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A robotic vehicle, or rover, is exploring the surface of Mars. The stationary Mars lander is

the origin of coordinates, and the surrounding Martian surface lies in the zy-plane. The

rover, which we represent as a point, has #- and y-coordinates that vary with time:

z=2.0m — (0.25 m/s?)#
y = (1.0 m/s)t + (0.025m/s*)¢3

(a) Find the rover's coordinates and distance from the lander at t = 2.0 s. (b) Find the rover’s
displacement and average velocity vectors for the interval £ = 0.0s to ¢ = 2.0 s. (c) Find a
general expression for the rover’s instantaneous velocity vector ©. Express U at £ = 2.0 s in

component form and in terms of magnitude and direction.
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A robotic vehicle, or rover, is exploring the surface of Mars. The stationary Mars lander is

the origin of coordinates, and the surrounding Martian surface lies in the zy-plane. The
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A robotic vehicle, or rover, is exploring the surface of Mars. The stationary Mars lander is

the origin of coordinates, and the surrounding Martian surface lies in the zy-plane. The

rover, which we represent as a point, has x- and y-cmrdmayﬁry with time:
z=2.0m — (0.25 m/s?)#

y = (1.0 m/s)t + (0.025m/s*)¢* /

(a) Find the rover's coordinates and distance from the lander at t = 2.0 s. (b) Find the rover’s
displacement and average velocity vectors for the interval £ = 0.0s to ¢ = 2.0 s. (c) Find a
general expression for the rover’s instantaneous velocity vector ©. Express U at £ = 2.0 s in

component form and in terms of magnitude and direction.
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(a) Find the rover's coordinates and distance from the lander at t = 2.0 s. (b) Find the rover’s
displacement and average velocity vectors for the interval £ = 0.0s to ¢ = 2.0s. (¢) Find a
general expression for the rover’s instantaneous velocity vector . Express © att = 2.0 s in

component form and in terms of magnitude and direction. 64
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(a) Find the rover's coordinates and distance from the lander at t = 2.0 s. (b) Find the rover’s
displacement and average velocity vectors for the interval £ = 0.0s to ¢ = 2.0s. (¢) Find a
general expression for the rover’s instantaneous velocity vector v. Express © at £ = 2.0 s in

component form and in terms of magnitude and direction.
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(a) Find the rover's coordinates and distance from the lander at t = 2.0 s. (b) Find the rover’s
displacement and average velocity vectors for the interval £ = 0.0s to ¢ = 2.0s. (¢) Find a
general expression for the rover’s instantaneous velocity vector v. Express © at £ = 2.0 s in

component form and in terms of magnitude and direction.
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(a) Find the rover's coordinates and distance from the lander at t = 2.0 s. (b) Find the rover’s
displacement and average velocity vectors for the interval £ = 0.0s to ¢ = 2.0s. (¢) Find a
general expression for the rover’s instantaneous velocity vector v. Express © at £ = 2.0 s in

component form and in terms of magnitude and direction.
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(a) Find the rover's coordinates and distance from the lander at t = 2.0 s. (b) Find the rover’s
displacement and average velocity vectors for the interval £ = 0.0s to ¢ = 2.0s. (¢) Find a
general expression for the rover’s instantaneous velocity vector v. Express © at £ = 2.0 s in

component form and in terms of magnitude and direction.
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(a) Find the rover's coordinates and distance from the lander at t = 2.0 s. (b) Find the rover’s
displacement and average velocity vectors for the interval £ = 0.0s to ¢ = 2.0s. (¢) Find a
general expression for the rover’s instantaneous velocity vector v. Express © at £ = 2.0 s in

component form and in terms of magnitude and direction.
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(a) Find the rover's coordinates and distance from the lander at t = 2.0 s. (b) Find the rover’s
displacement and average velocity vectors for the interval £ = 0.0s to ¢ = 2.0s. (¢) Find a
general expression for the rover’s instantaneous velocity vector v. Express © at £ = 2.0 s in

component form and in terms of magnitude and direction.
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(a) Find the rover's coordinates and distance from the lander at t = 2.0 s. (b) Find the rover’s
displacement and average velocity vectors for the interval £ = 0.0s to ¢ = 2.0s. (¢) Find a
general expression for the rover’s instantaneous velocity vector v. Express © at £ = 2.0 s in

component form and in terms of magnitude and direction.
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(a) Find the rover's coordinates and distance from the lander at t = 2.0 s. (b) Find the rover’s
displacement and average velocity vectors for the interval £ = 0.0s to ¢ = 2.0s. (¢) Find a
general expression for the rover’s instantaneous velocity vector v. Express © at £ = 2.0 s in

component form and in terms of magnitude and direction.
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(a) Find the rover's coordinates and distance from the lander at t = 2.0 s. (b) Find the rover’s
displacement and average velocity vectors for the interval £ = 0.0s to ¢ = 2.0s. (¢) Find a

general expression for the rover’s instantaneous velocity vector v. Express © at £ = 2.0 s in

component form and in terms of magnitude and direction.
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general expression for the rover’s instantaneous velocity vector v. Express © at £ = 2.0 s in

component form and in terms of magnitude and direction.
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(a) Find the rover's.e00 distance from the lander at t = 2.0 s. (b) Find the rover's

- 7-.— __‘.ﬁ\
displacement anc verage tors for the interval t = 0.0sto ¢ = 2.0s. (c) Find a
general expression YeEINEFever s instantaneous velocity vector ©. Express v at £ = 2.0 s in

component form and in terms of magnitude and direction.
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(a) Find the rover's.e00 distance from the lander at t = 2.0 s. (b) Find the rover's
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displacement anc verage tors for the interval t = 0.0sto ¢ = 2.0s. (c) Find a
general expression YeEINEFever s instantaneous velocity vector ©. Express v at £ = 2.0 s in

component form and in terms of magnitude and direction.
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(a) Find the rover's.e00 distance from the lander at t = 2.0 s. (b) Find the rover's
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displacement anc verage tors for the interval t = 0.0sto ¢ = 2.0s. (c) Find a
general expression YeEINEFever s instantaneous velocity vector ©. Express v at £ = 2.0 s in

component form and in terms of magnitude and direction.
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(a) Find the rover's.e00 distance from the lander at t = 2.0 s. (b) Find the rover's

- 7-.— __‘.ﬁ\
displacement anc verage tors for the interval t = 0.0sto ¢ = 2.0s. (c) Find a
general expression YeEINEFever s instantaneous velocity vector ©. Express v at £ = 2.0 s in

component form and in terms of magnitude and direction.
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(a) Find the rover's coordinates and distance from the lander at t = 2.0 s. (b) Find the rover’s
displacement and average velocity vectors for the interval £ = 0.0s to ¢ = 2.0s. (c¢) Find a
general expression for the rover’s instantaneous velocity vector . Express © att = 2.0 s in

component form and in terms of magnitude and direction. 32
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(a) Find the rover's coordinates and distance from the lander at t = 2.0 s. (b) Find the rover’s
displacement and average velocity vectors for the interval £ = 0.0s to ¢ = 2.0s. (c¢) Find a
general expression for the rover’s instantaneous velocity vector v. Express © at £ = 2.0 s in

component form and in terms of magnitude and direction.
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(a) Find the rover's coordinates and distance from the lander at t = 2.0 s. (b) Find the rover’s
displacement and average velocity vectors for the interval £ = 0.0s to ¢ = 2.0s. (c¢) Find a
general expression for the rover’s instantaneous velocity vector v. Express © at £ = 2.0 s in

component form and in terms of magnitude and direction.
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general expression for the rover’s instantaneous velocity vector v. Express © at £ = 2.0 s in
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(a) Find the rover's coordinates and distance from the lander at t = 2.0 s. (b) Find the rover’s
displacement and average velocity vectors for the interval £ = 0.0s to ¢ = 2.0s. (c¢) Find a
general expression for the rover’s instantaneous velocity vector v. Express © at £ = 2.0 s in

component form and in terms of magnitude and direction.
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(a) Find the rover's coordinates and distance from the lander at t = 2.0 s. (b) Find the rover’s
displacement and average velocity vectors for the interval £ = 0.0s to ¢ = 2.0s. (c¢) Find a

general expression for the rover’s instantaneous velocity vector v. Express © at £ = 2.0 s in

component form and in terms of magnitude and direction.
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(a) Find the rover's coordinates and distance from the lander at t = 2.0 s. (b) Find the rover’s
displacement and average velocity vectors for the interval £ = 0.0s to ¢ = 2.0s. (c¢) Find a

general expression for the rover’s instantaneous velocity vector v. Express © at £ = 2.0 s in

component form and in terms of magnitude and direction.
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(a) Find the rover's coordinates and distance from the lander at t = 2.0 s. (b) Find the rover’s
displacement and average velocity vectors for the interval £ = 0.0s to ¢ = 2.0s. (c¢) Find a

general expression for the rover’s instantaneous velocity vector v. Express © at £ = 2.0 s in

component form and in terms of magnitude and direction.




(a) Find the rover's coordinates and distance from the lander at t = 2.0 s. (b) Find the rover’s

displacement and average velocity vectors for the interval £ = 0.0s to ¢ = 2.0s. (c¢) Find a

for the rover's instantaneous velocity vector . Express U at £ = 2.0 s in

in terms of magnitude and direction.
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(a) Find the rover's coordinates and distance from the lander at t = 2.0 s. (b) Find the rover’s

displacement and average velocity vectors for the interval £ = 0.0s to ¢ = 2.0s. (c¢) Find a

for the rover's instantaneous velocity vector . Express U at £ = 2.0 s in

in terms of magnitude and direction.
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(a) Find the rover's coordinates and distance from the lander at t = 2.0 s. (b) Find the rover’s

displacement and average velocity vectors for the interval £ = 0.0s to ¢ = 2.0s. (c¢) Find a

for the rover's instantaneous velocity vector . Express U at £ = 2.0 s in

in terms of magnitude and direction.
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(a) Find the rover's coordinates and distance from the lander at t = 2.0 s. (b) Find the rover’s

displacement and average velocity vectors for the interval £ = 0.0s to ¢ = 2.0s. (c¢) Find a

ofneral expre for the rover's instantaneous velocity vector ©. Express v att = 2.0 8 in

(gmponenttom 8

in terms of magnitude and direction.
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(a) Find the rover's coordinates and distance from the lander at t = 2.0 s. (b) Find the rover’s

displacement and average velocity vectors for the interval £ = 0.0s to ¢ = 2.0s. (c¢) Find a

for the rover's instantaneous velocity vector ©. Express v att = 2.0 s in

mpone in terms of magnitude and direction.
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(a) Find the rover's coordinates and distance from the lander at t = 2.0 s. (b) Find the rover’s

displacement and average velocity vectors for the interval £ = 0.0s to ¢ = 2.0s. (c¢) Find a

for the rover's instantaneous velocity vector ©. Express v att = 2.0 s in

mpone in terms of magnitude and direction. 97
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(a) Find the rover's coordinates and distance from the lander at t = 2.0 s. (b) Find the rover’s

displacement and average velocity vectors for the interval £ = 0.0s to ¢ = 2.0s. (c¢) Find a

general expression for the geere ector U. Express U att = 2.0s in

component form and iR\terms of magnitude and direction.

98




do ed=-1%F V(e =13% =
| V(s = [ W(e* + V2%

(a) Find the rover's coordinates and distance from the lander at t = 2.0 s. (b) Find the rover’s

displacement and average velocity vectors for the interval £ = 0.0s to ¢ = 2.0s. (c¢) Find a

general expression for the geere Meigsector U. Express v att = 2.0 s in

component form and iR\terms of magnitude and direction.
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(a) Find the rover's coordinates and distance from the lander at t = 2.0 s. (b) Find the rover’s

displacement and average velocity vectors for the interval £ = 0.0s to ¢ = 2.0s. (c¢) Find a

general expression for the geere Meigsector U. Express v att = 2.0 s in

component form and iR\terms of magnitude and direction.
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(a) Find the rover's coordinates and distance from the lander at t = 2.0 s. (b) Find the rover’s

displacement and average velocity vectors for the interval £ = 0.0s to ¢ = 2.0s. (c¢) Find a

general expression for the geere Meigsector U. Express v att = 2.0 s in

component form and iR\terms of magnitude and direction.
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(a) Find the rover's coordinates and distance from the lander at t = 2.0 s. (b) Find the rover’s

displacement and average velocity vectors for the interval £ = 0.0s to ¢ = 2.0s. (c¢) Find a

general expression for the geere Meigsector U. Express v att = 2.0 s in

component form and iR\terms of magnitude and direction.
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(a) Find the rover's coordinates and distance from the lander at t = 2.0 s. (b) Find the rover’s

displacement and average velocity vectors for the interval £ = 0.0s to ¢ = 2.0s. (c¢) Find a

general expression for the geere Meigsector U. Express v att = 2.0 s in

component form and iR\terms of magnitude and direction.
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(a) Find the rover's coordinates and distance from the lander at t = 2.0 s. (b) Find the rover’s

displacement and average velocity vectors for the interval £ = 0.0s to ¢ = 2.0s. (c¢) Find a

general expression for the geere Meigsector U. Express v att = 2.0 s in

component form and iR\terms of magnitude and direction.
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(a) Find the rover's coordinates and distance from the lander at t = 2.0 s. (b) Find the rover’s

displacement and average velocity vectors for the interval £ = 0.0s to ¢ = 2.0s. (c¢) Find a

general expression for the geere Meigsector U. Express v att = 2.0 s in

component form and iR\terms of magnitude and direction.
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(a) Find the rover's coordinates and distance from the lander at t = 2.0 s. (b) Find the rover’s

displacement and average velocity vectors for the interval £ = 0.0s to ¢ = 2.0s. (c¢) Find a

general expression for the geere Meigsector U. Express v att = 2.0 s in

component form and iR\terms of magnitude and direction.
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(a) Find the rover's coordinates and distance from the lander at t = 2.0 s. (b) Find the rover’s

displacement and average velocity vectors for the interval £ = 0.0s to ¢ = 2.0s. (c¢) Find a

general expression for the geere

component form and iR\terms of magnitude and direction.

Meigsector U. Express v att = 2.0 s in
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(a) Find the rover's coordinates and distance from the lander at t = 2.0 s. (b) Find the rover’s

displacement and average velocity vectors for the interval £ = 0.0s to ¢ = 2.0s. (c¢) Find a

general expression for the ge®T s instantaneous ve ector v. Expressvatt =2.0sin

component form and iR\terms of magnitude and direction.
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(a) Find the rover's coordinates and distance from the lander at t = 2.0 s. (b) Find the rover’s

displacement and average velocity vectors for the interval £ = 0.0s to ¢ = 2.0s. (c¢) Find a

general expression for the ge®T s instantaneous ve ector v. Expressvatt =2.0sin

component form and iR\terms of magnitude and direction.
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(a) Find the rover's coordinates and distance from the lander at t = 2.0 s. (b) Find the rover’s

displacement and average velocity vectors for the interval £ = 0.0s to ¢ = 2.0s. (c¢) Find a

general expression for the ge®T s instantaneous ve ector v. Expressvatt =2.0sin

component form and iR\terms of magnitude and direction.
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(a) Find the rover's coordinates and distance from the lander at t = 2.0 s. (b) Find the rover’s

displacement and average velocity vectors for the interval £ = 0.0s to ¢ = 2.0s. (c¢) Find a

general expression for the ge®T s instantaneous ve ector v. Expressvatt =2.0sin

component form and iR\terms of magnitude and direction.
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(a) Find the rover's coordinates and distance from the lander at t = 2.0 s. (b) Find the rover’s

displacement and average velocity vectors for the interval £ = 0.0s to ¢ = 2.0s. (c¢) Find a

general expression for the ge®T s instantaneous ve ector v. Expressvatt =2.0sin

component form and iR\terms of magnitude and direction. 112




(a) Find the rover's coordinates and distance from the lander at t = 2.0 s. (b) Find the rover’s

displacement and average velocity vectors for the interval £ = 0.0s to ¢ = 2.0s. (c¢) Find a

general expression for the ge®T s instantaneous ve ector v. Expressvatt =2.0sin

component form and iR\terms of magnitude and direction.
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’ This car accelerates by slowing

while rounding a curve. (Its
instantaneous velocity changes in
P, both magnitude and direction.)
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To find the car’s average acceleration between
P, and P,, we first find the change in velocity
Av by subtracting v from v,. (Notice that

v, + AU = 0,.)

’ This car accelerates by slowing
while rounding a curve. (Its
instantaneous velocity changes in
P, both magnitude and direction.)
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’ This car accelerates by slowing
while rounding a curve. (Its
instantaneous velocity changes in
P, both magnitude and direction.)

To find the car’s average acceleration between
P, and P,, we first find the change in velocity ;
AU by subtracting v, from v,. (Notice that The average acceleration has the same direction
U, + Av = 0,.) as the change in velocity, Av.
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(a) Acceleration: curved trajectory

To find the instantaneous

acceleration
SR 2
aatpP,
.. we take the limit of @,
.
. as P, approaches P, ...

-

,7 ... meaning that Av and At
approach 0.

a=lim =" Av
/ At—0 ._\t

- Acceleration points to

concave side of path. 120
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(a) Acceleration: curved trajectory

To find the instantaneous

acceleration P,

aatP, = Only 1f the trajectory 1s _-7
.. we take the limit of @, a straight line ... U
.. as P, approaches P,
Pz
Av
= lim —
S A—0 A
o . 1s the acceleration

) : tangent to the trajectory
,7 ... meaning that Av and Af - J -

approach 0.

a=lim =" Av
/ At—0 _\r

- Acceleration points to

concave side of path. 121
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