
Symbolic vs. Numeric Approach to Problem Solving 
 

 
 
  

C. Wassgren  Last Updated:  16 Nov 2016 
Chapter 01:  The Basics 

1. Symbolic vs. Numeric Calculations 
 
Consider the following example.  You need to determine the trajectory of a projectile fired from a cannon.  
The projectile has a mass of 10 kg and the cannon is tilted at an angle of 30° from the horizontal.  The 
initial velocity of the projectile from the cannon is 100 m/s.  Determine: 

1. the distance the projectile will travel and 
2. how long the projectile is in flight. 

 
We can approach this problem a couple of different ways.  The first is to start with the given numbers and 
immediately begin the calculations.  The second approach is to solve the problem symbolically and then 
substitute the numbers at the end. 
 
Numerical Solution: 
 
Draw a free body diagram (FBD) of the projectile. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Use Newton’s 2nd law to determine the acceleration of the projectile: 

   

Fx∑ = m!!x   ⇒    0 N = 10 kg( ) !!x                             ⇒    !!x = 0 m/s2

Fy∑ = m!!y   ⇒   10 kg( ) −9.81 m/s2( ) = 10 kg( ) !!y   ⇒    !!y = −9.81 m/s2
 

Integrate with respect to time to determine the projectile’s velocity and position given the projectile’s initial 
x and y velocities and positions: 

   

!x = !x0 = 100 m/s( ) cos30"( ) = 86.6 m/s

!y = −9.81 m/s2( )t + !y0 = −9.81 m/s2( )t + 100 m/s( ) sin30"( ) = −9.81 m/s2( )t +50 m/s
 

( )86.6 m/sx t=  (1) 

( ) ( )2 24.91 m/s 50 m/sy t t= − +  (2) 

The projectile will hit the ground when y = 0 m so that by rearranging Eq. (2) we find that the time aloft is: 

2

50.0 m/s 10.2 s
4.91 m/s

t = =  (3) 

Substituting into Eq. (1) gives the distance traveled as 
( )( )86.6 m/s 10.2 s 883 mx = =  (4) 

As you can see, we’ve made a number of calculations along the way to finding the answers.  Now let’s 
address some additional questions based on these answers.  How does the maximum time aloft depend on 
the mass of the projectile?  If the initial speed from the cannon doubles, how is the range affected?  What 
angle maximizes the distance the projectile travels?  The answers to these questions are not obvious from 
Eqs. (1) – (4); we would need to perform additional calculations.  Also, consider how many calculations 
would need to be made if we had to determine the range and time aloft for a variety of cannon angles, 
initial velocities, and cannon ball masses. 
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Now let’s try working the same problem using symbols rather than numbers.  We’ll plug in the numbers at 
the very end of the problem. 
 
Symbolic Solution: 
 
Draw the FBD as before: 
 
 
 
 
 
 
 
 
 
 
 
 
Follow the same approach as before but now with symbols rather than with numbers. 

   

Fx∑ = m!!x   ⇒    0 = m!!x        ⇒    !!x = 0

Fy∑ = m!!y   ⇒    − mg = m!!y   ⇒    !!y = −g
 

   

!x = !x0 =V cosθ
!y = −gt + !y0 = −gt +V sinθ

 

( )cosx V tθ=    (x0 = 0) (5) 

( )21
2 siny gt V tθ= − +   (y0 = 0) (6) 

The time aloft is found by setting y = 0: 
2 sinVt
g

θ=  (7) 

and the distance traveled is: 
( )22 sin 22 cos sin VV

x
g g

θθ θ= =  (8) 

 
We can now plug in the given numbers to get our numerical answers: 

( ) ( )

( ) ( )
2

2

2

2 100 m/s sin 30
10.2 s

9.81 m/s
100 m/s sin 60

883 m
9.81 m/s

t

x

= =

= =

o

o
 Same answers as before! 

 
Using these results for t and x we can easily calculate the time aloft and distance traveled for a variety of 
values of θ, V, and m.  Note that nowhere in Eqs. (5) – (8) does the mass appear so we conclude that the 
mass of the cannon ball is unimportant to our calculations.  We also observe that if we double the initial 
velocity, the time aloft will double and the distance traveled will quadruple.  This information is easily lost 
in our calculations where numbers were used right away (refer to Eqs. (3) and (4)).  
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