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P(147)

Explain the motion of horizontally launched projectiles, and
show schematically the components of velocity and
acceleration throughout the motion.

7. Initial Velocity Two baseballs are pitched horizontally from the same height but at different speeds. The faster ball crosses home

plate within the strike zone, but the slower ball is below the batter’'s knees. Why do the balls pass the batter at different heights?

The faster ball is in the air a shorter time, and thus gains a smaller '
vertical velocity.
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8. Free-Body Diagram An ice cube slides without friction across a table at a constant velocity. It slides off the table and lands on
the floor. Draw free-body and motion diagrams of the ice cube at two points on the table and at two points in the air.

Free-Body Diagrams Motion Diagrams

On the table In the air On the table In the air
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P(122
(122) 2. Define the friction force as a type of force between two

touching surfaces, and determine its direction.

— Kinetic friction is exerted on one surface by another when the two

surfaces rub against each other because one or both surfaces are
moving. |
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always any type of friction will be in the opposite direction SO Q=

Amm A

® -
Fstatnc friction Fyou on couch Fknnetlc fnctuon Fyou on couch

% The materials sliding past each
other and the normal force

between the two objects
affect friction forces.




P(128
(128) 3. Recall that for an object to be in equilibrium, the net force

acting on it should be zero.

- When the net force on an object is zero, the object is in equilibrium.
- the object will not accelerate because there is no net force acting on it; an

object in equilibrium moves with constant velocity.
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If Net Force is ZERO

Acceleration is ZERO /,,J
\ | Ad

. //
If Net Force is ZERO It .
will be EQUILIBRIUM

CONSTANT SPEED ORVELOCITY ——— }: :
THE ACCELERATION IS ZERO "




P(127
(127) 4. Solve problems related to friction

19. You want to move a 41-kg bookcase to a different place in the living room. If you push with a force
of 65 N and the bookcase accelerates at 0.12 m/s?, what is the coefficient of kinetic friction

between the bookcase and the carpet?

F-ma
Hy =
mg
65 N vy (41 kg)(0.1 2 mlsz) . . GRADE 9 ADVANCED .
- OSATERZE, o8 o 52 i i ps o s 5
(41 kg)(98 N/ kg) o E;ii7/t.me/senior2027
= 0.15

20. Consider the force pushing the box in Example Problem 4. How long would it take for the velocity

of the box to double to 2.0 m/s?

EXAMPLE Problem 4 rl'he initial velocity is 1.0 m/s, the final velocity is 2.0 m/s, and the acceleration is 2.0 m/sz, )

a= :let t; = 0 and solve for t;.

UNBALANCED FRICTION FORCES Imagine that the force you exert on the 25.0-kg box in Example t, -t
Problem 3 is doubled. i V,—V,
a
a. What is the resulting acceleration of the box? = 2.0 m/s? - 2.0mis-1.0mls
2.0 m/s?

b. How far will you push the box if you push it for 3 s? = 12 m =0.50s



P(120) 5. Determine the components of a vector in cartesian
coordinate system using trigonometry

EXAMPLE Problem 2

FINDING YOUR WAY HOME You are on a hike. Your camp is 15.0 km away, in the direction 40.0° Known A
north of west. The only path through the woods leads directly north. If you follow the path 5.0 km A = 5.0 km, due north
before it opens into a field, how far, and in what direction, would you have to walk to reach your R = 15.0 km, 40.0° north of west
camp? 0 = 140.0°
Find the components of R. 1 B =P A 2 3
X o0 B = \/B%TB%
Ry = RecosdO .
= =11. - 0. 40 0° (\L_< )
Lokt a0k = (Z115 km)? + (4.6 km)’ 7 e
= (15.0 km) cos 140.0° = —11.5km _
( ) = L2 ki 180.0° ~ 40.0° = 140.0°
= 11.5km By = Ry —A4y 4
= R'si g = tan™ i
f7 = ha = 9.64km—5.0km B,
: = 4.6 km
= (15.0 km) sin 140.0° e e 4.6 km
—11.5 km
= 9.64 km
= —=22° or 158°
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P(120)

5. Determine the components of a vector in cartesian
coordinate system using trigonometry

EXAMPLE Problem 2

FINDING YOUR WAY HOME You are on a hike. Your camp is 15.0 km away, in the direction 40.0°
north of west. The only path through the woods leads directly north. If you follow the path 5.0 km

camp?

Known

R

__ A =15.0km, due north
R = 15.0 km, 40.0° north of west
6 = 140.0°

1 Find the components of R.

R cos 6

(15.0 km) cos 140.0°
11.5 km

R sin @

(15.0 km) sin 140.0°
9.64 km

By

Rx _Ax 3

—11.5 km — 0.0 km

—~11.5km ‘ 0

Ry _AY

9.64 km — 5.0 km
4.6 km

= /B%+ B}

yjr! wlaaet

before it opens into a field, how far, and in what direction, would you have to walk to reach your

B

tan~! (—y)
By

— 4.6 km
—11.5 km

—22° or 158°

= /(=115 km)? + (4.6 km)’
= 12.4 km

)
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P(87)

6. Use free body diagrams to compare the direction
of an object’s acceleration with the direction of the | iuimesenozs
unbalanced force exerted on the object
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1. A skydiver falls downward through the air at constant
velocity. (The air exerts an upward force on the person.)

SOLUTION:

i ST p
27 “J Tw ‘ Fair resistance
’ ‘ on diver

/ | di=
) “ =
‘\\ 0% & ’, V‘a"‘o qut=0

~ -
P - v ‘

FEarth's mass
on diver

2. You hold a softball in the palm of your hand and toss it up.

Draw the diagrams while the ball is still touching your
hand.

SOLUTION:

Motion diagram Free-body diagram

Fhand on ball

| Foet |
S
FEarth's mass

on ball

time.

3. After the softball leaves your hand, it rises, slowing down.

SOLUTION:

Motion diagram

time | |

Free-body diagram

Fnet‘ l FEarth‘s mass

on ball

4. After the softball reaches its maximum height, it falls down,
speeding up.
SOLUTION:

Motion diagram

el -

Free-body diagram

FEarth's mass

S
o on ball



P(105) 7. Combine forces to find the net force acting on an

object Relate the direction of the acceleration to the
direction of the net force

; . GRADE 9 ADVANCED .
. . . . H . . . . . :jr/sz/ﬁ;?fiif/
34. Interaction Pair Identify each force acting on the ball and its interaction pair in Figure 20. :
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The forces on the ball are a downward force of gravity due to the mass of Earth
and the upward force of the hand. The force of the ball on Earth and the force
of the ball on the hand are the other halves of the interaction pairs.




P(105) 7. Combine forces to find the net force acting on an
object Relate the direction of the acceleration to the
direction of the net force

36. Tension A block hangs from the ceiling by a massless rope. A cnADE 9 ADvANCED

. . . 8, }’fzf’f’;‘iﬁ%?f 'ﬁd@ﬂ;“ﬁﬁ*ﬁi;“‘}éﬁmwiféefjﬁ
second block is attached to the first block and hangs below iton o

h_ttfepigsra:’7/t.me/senior2027
another piece of massless rope. If each of the two blocks has a
mass of 5.0 kg, what is the tension in the rope?

For the bottom rope with the For the top rope, with the
positive direction upward positive direction upward

Fnet'Fbottomropeonbottomblock- Fnet"Ftopropeontopblock-
F Earth’s mass on bottom block Foottom rope on top block

- IMNa = 0 FEarth’s mass on top block
=ma=0
F bottom rope on bottom block E
top rope on top block

= F ?
Earth’s mass on bottom block Y o D ——— top block +

o mg Fbottom rope on top block
= (5.0 kg)(9.8 N/kg) = Mg + Fotiom rope on top block
49 N = (5.0 kg)(9.8 N/’kg) + 49 N

=98 N

Skg

Skg



P(105) 7. Combine forces to find the net force acting on an
object Relate the direction of the acceleration to the
direction of the net force

37. Tension A block hangs from the ceiling by a massless rope. A

3.0-kg block is attached to the first block and hangs below it on . cRapE9AovanceD .
another piece of massless rope. The tension in the top rope is )R e s
63.0 N. Find the tension in the bottom rope and the mass of the hitps://t.me/senior2027
top block.
For the bottom rope with the For the top rope, with the
positive direction upward positive direction upward

F net = F bottom rope on bottom block ~

Fnet e Ftop rope on top block —

F bottom rope on top block ™

F Earth's mass on bottom block
FEarth‘s mass on top block

=ma=~0 =ma=0

FEarth’s mass on top block = mg

F bottom rope on bottom block

= F top rope on top block —

= F, Earth’s mass on bottom block . Fb°"°'“'°"°°"";: o
m = topropeontopblock_ bottom rope on top block
= (3.0 kg)(9.8 N/kg) 2
=29N 863.0N—29N
9.8 N/kg

- 3.5 kg



P(88) 8. Relate the direction of the acceleration to the
direction of the net force
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» The constant rate of change of velocity :.,| / b /2
means the acceleration is constant 520 // e

+ This constant acceleration is a result of the =& "™
constant unbalanced force applied by the 1 Tt

Acceleration v. Force

spring scale to the cart.

* The graph indicates the relationship
between force and acceleration is linear

* Acceleration is equal to the slope of the line
multiplied by the applied net force 2040808 10 12 14 16

Force (N)

N

Acceleration (m/s?)
o o
\.\
Q,

o

(01}
_\.
Y




P(121) 9. Resolve a vector into two orthogonal vectors in a
cartesian coordinate system.

11. Vectors Use Figure 9 for these questions.

b SOLUTION:
R.,— K.+ L.+ M, C

a. Find the components of vectors K, L, and M. i e e ST SOLUTION:

b. Find the sum of the three vectors. B :(;o N e 6.0 — (—4.0) = 10.0 to the right

R, — K, + L, + M,
c. Subtract vector K from vector L. — 0.0 + 0.0 + 5.0(sin 37°)

- 3.0

R—- JR>+R2

- +J6.02 + 3.02

ST 15 GRADE O ADVANCED .
4 R, OSATERZE, o8 o 52 i i ps o s 5
4 O &= tan =4 2 @ Telegram
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—tan '\ &
L
-_27°
R =6.7 at 27"~
Figure 9

a SOLUTION:
M)K =m cos 0
(5.0)(cos 37.0°)

4.0 to the right
M_ = m sin 0

= (5.0)(sin 37.0°) — 40
= 3.0 upward K=

SOLUTION:

Both vectors are horizontal, so they do not have any y-component.
K =-40,K =0 6.0

L, =6.0,L,=0 L >




P(121) 9. Resolve a vector into two orthogonal vectors in a
cartesian coordinate system.

- GRADE 9 ADVANCED .

* A plot of kinetic friction v. normal force for a R e
. o https://t.me/senior2027
block pulled along different surfaces shows a linear e
relationship between the two forces for each

Kinetic Friction Force v. Normal Force

4.5 -
surface. = 401 Rough table
< 3.5 | — Highly polished table
L -
* The slope of the line is/K. % 25 —
: : < 20 ——
the slope must be related to the magnitude of the resulting 2 sl | _—
° ° /0
friction force g 10— 4 P g
05| A —— S
0.0

O 1 2 3 4 5 6 7 8 9 10
Normal force (N)



P(125)

11. Apply the relationships that relate the normal force to maximum static
friction and to kinetic friction to calculate unknown parameters like
friction force, coefficient of friction or the normal force (Ff,static= u sN
and Ff,kinetic= u kN).

Fo
P
BALANCED FRICTION FORCES You push a 25.0-kg wooden box across a wooden floor at a constant speed of 1.0 m/s. The
coefficient of kinetic friction is 0.20. How large is the force that you exert on the box? ﬁ l
F N = F persononbox — HkF N E F ———
= = (0.20)(245N) f F

V 1

= —(25.0kg)(—9.8 N/kg) = @O N Bégines =2 == é |
B . L 4
= 4245 N Fpersononbox = 49 N, to the right +V/]\ a=0 m/s . ’:9

15. Gwen exerts a 36-N horizontal force as she pulls a 52-N sled across a cement sidewalk at constant speed. What is the + iy e

coefficient of kinetic friction between the sidewalk and the metal sled runners? Ignore air resistance.

1k = Fk/Fn -->36/52 = 0.69
16. Mr. Ames is dragging a box full of books from his office to his car. The box and books together have a combined weight of LS AL s it

134 N. If the coefficient of static friction between the pavement and the box is 0.55, how hard must Mr. Ames push T o

https://t.me/senior2027

horizontally on the box in order to start it moving?

Fs=usxFn-->0.55x134=74 N

Start moving = STATIC FRICTION
Constant speed = KINETIC FRICTION




P(96-97)

Your mass is 73.0 kg, and you are standing on a bathroom scale in an elevator. Starting from rest, the elevator accelerates
upward at 2.00 m/s” for 2.00 s and then continues at a constant speed. Is the scale reading during acceleration greater than,

12. Describe the apparent weight for an object accelerating
vertically upward or downward (starts from rest, reaches a constant
speed, then comes to a stop)

equal to, or less than the scale reading when the elevator is at rest?

I — I I l I 8 Llolis i it 1568 i ol 158 e a5l 1500 iamasd Lglal 5500y 35 S0
&/ OIS JUEGY
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=75(2+9.8) R
=885 N

<o o—p o—>

L

F. scale on
rider

f Fret
Fq



P(131) 12. Describe the apparent weight for an object accelerating
vertically upward or downward (starts from rest, reaches a constant
speed, then comes to a stop)

COMPONENTS OF WEIGHT FOR AN OBJECT ON AN INCLINE A 562-N crate is resting on a plane inclined 30.0° above the

| — 0
horizontal. Find the components of the crate’s weight that are parallel and perpendicular to the plane. 0 t d) = 270
0 = 270° - 30°
29. An ant climbs at a steady speed up the side of its anthill, which is inclined 30.0° from the vertical. Sketch a free-body
= 24(°

diagram for the ant.

SOLUTION:

Foe = Fg(cos 9)

A
1X

30.0 from the vertical

90-30 60.0 — = (562 N)(cos 240.0°)
3 - - . . GRADE O ADVANCED .
Fo OSTASEARE 1o o 152 g o ps it e i 5 = =281 N
i 3 o
https://t.me/senior2027
Foy = Fg(sin 6’)

31. Fernando, who has a mass of 43.0 kg, slides down the banister at his grandparents’ house. If the banister makes an angle
of 35.0° with the horizontal, what is the normal force between Fernando and the banister?

Fn= 7
Fn=mg cos (0)
43x9.8 cos (35) =345 N

(562 N)(sin 240.0°)

-487TN



P(116) 14. Determine the magnitude and direction of the resultant of two vectors in
two dimensions using trigonometry, the Pythagorean theorem (case of
perpendicular vectors), and the laws of sines and cosines.

FINDING THE MAGNITUDE OF THE SUM OF TWO VECTORS Find the magnitude of the sum of a 15-km displacement and

a 25-km displacement when the angle 8 between them is 90° and when the angle € between them is 135°.
R, = A% + B> —2AB(cos 6,)

R, = A*+B
R = /A% + B2 — 2AB (cos 6,)
R, = \/A2+82 -

= 1/(25 km)? + (15 km)* = 2(25 km) (15 k s 135°
i \/(25 km)? + (15 km)? V( s ) (25 km) (15 km) (cos )

= 29km — 37 km

1. You and your family are out for a drive. You drive 125.0 km due west, then turn due south and drive for another 65.0 km.
What is the magnitude of your displacement? Solve this problem both graphically and mathematically, and check your
answers against each other.

R =A%+ B

R- VA1 B 125.0 km
= (65.0km)? + (125.0km)*  65.0km
= 141 km

2. On a fine, sunny day, you and your siblings decide to go for a nearby hike. You walk 4.5 km in one direction, then make a

45° turn to the right and walk another 6.4 km. What is the magnitude of your displacement?
SOLUTION:

RP=A’+B’-2ABcos 6

R = JAZ + Bz — 2AB CcOoS a GR.ADI-S GRADE O ADVANCED .
O elpguyosl, 9 =S 58 = il 103 ianai Wl 1558
: . © Telegram
= /(4.5 km)? + (6.4 km)? — 2(4.5 km)(6.4 km)(cos 135°) https:/t.me/senior2027

=1.0x10" km



P(141-142 ) 15. Explain the motion of horizontally launched projectiles, and
show schematically the components of velocity and acceleration

ne object is moving in a downward parabolic path.
ne vertical component of velocity (Vy) is increasing.
ne horizontal component of velocity(Vx) is constant.
ne vertical component of acceleration (ay)= -9.8m/s2
ne horizontal component of acceleration (ax)=0 .

v
- o = o

GGGGG 9 ADVANCED .
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Writing Questions
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P(90)

16. Demonstrate by experiments that acceleration of an object is directly proportional
to the force applied and inversely proportional to the mass of the object State
Newton’s second law of motion and write it in equation form (a=Fnet/m)

* The net force acting on an object is the vector sum of all the forces acting on that object

 Newton’s second law states that the acceleration of an object is proportional to the net
force and inversely proportional to the mass of the object being accelerated.

11. CHALLENGE Two horizontal forces are exerted on a large crate. The first force is 317 N to the right. The second force is
173 N to the left.

a. Draw a force diagram for the horizontal forces acting on the crate.
b. What is the net force acting on the crate?

c. The box is initially at rest. Five seconds later, its velocity is 6.5 m/s to the right. What is the crate’s mass?

Flnd a. ? e ‘ ’ ot GRADE 9 ADVANCED .

9 7 PR VYT 158 (i ol 18 e a gl 1580 Jiani Ledal 5508 35 S
B/ ST f HI

a=v/t->65/5=1.3m/s2 173 N 371 N B o

htt@ﬁ//t.me/ianior2027

Find m ? Fnet = F1+ F2

m=Fnet/a-->144 /1.3 = 110.8kg 371 - 173 =144



P(113)

16. Demonstrate by experiments that acceleration of an object is directly proportional
to the force applied and inversely proportional to the mass of the object State
Newton’s second law of motion and write it in equation form (a=Fnet/m)

33. Consider the crate on the incline in Example Problem 5. Calculate the magnitude of the acceleration. After 4.00 s, how fast

will the crate be moving?
F

Q= —
m

Fg sin &
m

mg sin &
m

=g sin &
= (9.8 N/kg)(sin 30.0°)
= 4.90 m/s?

V., — V.
W =2 S

tf —ti

letv;=¢=0.

Solve for vs.

Vi= aly GRADE O ADVANCED .
2 A ey SRADE “i T 5158 e ] I it Lelal g0 g 0
= (4.90 m/s")(4.00 s) QHduaned e S iy s
: W
=19.6 m/s https:/t.me/senior2027

37. Acceleration A rope pulls a 63-kg water skier up a 14.0° incline with a tension of 512 N. The coefficient of kinetic friction
between the skier and the ramp is 0.27. What are the magnitude and direction of the skier’s acceleration?

Fy=mgcos @
Fropeonskier‘Fg‘Ffzma

f

Frope on skier — mg sin 6- “kmg cos f=ma

=

rope on skier

-mg sin@-y mg cos @

a=
m

~ 512N-(63 kg)(9.8 Nikg)(sin 14.0°) - (0.27)(63 kg)(9.8 Nikg)(cos 14.0°)

63 kg

= 3.2 m/s’, up the incline




P(103) | 18. List the characteristics of the interaction pair and identify the action-reaction
pairs for different situations

 The action and reaction forces have the same
magnitude. 2

» They are opposite to each other. <10 -lF
T (bottom on top)

\ A

,' f\ ‘l T (top on bottom)
' o

* These two forces, act on different objects ; therefore, the
two forces do not cancel each other .
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P(104) |19. Apply Newton's laws to solve problems involving normal and tension forces
including systems of objects connected by strings and Atwood’s machine

A 50.0-kg bucket is being lifted by a rope. The rope will not break if the tension is 323 N or less. The bucket started at rest,
and after being lifted 3.0 m, it moves at 3.0 m/s. If the acceleration is constant, is the rope in danger of breaking?

KNOWN UNKNOWN Foee = F1 + (—Fg)
m = 500 kg Vi = 30 m/s F ] FT = Fnet +Fg = ma -+ mg
T=:
vi = 0.0 m/s d = 30m Vi, V5, and d are known.
sz = v + 2ad
sz — Viz Vf2
a — —
2d 2d

Fr = ma+ mg

2
=m L +=m

(3.0 m/s)?
2(3.0m)

GRADE 9 ADVANCED

DILASERDEL 08 i 152 e a3 s el e s 5 = (L) (
(4] ,
https://t.me/senior2027 — 560 N

) + (50.0 kg) (9.8 N/kg)




P(144)

20. Explain the motion of projectiles launched at an angle with the horizontal, and
show schematically the components of velocity and acceleration throughout the
motion.

A SLIDING PLATE You are preparing breakfast and slide a plate on the countertop. Unfortunately, you slide it too fast, and it

flies off the end of the countertop. If the countertop is 1.05 m above the floor and the plate leaves the top at (.74 m/s, how

long does 1t take to fall, and how far from the end of the counter does it land?

. 1 2 Begin > —>0—>
e =Yi+ ant § Vy
i 2 (yr — i) \%' ax =0
ay
Y
\/2(—1.05m — 0O m) | ’ lav +y1
= 5 = (0.46 s
9.8 m/s Yy
>
V +X

GRADE 9 ADVANCED .
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P(144) | 20. Explain the motion of projectiles launched at an angle with the horizontal, and
show schematically the components of velocity and acceleration throughout the
motion.

1. You throw a stone horizontally at a speed of 5.0 m/s from the top of a cliff that is 78.4 m high.
a. How long does it take the stone to reach the bottom of the cliff?
b. How far from the base of the cliff does the stone hit the ground?

¢. What are the horizontal and vertical components of the stone’s velocity just before it hits the ground?

a b C
4 : c )
Cyf=(yi)+(viy)+(1/2)(@)(tf) | | xf= vix tf +xi Vi=vi+at
0=78.4+0+1/2-9.8xtf xf-xi = (vix) (tf) vyf = viy + (a)(t)
t=4.00s ] (=5x4=20 | |=0-9.8x4
: GRADE 9 ADVANCED -39 .2
: COSEARE, s 5 o d s g k /

)
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P(144) | 20. Explain the motion of projectiles launched at an angle with the horizontal, and
show schematically the components of velocity and acceleration throughout the
motion.

2. Lucy and her friend are working at an assembly plant making wooden toy giraffes. At the end of the line, the giraffes go
horizontally off the edge of a conveyor belt and fall into a box below. If the box is (.60 m below the level of the conveyor

helt and (.40 m away from it, what must be the horizontal velocity of giraffes as they leave the conveyor belt?

X=VI=V, _sz
SO Vv, = -
—2y
g
- 0.4m
GRADE 9 ADVANCED - (—2)(—0.6 m)
9.80 m/s?

GRADE s . o s % - " é : .
y ‘/(J,/nr/wgré 1508 i 5 158 e a1 Saad Lelal 3 ey g S

https:/t.me/senior2027 1m/s




