
1-Dimensional Motion General Physics I

1-Dimensional Motion

General Physics I

One of the first things we learn in physics is how to simply describe the motion of a particle in terms of a few

basic ideas. Here, we will not go through the derivations of the ideas that we derive in class, but will instead use

these ideas to solve problems.

The first thing to remember is that the motion of any particle can be completely described by the particles’

position, velocity, and acceleration. To relate these quantities, we have the following formulae:

v = v0 + at (1)

x = x0 + v0t +
1

2
at2 (2)

v2 = v20 + 2a(x− x0) (3)

In the following problem, we will develop a few techniques for solving 1-dimensional motion problems. In general,

these techniques can be applied to a plethora of other physics problems.

Problem

A lunar lander is making its descent to Moon Base 1. The lander descends slowly under the retro-thrust of its descent

engine. The engine is cut off when the lander is 5.0 m above the surface and has a downward speed of 0.8 m/s.

With the engine off, the lander is in free-fall. What is the speed of the lander just before it touches the surface of

the moon? The acceleration due to gravity on the moon is 1.6 m/s2.

Solution

Wow, that’s a lot of information! One of the things we will do is develop a general method of organizing our

information. But, before we even do that, it is a good idea to draw a picture of what’s going on. This is one of the

best things we can do to help us solve a problem. The first thing we should do is establish an appropriate coordinate

system. I like to set the origin of our system at the initial position of our particle, and have the positive direction of

our coordinate system in the initial direction of the motion. Under this schema, we can create the following picture:
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Moons Surface, x = 5

Lander, x = 0

Notice that since we chose the coordinate system to be positive in the direction of motion, all velocities will

be positive. Furthermore, because our coordinate system is in the direction of the acceleration due to gravity,

acceleration is positive (please note that this will not always be the case). Thus, we now know the signs of all of our

variables.

The next thing to do is to organize all of this information in a way that is easy to analyze. The best way to do

this is to build a table, like the one below:

x0

x

v0

v

a

t

Into this table, we will place all of our know information. In this case, we know that x0 = 0 m, x = 5, o m,

v0 = 0.8 m/s and a = 1.6 m/s2. Thus, our table will now become:

x0 0 m

x 5.0 m

v0 0.8 m/s2

v

a 1.6 m/s2

t

OK, so now we need to calculate the velocity of the lander just before it makes contact with the surface. This is

equivalent to filling in the v in our table.

WARNING: Do not make the mistake of assuming that the velocity is 0 when the particle hits the surface. What

we actually want is the velocity just before it touches the surface.
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So we need to find a way to calculate v. Well, we know all of the variables except velocity and time. If you look

at the formulas given at the beginning, you will notice that formula (3) manages to avoid needing t. Thus, if we

substitute our known information into (3), we obtain

v2 = v20 + 2a(x− x0)

= (0.8)2 + 2(1.6)(5.0 − 0)

= 16.64 m2/s2

Taking the square root, we obtain v = ±4.08 m/s. But, remember that due to the choice of our coordinate

system, all velocities will be positive. Thus, the velocity of the lander just before it touches the surface of the moon

is 4.08 m/s .

For the sake of completion, let’s try to find the amount of time it takes the lander to touch down. If you look

back at our formulas, you will see that both (1) and (2) seem like good candidates. However, if you look at (2),

notice that in order to solve this equation for t, you will have to use the quadratic formula. My recommendation is

that you avoid using (2) to calculate time at all costs. People tend to make too many mistakes when they try that.

Thus, we will use (1). If we solve this equation for t, we obtain t =
v − v0

a
. Substituting in our data yields

t =
v − v0

a

=
4.08 − 0.8

1.6

= 2.5 s

Thus, it takes 2.5 s for the lander to touch down. Our chart now looks like this:

x0 0 m

x 5.0 m

v0 0.8 m/s2

v 4.08 m/s

a 1.6 m/s2

t 2.5 s
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Remarks

Drawing a picture and organizing our information are the two most crucial things we can do in physics to help us

solve a problem. Remember to choose a good coordinate system and, from there, determine the signs of your data.

Finally, once you have your chart filled in, begin looking at your known formulas to try to find a way to fill in your

missing information. Don’t worry if it involves you having to calculate the other values in the table; this is perfectly

fine.

Further Problems

1. A large boulder is ejected vertically upward from a volcano with an initial speed of 40.0 m/s. Air resistance

may be ignored.

(a) At what time after being ejected is the boulder moving at 20.0 m/s upward?

(b) At what time is it moving at 20.0 m/s downward?

(c) When is the displacement of the boulder from its initial position 0?

(d) When is the velocity of the boulder 0?

2. You are on the roof of the physics building, 46.0 m above the ground. Your physics professor, who is 1.80 m

tall, is walking alongside the building at a constant speed of 1.20 m/s. If you wish to drop an egg on your

professor’s head, where should the professor be when you release the egg?

3. An automobile and a truck start from rest at the same instant, with the automobile initially at some distance

behind the truck. The truck has a constant acceleration of 2.10 m/s2, and the automobile has an acceleration

of 3.40 m/s2. The automobile overtakes the truck after the truck has moved 40.0 m.

(a) How much time does it take the automobile to overtake the truck?

(b) How far was the automobile behind the truck initially?

(c) What is the speed of each when they are abreast?

4.

5. Determined to test the law of gravity for himself, a student walks off a skyscraper 180 m high, stopwatch in

hand, and starts his free fall (zero initial velocity). Five seconds later, Superman arrives at the scene and dives

off the roof to save the student.
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(a) Superman leaves the roof with an initial speed v0 that he produces by pushing himself downward from the

edge of the roof with his legs of steel. He then falls with the same acceleration as any freely falling body.

What must be the value of v0 so that Superman catches the student just before the ground is reached?

(b) If the height of the skyscraper is less than some minimum value, even Superman can’t reach the student

before he hits the ground. What is this minimum height?

6. In the vertical jump, an athlete starts from a crouch and jumps upward to reach as high as possible. Even

the best athletes spend little more than 1.00 s in the air. This is called their “air time”. Treat the athlete as

a particle and let ymax be his maximum height above the floor. To explain why he seems to hang in the air,

calculate the ratio of the time he is above ymax/2 to the time it takes him to go from the floor to that height.

Air resistance may be ignored.

7. An alert hiker sees a boulder fall from the top of a distant cliff and notes that it takes 1.30 s for the boulder

to fall the last third of the way to the ground. Air resistance may be ignored.

(a) What is the height of the cliff in meters?

(b) If in part (a) you get two solutions of a quadratic equation and use one for your answer, what does the

other solution represent?
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