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Table 1 Linear and Angular Measures

Quantity

Displacement x (m) @ (rad) k¥ r0

Velocity v (m/s) ( w (rad/s) V=rw

_ Acceleration a (m/s?) o (rad/s?) a=ro )
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Relate the arc length (%) to the angular displacement (@) and thel
distance (r) from the axis of rotation, relate the linear velocity (v)
— to the angular velocity (w) and the distance (r) from the axis of

rotation, and relate the linear acceleration (a) to the angular

-
N\

et . acceleration. (o) and the distance (r) from the axis of rotation
/1N

e The distance (x) is measured in meters in this equation: x =rf .

o If the angular velocity of a bodyis (w) .. the linear velocity of a point located at a distance r from the axis
of rotation is found by the relationship v=rw .

. [
— https://t.me/ll5inll
o If the change in angular velocitylis positive + , then the angular acceleration is also positive + . (
e The angular acceleration determined in this way is equal to the angular velocity over the time period (t) .

oOThe lingar acceleration (a) of a point is found at a distance (r) from the axis of a body equal to its angular
acceleration (o) ..a=ra.



Apply the relationship between a force F and the work done on a *
: system by the forcewhen the system undergoes a displacement d:
@3 W = Fd cosf where 0 is the angle between the direction of the force
and the direction of displacement .

nttps://t.me/ll5inll
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| UNIFORM CIRCULAR MOTION A 13 g rubber stopper is attached to a 0.93 m
string. The stopper is swung in a horizontal circle, making one revolution in 118 s.
Find the magnitude of the tension force exerted by the string on the stopper.

Kl ANALYZE AND SKETCH THE PROBLEM

* Draw a free-body diagram for the swinging stopper. 2- Find the Centripetal 1- Find the data

* [nclude the radius and the direction of motion.

. E;sfb::lsic:c:c;f::jﬁtim labeled tang and c. The directions acce‘eration to find the force . m - 13 9

:}ug.:.r:g o s r:0.93m

|' _—
r=093m ’t j

T=18s _ 47%(0.93 m) T:118s
Bl SOLVE FOR THE UNKNOWN ¥

(L18 sF
Find the magnitude of the centripetal acceleration. F - ?N
pars = 26 m/s?
Oe = ?
_ 4r°(0.93 m)
T (118 s

|

o Subslifule r=0893m. T =118+

= 26 m/s?

Use Mewton's second law to find the magnitude of the tension in the string.

e 3- Find the tensile strength .

= {0013 HQJEEE m.l"szil o Subslidule m= 0013 i'..:'.l_ 2. = 26 m
=034 N

FT - mac
El EVALUATE THE ANSWER
» Are the units correct? Dimensional analysis verifies that a, is in meters per second — (0 .01 3 l(g) (26 m/ Sz)

squared and Fy is in newtons.

* Do the signs make sense? The signs should all be positive. =£ @4 N

» Are the magnitudes realistic? The force is almost three times the weight of the stopper,
and the acceleration is almost three times that of gravity, which is reasonable for
such a light object.



Example applications 3

Jal ugilall tiglholl Hlg=enl 12. A runner moving at a speed of 8.8 m/s rounds a bend
, , , ) with a radius of 25 m. What is the centripetal accelera-
aczis aczir ac v =8.8m/s tion of the runner, and what agent exerts the centrip-
etal force on the runner?
acz r=25m
Jall Ugildll | wglhall Cilubeoll
' L 13. Anairplane traveling at 201 m/s makes a turn. What is
_200° L SR - =2km v =201m/s the smallest radius of the circular path (in kilometers)
N b T the pilot can make and keep the centripetal accelera-

* 2.?
TR tion under 5.0 m/s<7

ac=5m/ 52




Example applications 3

Jall Ooiléll Liglhal cumean | 14 A 45 kg merry-go-round worker stands on the ride’s
platform 6.3 m from the center, as shown in Figure 11.
ac=ﬂz rac=i2 c Do If her speed (Vy,orker) @S She goes around the circle is
S £ 4.1 m/s, what is the force of friction (F) necessary to
g =27 F. = ma, . 63m keep her from falling off the platform
F=45x27
! v=4.1
. -
Jall Uadldll uglholl Gibbcoll Figure 11
- o e 15. A 16 g ball at the end of a 1.4 m string is swung in a
vi, 7602 7 vi 7602 T2 Fe m=0.016 kg horizontal circle. It revolves once every 1.09 s. What is
the magnitude of the string's tension?
dc = 465 F, .= ma. r=14m

T=1.09s




LEVER ARM A bolt on a car engine must be tightened with a torque of
35 N+m. You use a 25 cm-long wrench and pull the end of the wrench
at an angle of 60.0" to the handle of the wrench. How long is the lever
arm, and how much force must you exert?

El ANALYZE AND SKETCH THE PROBLEM
sketch the situation. Find the lever arm by extending the force vector
backward until a line that is perpendicular to it intersects
the axis of rotation.

KNOWN UNKNOWN
r=025m 7T=35Nm L=7
g = 60.0° F=7
N SOLVE FOR THE UNKNOWN
L — rsin 9 Solve for the length of the lever arm.
L=rsing
—_— (O 2 5 m )( Si n 60 0 o ) = IC'EE I"I"IHS-II"I ED,GO} o Subsbibrde 7= 025 mand 0= 6007 inko the equahion. Then, sobie fhe equalion
’ ' =0.22m
— 0 2 2 m Solve for the force,
) T=Frsin@
__T
{rsin &)
_ (35 N-m) o = _ _ o
— {0.25 m)(sin 60.0%) A Subslibde T = 35 Nom /= 025 m and 0= 600° inlo bhe r:nl'.m‘f::r
=16x10° N o Then, sobve the equation. Remember fo wse significan! digrks

= Frsin 6 E] EVALUATE THE ANSWER

& Are the units correct? Force is measured in newtons,

* Does the sign make sense? Only the magnitude of the force needed to rotate
the wrench clockwise is calculated.
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Calculate the speed and orbital period of the satellite. 9O
‘ 1- Find the data ©
‘ H Height; 225 km . ORBITAL SPEED AND PERIOD Assume that a satellite orbits Earth 225 km above its surface.

Given that the mass of Earth is 5.97x10%* kg and the radius of Earth is 6.38x10®% m, what are
the satellite’s orbital speed and period?

me Earth's mass: 5.97 times 10%*.
ANALYZE AND SKETCH THE PROBLEM

re the radlus Of the Earth 638 tlmes 106 Sketch the situation showing the height of the satellite's orbit.

KNOWN UNKNOWN

v:>? h = 2.25%105 m v=1

e = 6.38x10°m T="7
T:? me = 5.97x10%* kg
) G = 6.67x10"" N-mZ/kg?
2- Find the orbital radius E SOLVE FOR ORBITAL SPEED AND PERIOD
Determine the orbital radius by adding the height of the satellite’s orbit to Earth’s radius.
r=re+h dm il

= 2.25x10°m + 6.38 m 108gn o SRt = 2 25X10° mand i = 6.38XICF m.
~solpptps://t.ege/1151n)]
r=660 0 o o B, {= kA6 = 6 67X Newd /.

me = 5.97TXI0° kg, and r= 6.60X I0F m.

B )J:E._ﬁ?xm-ﬂ N-m2/kg?){5.97 %1024 kg)
a 6.60%105 m

4- Find the periodic time (T) 3- Find the orbital (v) — ot

Solve for the period.

' e d (6.60x105 m)*
= 2% \/ (6.60x10 m)3 _\/(6.6?><10—" N-mZ2/kg?)(5.97 x1024 kg) (6.67x10~" N-m2/kg?){5.97x10?* kg)
l (6.67x10-" N-m2/kg?)(5.97x102* kg) = 560105 m I \/
= 534x103 s >< >

= 7.77x103 m/s N

15 h 4 89 min Lo, el This is approximately 89 min, or 1.5 h.

El EVALUATE THE ANSWER \
Are the units correct? The unit for speed is meters per second, and the unit for period is seconds.
N
AN N



Solve problems related to rotational variables . ¢f

.59 axdo - 4 Jlguwll A Question 3 - Page 59.

“ 3. If atruck has a linear acceleration of 1.85 m/s?
and the wheels have an angular acceleration of
5.23 rad/s?, what is the diameter of the truck’s
a. How does the linear acceleration of the trailer wheels

s

. The truck in the previous problem is towing a trailer
with wheels that have a diameter of 48 cm.

AR Skt / 15inil, "
L) g S uadl’ & L)) ZESL R 1m I
9 D o= O 48cm 9
o Aalall Jhaall gl y 5 hlall aall ¢ LT (3 o a=ro
e R 1.85 = X x 5.23 - shift solve ==
9 e Do g Aaaall Aoyl o i e 9 - =0.35
wi | o =523radsi— 48m '
- 0.24
"D s |, _a_Lesmis "1 2 = 9 035%x2=
—mmw Ay 0.24m
ol i o 81 5Bl Ul o G La 9 d=0.7m
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