
TOPIC: KINEMATICS
Motion Problems With Integrals: Velocity & Position

EXAMPLE Suppose that an object moves in a line such that its velocity is                       .

◆ Recall: Velocity is the derivative of position                        & displacement is change in position                               .

EXAMPLE Suppose that an object moves in a line such that its velocity is 𝑣𝑣ሺ𝑡𝑡ሻ = 2𝑡𝑡 − 4.  

 
Motion Problems With Integrals: Velocity & Position  

◆ Recall: Velocity is the deriv. of position 𝑣𝑣ሺ𝑡𝑡ሻ = 𝑑𝑑𝑑𝑑/𝑑𝑑𝑡𝑡 & displacement is change in position 𝑑𝑑 = 𝑑𝑑(𝑡𝑡𝑓𝑓) − 𝑑𝑑ሺ𝑡𝑡𝑖𝑖ሻ. 

 

 

◆ To find a future position, plug 𝑡𝑡 = 𝑡𝑡𝑓𝑓 into position function 𝑑𝑑ሺ𝑡𝑡ሻ. 

 

 

Name Formula Example 

Displacement 
(Δ𝑑𝑑) on an 

Interval 
[𝑡𝑡𝑖𝑖, 𝑡𝑡𝑓𝑓] 

Δ𝑑𝑑 = 𝑑𝑑(𝑡𝑡𝑓𝑓) − 𝑑𝑑ሺ𝑡𝑡𝑖𝑖ሻ = ∫ _____𝑑𝑑𝑡𝑡
𝑡𝑡𝑓𝑓

𝑡𝑡𝑖𝑖
 

  

Total 
Distance on 
an Interval 

[𝑡𝑡𝑖𝑖, 𝑡𝑡𝑓𝑓] 
∫    𝑣𝑣ሺ𝑡𝑡ሻ  𝑑𝑑𝑡𝑡

𝑡𝑡𝑓𝑓

𝑡𝑡𝑖𝑖
   

   

Position 
Function 
(𝑑𝑑ሺ𝑡𝑡ሻ) 

𝑑𝑑ሺ𝑡𝑡ሻ = ______ + ∫ 𝑣𝑣ሺ___ሻ 𝑑𝑑___
___

𝑡𝑡𝑖𝑖
 

 

Find the displacement of the object on the interval [0, 5]. 
 
 

Find the position function given that 𝑑𝑑ሺ0ሻ = 3. 
 
 

Find the total distance of the object on 
the interval [0, 5]. 
 

Δ𝑑𝑑 = ∫ ሺ__________ሻ 𝑑𝑑𝑡𝑡
____

____
 

𝑇𝑇𝑇𝑇𝑡𝑡𝑇𝑇𝑇𝑇 𝐷𝐷𝐷𝐷𝑑𝑑𝑡𝑡. = ∫  |________|𝑑𝑑𝑡𝑡
____

____
 

2 5 

5 

-4 

𝒕𝒕 

𝒗𝒗 

𝒗𝒗ሺ𝒕𝒕ሻ 

𝑑𝑑ሺ𝑡𝑡ሻ = ______ + ∫ ______________ 
____

____
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Find the total distance of the object on 
the interval [0, 5]. 
 

Δ𝑑𝑑 = ∫ ሺ__________ሻ 𝑑𝑑𝑡𝑡
____

____
 

𝑇𝑇𝑇𝑇𝑡𝑡𝑇𝑇𝑇𝑇 𝐷𝐷𝐷𝐷𝑑𝑑𝑡𝑡. = ∫  |________|𝑑𝑑𝑡𝑡
____

____
 

2 5 

5 

-4 

𝒕𝒕 

𝒗𝒗 

𝒗𝒗ሺ𝒕𝒕ሻ 

𝑑𝑑ሺ𝑡𝑡ሻ = ______ + ∫ ______________ 
____

____
 

EXAMPLE Suppose that an object moves in a line such that its velocity is 𝑣𝑣ሺ𝑡𝑡ሻ = 2𝑡𝑡 − 4.  

 
Motion Problems With Integrals: Velocity & Position  

◆ Recall: Velocity is the deriv. of position 𝑣𝑣ሺ𝑡𝑡ሻ = 𝑑𝑑𝑑𝑑/𝑑𝑑𝑡𝑡 & displacement is change in position 𝑑𝑑 = 𝑑𝑑(𝑡𝑡𝑓𝑓) − 𝑑𝑑ሺ𝑡𝑡𝑖𝑖ሻ. 

 

 

◆ To find a future position, plug 𝑡𝑡 = 𝑡𝑡𝑓𝑓 into position function 𝑑𝑑ሺ𝑡𝑡ሻ. 

 

 

Name Formula Example 

Displacement 
(Δ𝑑𝑑) on an 

Interval 
[𝑡𝑡𝑖𝑖, 𝑡𝑡𝑓𝑓] 

Δ𝑑𝑑 = 𝑑𝑑(𝑡𝑡𝑓𝑓) − 𝑑𝑑ሺ𝑡𝑡𝑖𝑖ሻ = ∫ _____𝑑𝑑𝑡𝑡
𝑡𝑡𝑓𝑓

𝑡𝑡𝑖𝑖
 

  

Total 
Distance on 
an Interval 

[𝑡𝑡𝑖𝑖, 𝑡𝑡𝑓𝑓] 
∫    𝑣𝑣ሺ𝑡𝑡ሻ  𝑑𝑑𝑡𝑡

𝑡𝑡𝑓𝑓

𝑡𝑡𝑖𝑖
   

   

Position 
Function 
(𝑑𝑑ሺ𝑡𝑡ሻ) 

𝑑𝑑ሺ𝑡𝑡ሻ = ______ + ∫ 𝑣𝑣ሺ___ሻ 𝑑𝑑___
___

𝑡𝑡𝑖𝑖
 

 

Find the displacement of the object on the interval [0, 5]. 
 
 

Find the position function given that 𝑑𝑑ሺ0ሻ = 3. 
 
 

Find the total distance of the object on 
the interval [0, 5]. 
 

Δ𝑑𝑑 = ∫ ሺ__________ሻ 𝑑𝑑𝑡𝑡
____

____
 

𝑇𝑇𝑇𝑇𝑡𝑡𝑇𝑇𝑇𝑇 𝐷𝐷𝐷𝐷𝑑𝑑𝑡𝑡. = ∫  |________|𝑑𝑑𝑡𝑡
____

____
 

2 5 

5 

-4 

𝒕𝒕 

𝒗𝒗 

𝒗𝒗ሺ𝒕𝒕ሻ 

𝑑𝑑ሺ𝑡𝑡ሻ = ______ + ∫ ______________ 
____

____
 

Find the displacement of the object on the interval         .

EXAMPLE Suppose that an object moves in a line such that its velocity is 𝑣𝑣ሺ𝑡𝑡ሻ = 2𝑡𝑡 − 4.  

 
Motion Problems With Integrals: Velocity & Position  

◆ Recall: Velocity is the deriv. of position 𝑣𝑣ሺ𝑡𝑡ሻ = 𝑑𝑑𝑑𝑑/𝑑𝑑𝑡𝑡 & displacement is change in position 𝑑𝑑 = 𝑑𝑑(𝑡𝑡𝑓𝑓) − 𝑑𝑑ሺ𝑡𝑡𝑖𝑖ሻ. 

 

 

◆ To find a future position, plug 𝑡𝑡 = 𝑡𝑡𝑓𝑓 into position function 𝑑𝑑ሺ𝑡𝑡ሻ. 

 

 

Name Formula Example 

Displacement 
(Δ𝑑𝑑) on an 

Interval 
[𝑡𝑡𝑖𝑖, 𝑡𝑡𝑓𝑓] 

Δ𝑑𝑑 = 𝑑𝑑(𝑡𝑡𝑓𝑓) − 𝑑𝑑ሺ𝑡𝑡𝑖𝑖ሻ = ∫ _____𝑑𝑑𝑡𝑡
𝑡𝑡𝑓𝑓

𝑡𝑡𝑖𝑖
 

  

Total 
Distance on 
an Interval 

[𝑡𝑡𝑖𝑖, 𝑡𝑡𝑓𝑓] 
∫    𝑣𝑣ሺ𝑡𝑡ሻ  𝑑𝑑𝑡𝑡

𝑡𝑡𝑓𝑓

𝑡𝑡𝑖𝑖
   

   

Position 
Function 
(𝑑𝑑ሺ𝑡𝑡ሻ) 

𝑑𝑑ሺ𝑡𝑡ሻ = ______ + ∫ 𝑣𝑣ሺ___ሻ 𝑑𝑑___
___

𝑡𝑡𝑖𝑖
 

 

Find the displacement of the object on the interval [0, 5]. 
 
 

Find the position function given that 𝑑𝑑ሺ0ሻ = 3. 
 
 

Find the total distance of the object on 
the interval [0, 5]. 
 

Δ𝑑𝑑 = ∫ ሺ__________ሻ 𝑑𝑑𝑡𝑡
____

____
 

𝑇𝑇𝑇𝑇𝑡𝑡𝑇𝑇𝑇𝑇 𝐷𝐷𝐷𝐷𝑑𝑑𝑡𝑡. = ∫  |________|𝑑𝑑𝑡𝑡
____

____
 

2 5 

5 

-4 

𝒕𝒕 

𝒗𝒗 

𝒗𝒗ሺ𝒕𝒕ሻ 

𝑑𝑑ሺ𝑡𝑡ሻ = ______ + ∫ ______________ 
____

____
 

Find the total distance of the object on 
the interval         .

EXAMPLE Suppose that an object moves in a line such that its velocity is 𝑣𝑣ሺ𝑡𝑡ሻ = 2𝑡𝑡 − 4.  

 
Motion Problems With Integrals: Velocity & Position  

◆ Recall: Velocity is the deriv. of position 𝑣𝑣ሺ𝑡𝑡ሻ = 𝑑𝑑𝑑𝑑/𝑑𝑑𝑡𝑡 & displacement is change in position 𝑑𝑑 = 𝑑𝑑(𝑡𝑡𝑓𝑓) − 𝑑𝑑ሺ𝑡𝑡𝑖𝑖ሻ. 

 

 

◆ To find a future position, plug 𝑡𝑡 = 𝑡𝑡𝑓𝑓 into position function 𝑑𝑑ሺ𝑡𝑡ሻ. 

 

 

Name Formula Example 

Displacement 
(Δ𝑑𝑑) on an 

Interval 
[𝑡𝑡𝑖𝑖, 𝑡𝑡𝑓𝑓] 

Δ𝑑𝑑 = 𝑑𝑑(𝑡𝑡𝑓𝑓) − 𝑑𝑑ሺ𝑡𝑡𝑖𝑖ሻ = ∫ _____𝑑𝑑𝑡𝑡
𝑡𝑡𝑓𝑓

𝑡𝑡𝑖𝑖
 

  

Total 
Distance on 
an Interval 

[𝑡𝑡𝑖𝑖, 𝑡𝑡𝑓𝑓] 
∫    𝑣𝑣ሺ𝑡𝑡ሻ  𝑑𝑑𝑡𝑡

𝑡𝑡𝑓𝑓

𝑡𝑡𝑖𝑖
   

   

Position 
Function 
(𝑑𝑑ሺ𝑡𝑡ሻ) 

𝑑𝑑ሺ𝑡𝑡ሻ = ______ + ∫ 𝑣𝑣ሺ___ሻ 𝑑𝑑___
___

𝑡𝑡𝑖𝑖
 

 

Find the displacement of the object on the interval [0, 5]. 
 
 

Find the position function given that 𝑑𝑑ሺ0ሻ = 3. 
 
 

Find the total distance of the object on 
the interval [0, 5]. 
 

Δ𝑑𝑑 = ∫ ሺ__________ሻ 𝑑𝑑𝑡𝑡
____

____
 

𝑇𝑇𝑇𝑇𝑡𝑡𝑇𝑇𝑇𝑇 𝐷𝐷𝐷𝐷𝑑𝑑𝑡𝑡. = ∫  |________|𝑑𝑑𝑡𝑡
____

____
 

2 5 

5 

-4 

𝒕𝒕 

𝒗𝒗 

𝒗𝒗ሺ𝒕𝒕ሻ 

𝑑𝑑ሺ𝑡𝑡ሻ = ______ + ∫ ______________ 
____

____
 

EXAMPLE Suppose that an object moves in a line such that its velocity is 𝑣𝑣ሺ𝑡𝑡ሻ = 2𝑡𝑡 − 4.  

 
Motion Problems With Integrals: Velocity & Position  

◆ Recall: Velocity is the deriv. of position 𝑣𝑣ሺ𝑡𝑡ሻ = 𝑑𝑑𝑑𝑑/𝑑𝑑𝑡𝑡 & displacement is change in position 𝑑𝑑 = 𝑑𝑑(𝑡𝑡𝑓𝑓) − 𝑑𝑑ሺ𝑡𝑡𝑖𝑖ሻ. 

 

 

◆ To find a future position, plug 𝑡𝑡 = 𝑡𝑡𝑓𝑓 into position function 𝑑𝑑ሺ𝑡𝑡ሻ. 

 

 

Name Formula Example 

Displacement 
(Δ𝑑𝑑) on an 

Interval 
[𝑡𝑡𝑖𝑖, 𝑡𝑡𝑓𝑓] 

Δ𝑑𝑑 = 𝑑𝑑(𝑡𝑡𝑓𝑓) − 𝑑𝑑ሺ𝑡𝑡𝑖𝑖ሻ = ∫ _____𝑑𝑑𝑡𝑡
𝑡𝑡𝑓𝑓

𝑡𝑡𝑖𝑖
 

  

Total 
Distance on 
an Interval 

[𝑡𝑡𝑖𝑖, 𝑡𝑡𝑓𝑓] 
∫    𝑣𝑣ሺ𝑡𝑡ሻ  𝑑𝑑𝑡𝑡

𝑡𝑡𝑓𝑓

𝑡𝑡𝑖𝑖
   

   

Position 
Function 
(𝑑𝑑ሺ𝑡𝑡ሻ) 

𝑑𝑑ሺ𝑡𝑡ሻ = ______ + ∫ 𝑣𝑣ሺ___ሻ 𝑑𝑑___
___

𝑡𝑡𝑖𝑖
 

 

Find the displacement of the object on the interval [0, 5]. 
 
 

Find the position function given that 𝑑𝑑ሺ0ሻ = 3. 
 
 

Find the total distance of the object on 
the interval [0, 5]. 
 

Δ𝑑𝑑 = ∫ ሺ__________ሻ 𝑑𝑑𝑡𝑡
____

____
 

𝑇𝑇𝑇𝑇𝑡𝑡𝑇𝑇𝑇𝑇 𝐷𝐷𝐷𝐷𝑑𝑑𝑡𝑡. = ∫  |________|𝑑𝑑𝑡𝑡
____

____
 

2 5 

5 

-4 

𝒕𝒕 

𝒗𝒗 

𝒗𝒗ሺ𝒕𝒕ሻ 

𝑑𝑑ሺ𝑡𝑡ሻ = ______ + ∫ ______________ 
____

____
 

EXAMPLE Suppose that an object moves in a line such that its velocity is 𝑣𝑣ሺ𝑡𝑡ሻ = 2𝑡𝑡 − 4.  

 
Motion Problems With Integrals: Velocity & Position  

◆ Recall: Velocity is the deriv. of position 𝑣𝑣ሺ𝑡𝑡ሻ = 𝑑𝑑𝑑𝑑/𝑑𝑑𝑡𝑡 & displacement is change in position 𝑑𝑑 = 𝑑𝑑(𝑡𝑡𝑓𝑓) − 𝑑𝑑ሺ𝑡𝑡𝑖𝑖ሻ. 

 

 

◆ To find a future position, plug 𝑡𝑡 = 𝑡𝑡𝑓𝑓 into position function 𝑑𝑑ሺ𝑡𝑡ሻ. 

 

 

Name Formula Example 

Displacement 
(Δ𝑑𝑑) on an 

Interval 
[𝑡𝑡𝑖𝑖, 𝑡𝑡𝑓𝑓] 

Δ𝑑𝑑 = 𝑑𝑑(𝑡𝑡𝑓𝑓) − 𝑑𝑑ሺ𝑡𝑡𝑖𝑖ሻ = ∫ _____𝑑𝑑𝑡𝑡
𝑡𝑡𝑓𝑓

𝑡𝑡𝑖𝑖
 

  

Total 
Distance on 
an Interval 

[𝑡𝑡𝑖𝑖, 𝑡𝑡𝑓𝑓] 
∫    𝑣𝑣ሺ𝑡𝑡ሻ  𝑑𝑑𝑡𝑡

𝑡𝑡𝑓𝑓

𝑡𝑡𝑖𝑖
   

   

Position 
Function 
(𝑑𝑑ሺ𝑡𝑡ሻ) 

𝑑𝑑ሺ𝑡𝑡ሻ = ______ + ∫ 𝑣𝑣ሺ___ሻ 𝑑𝑑___
___

𝑡𝑡𝑖𝑖
 

 

Find the displacement of the object on the interval [0, 5]. 
 
 

Find the position function given that 𝑑𝑑ሺ0ሻ = 3. 
 
 

Find the total distance of the object on 
the interval [0, 5]. 
 

Δ𝑑𝑑 = ∫ ሺ__________ሻ 𝑑𝑑𝑡𝑡
____

____
 

𝑇𝑇𝑇𝑇𝑡𝑡𝑇𝑇𝑇𝑇 𝐷𝐷𝐷𝐷𝑑𝑑𝑡𝑡. = ∫  |________|𝑑𝑑𝑡𝑡
____

____
 

2 5 

5 

-4 

𝒕𝒕 

𝒗𝒗 

𝒗𝒗ሺ𝒕𝒕ሻ 

𝑑𝑑ሺ𝑡𝑡ሻ = ______ + ∫ ______________ 
____

____
 

EXAMPLE Suppose that an object moves in a line such that its velocity is 𝑣𝑣ሺ𝑡𝑡ሻ = 2𝑡𝑡 − 4.  

 
Motion Problems With Integrals: Velocity & Position  

◆ Recall: Velocity is the deriv. of position 𝑣𝑣ሺ𝑡𝑡ሻ = 𝑑𝑑𝑑𝑑/𝑑𝑑𝑡𝑡 & displacement is change in position 𝑑𝑑 = 𝑑𝑑(𝑡𝑡𝑓𝑓) − 𝑑𝑑ሺ𝑡𝑡𝑖𝑖ሻ. 

 

 

◆ To find a future position, plug 𝑡𝑡 = 𝑡𝑡𝑓𝑓 into position function 𝑑𝑑ሺ𝑡𝑡ሻ. 

 

 

Name Formula Example 

Displacement 
(Δ𝑑𝑑) on an 

Interval 
[𝑡𝑡𝑖𝑖, 𝑡𝑡𝑓𝑓] 

Δ𝑑𝑑 = 𝑑𝑑(𝑡𝑡𝑓𝑓) − 𝑑𝑑ሺ𝑡𝑡𝑖𝑖ሻ = ∫ _____𝑑𝑑𝑡𝑡
𝑡𝑡𝑓𝑓

𝑡𝑡𝑖𝑖
 

  

Total 
Distance on 
an Interval 

[𝑡𝑡𝑖𝑖, 𝑡𝑡𝑓𝑓] 
∫    𝑣𝑣ሺ𝑡𝑡ሻ  𝑑𝑑𝑡𝑡

𝑡𝑡𝑓𝑓

𝑡𝑡𝑖𝑖
   

   

Position 
Function 
(𝑑𝑑ሺ𝑡𝑡ሻ) 

𝑑𝑑ሺ𝑡𝑡ሻ = ______ + ∫ 𝑣𝑣ሺ___ሻ 𝑑𝑑___
___

𝑡𝑡𝑖𝑖
 

 

Find the displacement of the object on the interval [0, 5]. 
 
 

Find the position function given that 𝑑𝑑ሺ0ሻ = 3. 
 
 

Find the total distance of the object on 
the interval [0, 5]. 
 

Δ𝑑𝑑 = ∫ ሺ__________ሻ 𝑑𝑑𝑡𝑡
____

____
 

𝑇𝑇𝑇𝑇𝑡𝑡𝑇𝑇𝑇𝑇 𝐷𝐷𝐷𝐷𝑑𝑑𝑡𝑡. = ∫  |________|𝑑𝑑𝑡𝑡
____

____
 

2 5 

5 

-4 

𝒕𝒕 

𝒗𝒗 

𝒗𝒗ሺ𝒕𝒕ሻ 

𝑑𝑑ሺ𝑡𝑡ሻ = ______ + ∫ ______________ 
____

____
 

Find the position function given that               .

EXAMPLE Suppose that an object moves in a line such that its velocity is 𝑣𝑣ሺ𝑡𝑡ሻ = 2𝑡𝑡 − 4.  

 
Motion Problems With Integrals: Velocity & Position  

◆ Recall: Velocity is the deriv. of position 𝑣𝑣ሺ𝑡𝑡ሻ = 𝑑𝑑𝑑𝑑/𝑑𝑑𝑡𝑡 & displacement is change in position 𝑑𝑑 = 𝑑𝑑(𝑡𝑡𝑓𝑓) − 𝑑𝑑ሺ𝑡𝑡𝑖𝑖ሻ. 

 

 

◆ To find a future position, plug 𝑡𝑡 = 𝑡𝑡𝑓𝑓 into position function 𝑑𝑑ሺ𝑡𝑡ሻ. 

 

 

Name Formula Example 

Displacement 
(Δ𝑑𝑑) on an 

Interval 
[𝑡𝑡𝑖𝑖, 𝑡𝑡𝑓𝑓] 

Δ𝑑𝑑 = 𝑑𝑑(𝑡𝑡𝑓𝑓) − 𝑑𝑑ሺ𝑡𝑡𝑖𝑖ሻ = ∫ _____𝑑𝑑𝑡𝑡
𝑡𝑡𝑓𝑓

𝑡𝑡𝑖𝑖
 

  

Total 
Distance on 
an Interval 

[𝑡𝑡𝑖𝑖, 𝑡𝑡𝑓𝑓] 
∫    𝑣𝑣ሺ𝑡𝑡ሻ  𝑑𝑑𝑡𝑡

𝑡𝑡𝑓𝑓

𝑡𝑡𝑖𝑖
   

   

Position 
Function 
(𝑑𝑑ሺ𝑡𝑡ሻ) 

𝑑𝑑ሺ𝑡𝑡ሻ = ______ + ∫ 𝑣𝑣ሺ___ሻ 𝑑𝑑___
___

𝑡𝑡𝑖𝑖
 

 

Find the displacement of the object on the interval [0, 5]. 
 
 

Find the position function given that 𝑑𝑑ሺ0ሻ = 3. 
 
 

Find the total distance of the object on 
the interval [0, 5]. 
 

Δ𝑑𝑑 = ∫ ሺ__________ሻ 𝑑𝑑𝑡𝑡
____

____
 

𝑇𝑇𝑇𝑇𝑡𝑡𝑇𝑇𝑇𝑇 𝐷𝐷𝐷𝐷𝑑𝑑𝑡𝑡. = ∫  |________|𝑑𝑑𝑡𝑡
____

____
 

2 5 

5 

-4 

𝒕𝒕 

𝒗𝒗 

𝒗𝒗ሺ𝒕𝒕ሻ 

𝑑𝑑ሺ𝑡𝑡ሻ = ______ + ∫ ______________ 
____

____
 

EXAMPLE Suppose that an object moves in a line such that its velocity is 𝑣𝑣ሺ𝑡𝑡ሻ = 2𝑡𝑡 − 4.  

 
Motion Problems With Integrals: Velocity & Position  

◆ Recall: Velocity is the deriv. of position 𝑣𝑣ሺ𝑡𝑡ሻ = 𝑑𝑑𝑑𝑑/𝑑𝑑𝑡𝑡 & displacement is change in position 𝑑𝑑 = 𝑑𝑑(𝑡𝑡𝑓𝑓) − 𝑑𝑑ሺ𝑡𝑡𝑖𝑖ሻ. 

 

 

◆ To find a future position, plug 𝑡𝑡 = 𝑡𝑡𝑓𝑓 into position function 𝑑𝑑ሺ𝑡𝑡ሻ. 

 

 

Name Formula Example 

Displacement 
(Δ𝑑𝑑) on an 

Interval 
[𝑡𝑡𝑖𝑖, 𝑡𝑡𝑓𝑓] 

Δ𝑑𝑑 = 𝑑𝑑(𝑡𝑡𝑓𝑓) − 𝑑𝑑ሺ𝑡𝑡𝑖𝑖ሻ = ∫ _____𝑑𝑑𝑡𝑡
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Find displacement on [0, 5] ሺ𝑨𝑨ሻ 

ሺ𝑩𝑩ሻ Find total distance on [0, 5] 
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TOPIC: KINEMATICS
Motion Problems With Integrals: Acceleration

◆ Recall: Before, we integrated velocity to find position. Now, we can integrate acceleration to find velocity.

EXAMPLE The acceleration of a particle moving along the   -axis is                                   .
EXAMPLE Find the derivative of the following functions. 

  
Derivatives of General Exponential Functions  

◆ We can use limits to find a derivative rule that works for all exponential functions 𝑏𝑏𝑥𝑥. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

    Derivative of 𝒃𝒃𝒙𝒙 New 

BIZ REG 

ሺ𝑨𝑨ሻ      𝑓𝑓ሺ𝑥𝑥ሻ = 6𝑥𝑥 ሺ𝑩𝑩ሻ     𝑔𝑔ሺ𝑥𝑥ሻ = 3𝑥𝑥2+4𝑥𝑥 

𝑑𝑑
𝑑𝑑𝑥𝑥 ሺ𝒃𝒃𝒙𝒙ሻ = ____ ⋅ _________

𝑑𝑑
𝑑𝑑𝑥𝑥 ሺ𝑏𝑏𝑥𝑥ሻ = lim

ℎ→0

𝑏𝑏𝑥𝑥+ℎ − 𝑏𝑏𝑥𝑥

ℎ  

= lim
ℎ→0

                        
   

=          ⋅ lim
ℎ→0

                   
     

𝑏𝑏 ______
𝑏𝑏 ______ 

ln 𝑏𝑏 = lim
ℎ→0

𝑏𝑏ℎ − 1
ℎ    

Limit Definition of ln at h=0 

 𝑓𝑓′ሺ𝑥𝑥ሻ = lim
ℎ→0

𝑓𝑓ሺ𝑥𝑥 + ℎሻ − 𝑓𝑓ሺ𝑥𝑥ሻ
ℎ  

Recall 

Limit Definition of a Derivative 

EXAMPLE Find the derivative of the following functions. 

  
Derivatives of General Exponential Functions  

◆ We can use limits to find a derivative rule that works for all exponential functions 𝑏𝑏𝑥𝑥. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

    Derivative of 𝒃𝒃𝒙𝒙 New 
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𝑑𝑑
𝑑𝑑𝑥𝑥 ሺ𝑏𝑏𝑥𝑥ሻ = lim

ℎ→0

𝑏𝑏𝑥𝑥+ℎ − 𝑏𝑏𝑥𝑥

ℎ  

= lim
ℎ→0

                        
   

=          ⋅ lim
ℎ→0

                   
     

𝑏𝑏 ______
𝑏𝑏 ______ 

ln 𝑏𝑏 = lim
ℎ→0

𝑏𝑏ℎ − 1
ℎ    

Limit Definition of ln at h=0 

 𝑓𝑓′ሺ𝑥𝑥ሻ = lim
ℎ→0

𝑓𝑓ሺ𝑥𝑥 + ℎሻ − 𝑓𝑓ሺ𝑥𝑥ሻ
ℎ  

Recall 

Limit Definition of a Derivative 

 
 

EXAMPLE Given the velocity function 𝑣𝑣ሺ𝑡𝑡ሻ = 𝑡𝑡3 − 3𝑡𝑡2 + 2𝑡𝑡 in meters per second, answer the following based on the time 
interval 0𝑠𝑠 ≤ 𝑡𝑡 ≤ 3s. 

 
Derivatives Applied to Acceleration 

♦ Acceleration (𝑎𝑎) is the change in velocity over time, i.e. the ________ deriv. of 𝑣𝑣ሺ𝑡𝑡ሻ, and ________ deriv. of 𝑠𝑠ሺ𝑡𝑡ሻ. 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

ሺ𝑨𝑨ሻ What is the change in velocity? 

ሺ𝑩𝑩ሻ What is the average acceleration? 

ሺ𝑪𝑪ሻ What is the instantaneous acceleration at the end of the time interval? 

𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 = ______ 

∆𝑣𝑣 = ______ 

𝑎𝑎ሺ___ሻ = ______ 

Position 
𝑠𝑠ሺ𝑡𝑡ሻ 

Velocity 
𝑣𝑣ሺ𝑡𝑡ሻ 

Acceleration 
𝑎𝑎ሺ𝑡𝑡ሻ 

𝑑𝑑𝑠𝑠
𝑑𝑑𝑡𝑡 

𝑑𝑑  
𝑑𝑑𝑡𝑡 

𝑑𝑑  𝑠𝑠
𝑑𝑑𝑡𝑡    

𝑣𝑣𝑎𝑎𝑎𝑎𝑎𝑎 = 𝛥𝛥𝑠𝑠
𝛥𝛥𝑡𝑡 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 =          

𝛥𝛥𝑡𝑡  

 

Position 

𝑠𝑠(𝑡𝑡) 
Velocity 

𝑣𝑣(𝑡𝑡) 
Acceleration 

𝑎𝑎(𝑡𝑡) 

𝑑𝑑𝑣𝑣
𝑑𝑑𝑡𝑡  

𝑑𝑑𝑠𝑠
𝑑𝑑𝑡𝑡 

න𝑎𝑎(𝑡𝑡)𝑑𝑑𝑡𝑡 න𝑣𝑣(𝑡𝑡)𝑑𝑑𝑡𝑡 

 

Position 

𝑠𝑠(𝑡𝑡) 
Velocity 

𝑣𝑣(𝑡𝑡) 
Acceleration 

𝑎𝑎(𝑡𝑡) 

𝑑𝑑𝑣𝑣
𝑑𝑑𝑡𝑡  

𝑑𝑑𝑠𝑠
𝑑𝑑𝑡𝑡 

න𝑎𝑎(𝑡𝑡)𝑑𝑑𝑡𝑡 න𝑣𝑣(𝑡𝑡)𝑑𝑑𝑡𝑡 
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𝑠𝑠(𝑡𝑡) 
Velocity 

𝑣𝑣(𝑡𝑡) 
Acceleration 

𝑎𝑎(𝑡𝑡) 

𝑑𝑑𝑣𝑣
𝑑𝑑𝑡𝑡  

𝑑𝑑𝑠𝑠
𝑑𝑑𝑡𝑡 

න𝑎𝑎(𝑡𝑡)𝑑𝑑𝑡𝑡 න𝑣𝑣(𝑡𝑡)𝑑𝑑𝑡𝑡 

 
 

EXAMPLE Given the velocity function 𝑣𝑣ሺ𝑡𝑡ሻ = 𝑡𝑡3 − 3𝑡𝑡2 + 2𝑡𝑡 in meters per second, answer the following based on the time 
interval 0𝑠𝑠 ≤ 𝑡𝑡 ≤ 3s. 

 
Derivatives Applied to Acceleration 

♦ Acceleration (𝑎𝑎) is the change in velocity over time, i.e. the ________ deriv. of 𝑣𝑣ሺ𝑡𝑡ሻ, and ________ deriv. of 𝑠𝑠ሺ𝑡𝑡ሻ. 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 

ሺ𝑨𝑨ሻ What is the change in velocity? 

ሺ𝑩𝑩ሻ What is the average acceleration? 

ሺ𝑪𝑪ሻ What is the instantaneous acceleration at the end of the time interval? 

𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 = ______ 

∆𝑣𝑣 = ______ 

𝑎𝑎ሺ___ሻ = ______ 

Position 
𝒔𝒔ሺ𝒕𝒕ሻ 

Velocity 
𝒗𝒗ሺ𝒕𝒕ሻ 

Acceleratio
n 

𝒂𝒂ሺ𝒕𝒕ሻ 

𝒅𝒅𝒔𝒔
𝒅𝒅𝒕𝒕 

𝒅𝒅  
𝒅𝒅𝒕𝒕 

𝒅𝒅  𝒔𝒔
𝒅𝒅𝒕𝒕    

𝒗𝒗𝒂𝒂𝒗𝒗𝒂𝒂 = 𝜟𝜟𝒔𝒔
𝜟𝜟𝒕𝒕  𝒂𝒂𝒂𝒂𝒗𝒗𝒂𝒂 =          

𝜟𝜟𝒕𝒕   
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න𝑎𝑎ሺ𝑡𝑡ሻ𝑑𝑑𝑡𝑡 න𝑣𝑣ሺ𝑡𝑡ሻ𝑑𝑑𝑡𝑡 

 
 

EXAMPLE Given the velocity function 𝑣𝑣ሺ𝑡𝑡ሻ = 𝑡𝑡3 − 3𝑡𝑡2 + 2𝑡𝑡 in meters per second, answer the following based on the time 
interval 0𝑠𝑠 ≤ 𝑡𝑡 ≤ 3s. 

 
Derivatives Applied to Acceleration 

♦ Acceleration (𝑎𝑎) is the change in velocity over time, i.e. the ________ deriv. of 𝑣𝑣ሺ𝑡𝑡ሻ, and ________ deriv. of 𝑠𝑠ሺ𝑡𝑡ሻ. 
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EXAMPLE The acceleration of a particle moving along the 𝑥𝑥-axis is 𝑎𝑎(𝑡𝑡) = 6𝑡𝑡 − 12 𝑚𝑚/𝑠𝑠2.   

 
Motion Problems With Integrals: Acceleration  

◆ Recall: Before, we integrated velocity to find position. Now, we can integrate acceleration to find velocity.  
 

 
 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(𝑨𝑨) Find the velocity function, given that 𝑣𝑣(0) = −9 𝑚𝑚/𝑠𝑠. 
 
 

(𝑩𝑩) Find the position function given that 𝑠𝑠(0) = 1 𝑚𝑚. 
 
 

(𝑪𝑪) What is the position of the particle at time 𝑡𝑡 = 8 𝑠𝑠? 
 

𝑣𝑣(𝑡𝑡) = 𝑣𝑣(𝑡𝑡𝑖𝑖) + න 𝑎𝑎(𝑥𝑥)𝑑𝑑𝑥𝑥
𝑡𝑡

𝑡𝑡𝑖𝑖
 

New 

𝑠𝑠(𝑡𝑡) = 𝑠𝑠(𝑡𝑡𝑖𝑖) + න 𝑣𝑣(𝑥𝑥)𝑑𝑑𝑥𝑥
𝑡𝑡

𝑡𝑡𝑖𝑖
 

Recall 

EXAMPLE The acceleration of a particle moving along the 𝑥𝑥-axis is 𝑎𝑎(𝑡𝑡) = 6𝑡𝑡 − 12 𝑚𝑚/𝑠𝑠2.   
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◆ Recall: Before, we integrated velocity to find position. Now, we can integrate acceleration to find velocity.  
 

 
 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(𝑨𝑨) Find the velocity function, given that 𝑣𝑣(0) = −9 𝑚𝑚/𝑠𝑠. 
 
 

(𝑩𝑩) Find the position function given that 𝑠𝑠(0) = 1 𝑚𝑚. 
 
 

(𝑪𝑪) What is the position of the particle at time 𝑡𝑡 = 8 𝑠𝑠? 
 

𝑣𝑣(𝑡𝑡) = 𝑣𝑣(𝑡𝑡𝑖𝑖) + න 𝑎𝑎(𝑥𝑥)𝑑𝑑𝑥𝑥
𝑡𝑡
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𝑡𝑡𝑖𝑖
 

Recall 

Find the velocity function, given that                          .

EXAMPLE The acceleration of a particle moving along the 𝑥𝑥-axis is 𝑎𝑎(𝑡𝑡) = 6𝑡𝑡 − 12 𝑚𝑚/𝑠𝑠2.   

 
Motion Problems With Integrals: Acceleration  

◆ Recall: Before, we integrated velocity to find position. Now, we can integrate acceleration to find velocity.  
 

 
 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(𝑨𝑨) Find the velocity function, given that 𝑣𝑣(0) = −9 𝑚𝑚/𝑠𝑠. 
 
 

(𝑩𝑩) Find the position function given that 𝑠𝑠(0) = 1 𝑚𝑚. 
 
 

(𝑪𝑪) What is the position of the particle at time 𝑡𝑡 = 8 𝑠𝑠? 
 

𝑣𝑣(𝑡𝑡) = 𝑣𝑣(𝑡𝑡𝑖𝑖) + න 𝑎𝑎(𝑥𝑥)𝑑𝑑𝑥𝑥
𝑡𝑡

𝑡𝑡𝑖𝑖
 

New 

𝑠𝑠(𝑡𝑡) = 𝑠𝑠(𝑡𝑡𝑖𝑖) + න 𝑣𝑣(𝑥𝑥)𝑑𝑑𝑥𝑥
𝑡𝑡

𝑡𝑡𝑖𝑖
 

Recall 

Find the position function, given that                    .

EXAMPLE The acceleration of a particle moving along the 𝑥𝑥-axis is 𝑎𝑎(𝑡𝑡) = 6𝑡𝑡 − 12 𝑚𝑚/𝑠𝑠2.   

 
Motion Problems With Integrals: Acceleration  

◆ Recall: Before, we integrated velocity to find position. Now, we can integrate acceleration to find velocity.  
 

 
 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(𝑨𝑨) Find the velocity function, given that 𝑣𝑣(0) = −9 𝑚𝑚/𝑠𝑠. 
 
 

(𝑩𝑩) Find the position function given that 𝑠𝑠(0) = 1 𝑚𝑚. 
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