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11.2: Constant Acceleration

As was done in one-dimensional kinematics, we may derive a set of equations for the motion of a particle under a constant
acceleration. In two or three dimensions, though, it's a constant acceleration vector a. If the acceleration vector a is constant, we can
bring it outside the integral sign of Eq. (11.1.4) just as we do with constant scalars. We get

v(t) :/adt:a/dt (11.2.1)
v(t)=at+C (11.2.2)

where C is the constant of integration. By setting ¢ =0, we can see that physically, just as in one-dimensional kinematics,
C = vy =v(0) represents the velocity vector at time t =0, so

v(t) =at+ vy (11.2.3)

Substituting this result into Eq. (11.1.3), we have

r(t) :/(at+v0)dt (11.2.4)

:/atdt+/v0dt (11.2.5)

:a/tdt+v0/dt (11.2.6)

or
L
r(t) = §at +vot+ro (11.2.7)

where rg =r(0) is the position vector at time ¢ = 0.

The remaining constant-acceleration formula is a formula for v(r), in which we eliminate time ¢ to get an expression for velocity
in terms of position. We did this in one dimension by solving the equation for v(¢) for ¢, then substituting into the equation for (%)
and solving for v. Unfortunately, that technique won't work with vectors, because it would require dividing by a vector, which is
not defined. Instead, being guided by the knowledge that the vector formula must reduce to the known scalar formula when the
vectors are one-dimensional, we proceed as follows. Start with Eq. 11.2.7for r(¢) for constant acceleration:

1
r(t) = Eat2 +vot+1o (11.2.8)
L
r—ry :§at +V0t (1129)
Now take the dot product of both sides with the acceleration a:
L
a-(r—ryg) =a- Eat +vot (11.2.10)
IR
=5a t“+a- vy, (11.2.11)
and multiply both sides by 2 :
2a- (r—rg) = a’t’ +2a- vyt (11.2.12)

The left-hand side looks similar to the second term on the right-hand side of the one-dimensional Eq.11.2.7, but we still need to
eliminate ¢ on the right-hand side. To do that, let's start by working on the first term on the right-hand side of Eq. 11.2.12 Starting
with Eq. 11.2.3 we have
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v(t) =at+vy (11.2.13)
v—vy =at (11.2.14)
Now take the dot product of the left-hand side of Eq. 11.2.10with itself, and dot the right-hand side with itself:
(v—=vg)-(v—vy) = (at)- (at) (11.2.15)
v —2v-vo+v} =a’t’ (11.2.16)

Next, let's work on the second term on the right-hand side of Eq. 11.2.12 To do this, let's take the dot product of both sides of Eq.
11.2.14with vy :

vo-(v—vy) =vp-at (11.2.17)
2v-v0—2v(2) =2a- vyt (11.2.18)

Now we have all the pieces we need to eliminate ¢. In Eq. 11.2.12 we use Eq. 11.2.16to replace a?t?, and we use Eq. 11.2.18to
replace 2a- vyt :

2a-(r—rg) = (v®—2v-vo+13)+ (2v-vo—213) (11.2.19)
=" — v} (11.2.20)

or
v =v2+2a-(r—rp) (11.2.21)

11.2: Constant Acceleration is shared under a CC BY-NC-SA 4.0 license and was authored, remixed, and/or curated by LibreTexts.

https://phys.libretexts.org/@go/page/92182



https://libretexts.org/
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://phys.libretexts.org/@go/page/92182?pdf
https://phys.libretexts.org/Courses/Prince_Georges_Community_College/General_Physics_I%3A_Classical_Mechanics/11%3A_Kinematics_in_Two_or_Three_Dimensions/11.02%3A_Constant_Acceleration
https://creativecommons.org/licenses/by-nc-sa/4.0

