Exercise walk-through

Reference Frames and Relative
Motion

AP Physics 1



Kinematics

L Reference frames

Reference frames and relative motion

A reference frame is what you you, on the train
treat as fixed while measuring. Motion is —> +1.5
relative to it. > 30

Add velocities as vectors train

v =V + v
A/C A/B B/C +31.5m/s relative to the ground



Reference frames, and free fall

kinematics describes how objects move, without asking why
a scalar size only — distance, speed, time
a vector size and direction — displacement, velocity, acceleration

. Ax/At over an interval; instantaneous velocity is the value at one mo-
average velocity

ment
B at the highest point the velocity is momentarily zero, while a = —g =
ree fa —9.8 m/s? throughout
an inertial reference one that is not accelerating — in it, a free object obeys Newton'’s first
frame law

Zero velocity does not mean zero acceleration. The top of a throw is the standard case, and
it is asked almost every year.



AP Physics 1

Exercises 2.1:2.3

2.1 A boat moves at +4.0 m s~! relative to the water; the water flows at +1.0 m s~}

relative to the bank. Find the boat’s velocity relative to the bank. 1]

2.2 A car moves at +20 m s~! relative to the road. Find the road’s velocity relative to
the car. [1]

2.3 Two cars drive directly toward each other, each at 15 m s~! relative to the road. Find
the velocity of one car relative to the other. 2]



AP Physics 1

Exercises 2.1:2.3

2.1 A boat moves at +4.0 m s~! relative to the water; the water flows at +1.0 m s~}

relative to the bank. Find the boat’s velocity relative to the bank. 1]

2.1

e +404+1.0=4+5.0m s !

2.2 A car moves at +20 m s~! relative to the road. Find the road’s velocity relative to
the car. [1]

2.2

e —20m s !

2.3 Two cars drive directly toward each other, each at 15 m s~! relative to the road. Find
the velocity of one car relative to the other. 2]

2.3

o Take one car as +15 and the other as —15; relative velocity = (+15) — (—15) =
30 m s~ !, closing
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Exercises 2.4-3.1

2.4 Explain why two observers in different inertial frames measure the same acceleration
for one object. 2]

3.1 Quantities that depend on the reference frame include 1]

D A velocity but not acceleration
B acceleration but not velocity
C both velocity and acceleration
D neither velocity nor acceleration



AP Physics 1

Exercises 2.4-3.1

2.4 Explain why two observers in different inertial frames measure the same acceleration
for one object. 2]

24

o Their relative velocity is constant, so their measured velocities differ by a constant
amount; the rate of change of velocity — the acceleration — is therefore the same

3.1 Quantities that depend on the reference frame include 1]

D A velocity but not acceleration
B acceleration but not velocity
C both velocity and acceleration
D neither velocity nor acceleration

3.1A

« velocity but not acceleration.
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Exercise 3.2

3.2 A person walks at 1.5 m s™! toward the back of a bus moving forward at 12 m s 1.

The person’s velocity relative to the ground is [1]

D A 13.5 m s~ ! forward
B 10.5 m s~! forward
C 1.5 m s~! backward

D 12 m s~! forward
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Exercise 3.2

3.2 A person walks at 1.5 m s™! toward the back of a bus moving forward at 12 m s 1.

The person’s velocity relative to the ground is [1]

D A 13.5 m s~ ! forward
B 10.5 m s~! forward
C 1.5 m s~! backward

D 12 m s~! forward

3.2 B
e 124 (—1.5) =10.5 m s~! forward
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Exercise 3.3 (a)

3.3 A plane flies at 200 m s™! east relative to the air. A wind blows relative to the
ground.

(a) Find the plane’s ground velocity if the wind blows at 30 m s™! east. (1]
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Exercise 3.3 (a)

3.3 A plane flies at 200 m s™! east relative to the air. A wind blows relative to the
ground.

(a) Find the plane’s ground velocity if the wind blows at 30 m s™! east. (1]

(a)
e 200+ 30 =230 m s~ ! east
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Exercise 3.3 (b)

3.3 A plane flies at 200 m s™! east relative to the air. A wind blows relative to the
ground.

1

(b) State its ground velocity if the wind instead blows 30 m s™" west. 1]
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Exercise 3.3 (b)

3.3 A plane flies at 200 m s™! east relative to the air. A wind blows relative to the
ground.

(b) State its ground velocity if the wind instead blows 30 m s~

(b)
e 200 —30 =170 m s~ east

west. 1]



