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Doppler Effect



Gravity near the Earth’s surface
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Tangible: What springs to mind?
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Interactions

Vectors and scalars



Definition of velocity

Position update formula

Definition of momentum
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Momentum principle
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Conservation of momentum
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Gravitational force law
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Electric force law
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Spring force law
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Clicker Questions

Q1 A proton is at location <0, 3, -2> m. An electron is at
location < -1, 0, -6> m. What is the relative position vector
from the proton to the electron?

A)<-1,3.-8>m T _T
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B)<-1,-3,-4> AYa= elec p
<L3,4>m
D)<1,-3,8>m
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Q2 Consider a bee flying in a straight line with constant
speed. At time = 15 s after 9:00 AM, the bee’s position vector
was <2, 4, 0>m. At time = 15.5 s after 9:00 AM, the bee’s
position vector was < 3, 3.5, 0 > m. What is the velocity of the
bee?

== —_ _—
A)<0.129, -0.065, 0 > m/s V= o _ (f&:_‘fg
B) <0.133,-0.067, 0 > m/s AL é &
C)2.236 m/s £
D) < 0.500, -0.250, 0 > m/s
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Q3 At time 12.18 s after 1:30 PM a ball’s position vector is
<20, 8, -12 > m, and the ball’s velocity is <9, -4, 6 > m/s. At
time 12.21 s after 1:30 PM, what is the (vector) position of
the ball, assuming that the velocity hardly changes in this
short time interval?

A) - 7 - ?D‘ Y
) <20.27,7.88,-11.82>m FERt et
Oy <027,-0.12,0.18 >m
D) <129.62,-40.72,61.08 >m
E) <129.89,-40.84,61.26 >m




Q4

Which of these equations

correctly relates the average

velocity of an object to the
object’s initial and final
positions?

(That 1s, which could you use
to predict the final position of

an object if you knew 1its
initial position and average
velocity?)

B) Fo= ?"I, +‘l':m._u({.a _"j]




Q5

Which of the A. Nothing is interacting with the object
following can NOT | (it is in interstellar space, far from all
be true for an object = other objects).

moving in a straight ¢ object 1s experiencing a net
line at a constant '

speed? . The objectisexperiencing multiple
interactions, and these interactions add
up to zero.

D. The object has no net interaction with
the rest of the world.




Q6

Three protons travel
through space at three
different speeds.

Proton A: 290 m/s
Proton B: 2.9e6 m/s
Proton C: 2.9e& m/s

For which proton(s) is it
reasonable to use the
approximation ¥ = 1 when
calculating its momentum?

A 1
) A and B
C) Aand B and C
D) none of the protons




o7 QGOO{—-Z@ EQZM _ 0000) (*1'2079%

Suppose you are driving a 1000  A) 0 kg'm/s

kg car at 20 m/s in the +x B) 2.0e4 kg'm/s = -‘10000 LJz
direction. After making a 180 4.0e4 kg'm/s

degree turn, you drive the car at %

20 m/s in the —x (opposite) E) 8.0e4 kg'm/s 9 )‘T_
direction. What is the )
magnitude of the change of the X
momentum of the car |Ap| ?




Q8
Suppose you are driving a 1000 kg

AL

car at 20 m/s in the +x direction. B) 2.0e4 kg'm/s
After making a 180 degree turn, you  C) 4.0e4 kg'm/s
drive the car at 20 m/s in the —x D) 6.0e4 kg'm/s
(opposite) direction. What 1s the E) 8.0e4 kg:m/s

change of the magnitude of the
momentum of the car Ap| ?
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Q9) A spring has a length of 8 cm when relaxed, and a length of
10 cm when stretched by a force of 40 N. What 1s the stiffness &;
of this spring?

A)4 N/m

B) 5 N/m

C) 20 N/m

D) 400 N/m
) 2000 N/m



Q10) A spring has a length of 8 cm when relaxed, and a length
of 10 cm when stretched by a force of 40 N, so its stiffness £; is
2000 N/m. The spring is compressed to a length of 7 cm by an

unknown force. What is the magnitude of this force?
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C) 140 N
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