825% = 542N

Since f > fs max, the blocks will slip! The assumption of part A is wrong. (1 point)

=5 kg




Question 5 of Midterm 2 of F2019, part c

(10 points) In the figure, Block 1 (M, = 5 kg) rests on a frictionless surface,
and Block 2 (M, = 3 kg) rests on Block 1. The friction coefficients between

Block 2 and Block 1 are:u;, = 0.1, ug = 0.2. Aforce F =10 N is applied at
30 to the Horizontal, as shown.

a yd ‘W / F=10N
Fnoi | F. = 10N X sin30° = 5N o
I : Y ﬂ"X‘ ........................ M2:3kg 0

L M, =3 kg 'ﬁ"l"i'd}ir X c0s30° = 8.67N M =5kg
(1 pOi 11y) y ComFNet’y —FN21+F Mzg =0

1 Mzg. FN21 == _Fy + Mzg == _SN + 294N == 244N

C) In part B) you will find that the Block 2 slips on Block 1. Calculate the force of
kinetic friction, fi. Use the FBD of part B and Newton’s second law to calculate the

acceleration of Block 2. Note: vour answer will not be the same as in part A.
Kinetic Friction: f, = Fyo1ux = 24.4N X 0.1 = 2.44N (1 point)
Fx—fr  8.67N—2.44N
x-comp Fyerx = Fr — fr = Ma » a = = kg = 2. 08— (1 point)
2

Block 2, d, = 2.08=1
S




Question 5 of Midterm 2 of F2019, part d

(10 points) In the figure, Block 1 (M, = 5 kg) rests on a frictionless surface,
and Block 2 (M, = 3 kg) rests on Block 1. The friction coefficients between
Block 2 and Block 1 are:u;, = 0.1, u; = 0.2. Aforce F =10 N is applied at
30 to the Horizontal, as shown.

D) Draw a FBD of Block 1, and use fr and Newton’s second law to calculate the

acceleration of Block 1.
(1 point) ty In the diagram, Fn1» is the normal force on Block 1
a due to Block 2. Using Newton’s 3™ law:
— . . .
Fni2 | Fis Fyio = Fyy1 = 24.4N No grades for this part
+X. Fis1s the normal force of the surface on Block 1
Using 2™ law on y-component
Mi=5kg B R e =0
Y-COMm I ety = I'1s N12 19 =
1 Fig = Fyip + Mjg = 244N + 49N = 73.4N No grades
Mg X-comp Fyerr = fr =Mija—»>a="—"=

frk _ 244N m .
M, skg 0.488 = (1 point)
d, = 2.08=1
5; F=10N
M2=3kg (/30
- _ m/\
M, =5 kg a,; = 0.488 ozl




A Multiple choice

* An object is constrained by a cord to move in a circular path of radius
0.5 m on a horizontal frictionless surface. The cord will break if its
tension exceeds 16 N. The maximum kinetic energy the object can
have is:

*A)4) B) 8J C) 16J D) 32) E)64)
2 2
Centripetal Force T =m: SN LA %TR = 4]

A



Work by Gravity: Part |

* Ball of mass m, going up vertical displacement d = Ayj = (yf — yi)j
* { stands for initial and f stands for final

-

* Force of Gravity, F;, = —mgj
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Work Done: W, = ﬁg .d
Wy = —mgj - Ayj = —mgAy(j - j) = —mgly
Wy <0,sinceyr >y; 2 Ay =yr—y; >0
Work-Energy Theorem:

........................ 7A 1 2 1 2
Wy = — Q__A__Xfri.g--}{wf ~ Q_T%Vi

PUTTELL L 2_ R e

Rearranging, v]g = v, =2gAy
Same as projectile equation E18 of midterm 1




Work by Gravity Example

* A box of mass m = 8 kg is moving at v = 10m -

* After it has traveled L = 0.5m, what is lts final sp

[

-1

s lona® = 53.1 frictionless incline.

eed, vr. Use Work-energy theorem

ZERO! ;
Work-Energy theorem. Total work
S 1
W =AK = Ky — K va]? vaiz = —mgh
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Vp = \[vl- —2gh=9.6m-s™1

» h=Lsin53.1" = 0.4m
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Work by Gravity: Arbitrary Path

Below is a path of an object that moves in a curve path from point 1 to point 2.

irhe v;/]ork done by gravity is calculated by dividing the path into infinitesimal path of
engt : "

dl =dlcospi+dlsing]
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‘ Since¢=§—9—>cos¢=sin0




Work by Gravity on incline with no Friction

A box of mass m=8kgis movingatv; = 10m-s tonaf = 53.1" frictionless incline.
* A) Find max length, L, it travels up incline. B) Find speed when it returns to its initial height.

Way up:
Total Work done: W = W, + Wg, = —mgh + 0

Why is work done by normal force, Wg, = 0?

Work-Energy Theorem: W = —mgh = ~mv?2 — %mvlz

2
h=1Lsing, v, =0

| .

1 (10m-s™1)?

—mgLsinf = ——mv{ > L == 5
mgs s 2 T T ) in53.1°9.8m - 52
L = 6.38m
\)\_/ay down:
Td:FaI Work done: W = W, + Wg, = +mgh +0 = %mv% — %mv% = %mv% -0

. 1 2 . -2 . o m
mgL sin 6 = Emvg, — V3 = \/ZgL sinf = \/2><9.8m - §74X6.38mX sin 53.1° = 10?

v; = v3, Conservation of Kinetic Energy




Work by Gravity on incline with friction, Part |

* A box of mass m =8 kg is moving up v; = 10m - st ona 0 = 53.1 frictionless incline, with
U = 0.4 and ug = 0.5.

* A) Find max length, L, it travels up incline. B) Find speed when it returns to its initial height.

Direction of friction, f, is opposite direction of
motion ... or possible motion

k ) F ay \
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First Draw FBD Fox
Y-com: Fyery = Fy + Fyy = 0

Fy —mgcos53.1=0- Fy =47.04N
Kinetic Friction, f, = f = Fyu, = 18.8N |
When box is moving up incline friction is dowri:....:
When box is moving down incline friction is up’




Work by Gravity on inc\ine with friction, Part [l

* A box of mass m=8kgis movingupv; =10m-s~

U = 0.4 and u, = 0.5.

1 ona8 = 53.1 frictionless incline, with

* A) Find max length, L, it travels up incline. B) Find speed when it returns to its initial height.

fk =18g\/ Vy = 0

.......................................................... - Vo
e b V1
Onwayup:
Work done: W = W, + W, + Wg, .
W=-mgh—fiL+0 ™
Work-Energy: e
W = —mgLsin0 — f;,L = Emvzz —Emvlz = —En'i'vi _:
1 vi
L=—-= =49m

18.8N
8kg

298m-s-1sin53.1° +

On way down:
Work done: W = W, + Wy, + Wg,
W =+4+mgh— f;,L+0

Work Energy:

W mgLsin0 — f, L = Emv% —Emvzz = Emv%

‘e
‘e
.




2-Body incline problem (10 Points)

In the diagram below, box A (mass m, =5 kg) isona 8 = 53.1° incline with friction coefficients: u;, = 0.5
and u;, = 0.15. It is connected to a hanging Box B by an ideal rope passed through a frictionless pulley.

Box B has mass mg = 4 kg. If Box B is falling find the acceleration of Box B and the tension in the rope.

Frictionless,

+y$ FBD of Box B that assumes B accelerates up, but B is moving down

i 6T} tuelacity s down): FBD s 1 point
g ; Use 2nd |aw, Fyﬁé“'i-—:-_-'__;.'iﬁ'gy'":'"iﬁ'jg"a, or in numerical form
B | | e T —(4kg)g = (4kg)a
Vo« T —39.2N = (4kg)a, [1]
Msg Equation [1] has two unknowns tension T and

acceleration a. (2 points)

FBD of Box A that assumes A accelerates down incline, but A is moving up incline: FBD is 2 points

VGBI oy gcos = 0 -

m
R Fy = (5kg)9.8 = c0s53.1 = 29.4N
| Kinetic Friction: f,, = Fyiii=294Nx0.15 = 4.41N, (1 point)

-------------
------------
--------------------------------
"y

.....
L]

43.61N — T = (5kg)a. [2]
Equation [2] has two unknowns tension T and a. (2 points)




2-Body incline problem (10 Points), Part 2

In the diagram below, box A (mass m, =5 kg) isona 8 = 53.1° incline with friction coefficients: u;, = 0.5
and u;, = 0.15. It is connected to a hanging Box B by an ideal rope passed through a frictionless pulley.

Box B has mass mg = 4 kg. If Box B is falling find the acceleration of Box B and the tension in the rope.

Frictionless,
massless pulley —

12]

The solution is found by adding equation- [1] and [2] to Obtam"z_ ___________ i

T2392N +43.61—T = (4kg)a + (Skg)a
441N = (9kg)a — a = 0.49— (1 point)

Substituting a = 0. 49 > into equation [1] gives T — 39.2N = (4kg) (0 49 ) = 41.16N. (1 point)

Students should verlfy the value of the tension with equation [2]. Since a > O our assumption is correct A accelerates down, and
B is accelerating up.



Another multiple choice

* A 100-kg piano rolls down a 20° incline. A man tries to keep it from
accelerating, and manages to keep its acceleration to 1.2 m/s2. If the
piano rolls 5 m, what is the net work done on it by all the forces
acting on it?

-A)60J) B)100J C)600) D)100J) E)490)



