
Problem 1  

Since the acceleration changes at t = t1, we can’t just go directly to our regular kinematic 

equations to solve for the plane’s velocity and distance at t = t2. There are several ways that we 

can approach this. Here a few: 

1) Since the acceleration is constant for 0 < t< t1 and t1 < t < t2, we can use the usual kinematic 

equations to write down the change in velocity/position over each interval, then add them (plus 

any initial velocity/position). Note that in the displacement equation Δx(t) = v0t + a*t2 the initial 

velocity v0 corresponds to the velocity at the beginning of the interval, and similarly the time t is 

actually the amount of time that has passed since then. So if you want to write down an 

expression for the plane’s motion between t1 and t2, you have to use t  (t2 – t1) and v0 = v(t1) 

2) Draw a graph of the acceleration/velocity, then calculate the area under the curve between t = 0 

to t = t2. If using this method, don’t forget to add the initial velocity v0 

3) Start with the definitions for velocity and acceleration, rearrange to get dv = a dt and dx = v dt, 

then integrate from t = 0 to t = t2. Since the function you are integrating changes during the 

integral, you will have to break it up into the integral from t = 0 to t = t1 plus the integral from t = 

t1 to t = t2  

Using method 1) for parts (a) and (b): 

 (a) Let v1(t) be the velocity of the plane for 0 < t < t1, and v2(t) the velocity of the plane for  t1 < t < t2. If 

v0 is the initial velocity, and a0 is the acceleration during that time interval, then v1(t) = v0 + a0t. And if 2a0 

is the acceleration during the second time interval, then v2(t) = v(t1) + 2a0(t - t1). The first term is the 

“initial velocity” when the plane starts to accelerate at 2a0, equal to the final velocity of the first time 

interval or v(t1) = v0 + a0t1 

At t = t2 the instantaneous velocity is therefore v2(t2) = v0 + a0t1 + 2a0(t2 - t1).  

(b) The equations for displacement are Δx1(t) = v0t + a0/2*t2 and Δx2(t) = v(t1)*(t - t1) + a0*(t - t1)2, again 

defined over the time intervals 0 < t< t1 and t1 < t < t2, respectively. These correspond to the change in 

position over each interval, so the total distance the plane has traveled at t = t2 is the sum Δx1 + Δx2 

At t = t2 the distance traveled is therefore x2(t) = v0t1 + a0/2*t1
2 + (v0 + a0t1)*(t2 - t1) + a0*(t2 - t1)2. 

In the next two parts, we are asked to find the velocity/acceleration of the person relative to 

the ground. To do this we must add the velocity/acceleration vectors for the person relative to 

the plane, and the plane relative to the ground. Since the person walks from the back of the 

plane towards the front, the motion is in the same direction and we can simply add the 

magnitudes. 

We can calculate the velocity of the person relative to the plane by taking the derivative of the 

distance function we are given, then take the derivative again to get acceleration. The 

velocity/acceleration of the plane relative to the ground is just what we used in the first two 

parts. 



(c) In part (a) we found the velocity of the airplane relative to the ground to be vag(t) = v1(t) = v0 + a0t . 

Taking the derivative of the distance D = b*t3 gives us the velocity of the person inside the airplane, 

which is vpa(t) = 3b*t2. Their sum is the velocity of the person relative to the ground, vpg(t). 

At t = t1, we get that the instantaneous velocity is vpg(t1) = v0 + a0t1 + 3b*t1
2 

(d) The instantaneous acceleration of the person relative to the plane is just the derivative of the 

velocity vpg(t). So the acceleration of the person relative to the ground is apg(t) = 6b*t + a0 

The instantaneous acceleration we get from this is apg(t1/2) = 3b*t1 + a0 
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