
EXAMPLE 4 A bul let  is  f i redtromthe ground at
What initial speed rr0 must the bullet have in order
located 800 ft away (ignoring air resistance)' l

Solution Place the gun at the orisin. and let r(r)
(F ieure  3) .

S E C T I O N  1 4 . 5  I

an angle of 60" above the horizontal.
to hit a point 500 ft high on a tower

be the position vector of the bullet

Step t. Use Newton's Law.
t Gravity exerts a downward force of magnitude mg, where rr is the mass of the bullet

and g :32 f t /s l .  In vector form.

f '  :  (0 .  -gm) :  l t t (O,  - .9 )

In th is case. Newton's Second Law F -  rnr ' ' ( r )  reduces to r"(r)  :  (0,  -g) .  We
determine r(r) by integrating twice:

r ' ( / )  -  [ '  , "  1r4 c]u :  [ '  P.  42l  ctu:  (0,  -32r)  + vs
J u  J 0

r ( r )  :  [ '  , ' *u )  du  -  / '  ( (0 .  42u) *  nn )  d t t  : (0 ,  -  t  o t2 l  + /vo  *  r r i
Jo Jt)

Here. r0 is the init ial position and vs is the init ial velocity. By our choice of coor-
dinates. r0 : 0. The init ial velocity vg has unknown length us, but we know that it
points in the direct ion of  the uni t  vector (cos60o. s in60') .Therefore,

vo : uo(cos 6oo. sin 60') -  , , , ,(+ f  )
\ '  '  I

r(r) : (0. - rorr) +,,.1+ +)
\2  2  I

800

3 Tra.iectory of the bullet.

Step 2. Solve for vs.
The position vector of the point on the tower is (800. 500), so the bullet wil l hit a point

on the tower 500 ft hish if there exists a time / such that

ru)  : (0 . - ror2)  + , , r ( ;  f )  - (8oo.soo)
\ -  -  |

Equating components. we obtain the equations

L Jl
i r r ,e  :  369.  -16t2  +  l tuo:  

500

The first equation yields 1 : 
1'600. 

Now substitute in the second equation and solve:
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