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1  	One strategy in a snowball fight is to throw a snowball at a high angle over level ground.  While your opponent is watching  	the first one, a second snowball is thrown at a low angle timed to arrive before or at the same time as the first one.   	Assume both snowballs are thrown with a speed of 25.0 m/s.  The first one is thrown at an angle of 70.0° with respect to  	the horizontal.  (a) At what angle should the second snowball be thrown to arrive at the same point as the first? (b) How  	many seconds later should the second snowball be thrown after the first to arrive at the same time? 
 
SOLUTION: 
(a) The time of flight of the first snowball is the nonzero root of y y v tf= i+ yi1+[image: ]aty12 
	0 0 25.0= +(	 m s sin)( 70.0°)t1− 1(9.80 m s2 2)t1
2   
2(25.0 m s)sin70.0°
	t1=	2	= 4.79 s.
9.80 m s
 
	 	The distance to your target is 
	 	Now the second snowball we describe by 
	

	 
	1
y y v t= + + at2 f i yi2 y 2
2


	 	x x v tf− i= xi1= (25.0 m scos70.0 4.79 s 41.0 m)	°(	) =	. 
 0 25.0= ( m ssin) θ2 2t −(4.90 m s2 2)t2  t2 = (5.10 ssin) θ2 
	 	x x v tf− i= xi 2 
	 	41.0 m 25.0 m scos 5.10 ssin= () θ2(	) θ2 = (128 m sin cos) θ θ2	2 
	 	0.321=sin cosθ θ2	2 
1
	 	Using sin2 2sin cosθ= θ θ we can solve 0.321= sin2θ2 
2
	 	2θ2 =sin 0.643−1	 and θ2 = 20.0° . 
 
(b) The second snowball is in the air for time t2 = (5.10 ssin) θ2 = (5.10 ssin20 1.75 s)	°=	, so you throw it after the first by  
 
	 	t t1 2−	=4.79 s 1.75 s−	= 3.05 s . 
 
 
2. 	A tire 0.500 m in radius rotates at a constant rate of 200 rev/min. Find the speed and acceleration of a  small stone  	lodged in the tread of the tire (on its outer edge).  
r=0.500 m ; 
	219 m s inward2


	2πr 2 0.500π(	 m )
	vt=	=	60.0 s	=10.47 m s= 10.5 m s
	T	200 rev
 	 
	v2	(10.47)2
	a=	=	=
	R	0.5
 
3 A ball swings in a vertical circle at the end of a rope 1.50 m long.  When the ball is 36.9° past the lowest point on its way  	up, its  	total acceleration is (−22.5i ˆ + 20.2ˆ j )m / s2.  At that instant, (a) sketch a vector diagram showing 
  
 	the components  	of its acceleration,  (b) determine the magnitude of its radial acceleration, and  (c) determine the speed  	and velocity of the ball. 
(a) See figure to the right. 
 
	29.7 m s2


(b) [image: ]The components of the 20.2 and the 22.5 m s2 along the rope together constitute the centripetal acceleration: 
 
	 	ac= (22.5 m s cos2)	(90.0 36.9°−	° +)	(20.2 m s cos2) 36.9°= 
 
v2
(c) ac=	 so  r
 	v= 6.67 m s at 36.9 above the horizontal°	 
 
 	
4 A river has a steady speed of 0.500 m/s. A student swims upstream a distance of 1.00 km and  swims back to the starting  	point. If the student can swim at a speed of 1.20 m/s in still water, how long does the trip take? Compare this with the  	time the trip would take if the water were still. 
	1.67 10× 3 s


d 2000
 	Total time in still water t=	=	=. v 1.20
 	Total time = time upstream plus time downstream: 
tup =[image: ]=1.43 10× 3 s
 	 	 	 	 	  
	× 3 s


[image: ]tdown ==588 s.
1.20 0.500  Therefore, ttotal=1.43 10 588 2.02 10× 3+ =. 
 
5 A dive bomber has a velocity of  280 m/s at an angle θ below the horizontal.  When the altitude of the  aircraft is  2.15km, it releases a bomb, which subsequently hits a target on the ground.  The magnitude of the displacement from the  point of release of the bomb to the target is 3.25 km. Find the angle θ.  When the bomb has fallen a vertical distance  2.15 km, it has traveled a horizontal distance xf given by 
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	∴−2150 m 2437 m tan= (	) θi−(371.19 m 1)( +tan2θi)
∴tan2θ−6.565tanθi−4.792 0=
∴tanθi= 1(6.565± (6.565 41 4.792 3.283)2− ( )(−	)) =	±3.945. 2
 
 	Select the negative solution, since θi is below the horizontal. 
 
	 	∴tanθi=−0.662, θi=−33.5° 
 
6 In the experimental setup similar to the one shown during the class demonstration, the small ball is launched from the corner of inclined plane.  When the inclination of the plane α is 70deg the maximum range of the projectile is 50cm. Later the inclination of the plane changes to new unknown angle and the same projectile launcher is oriented at 30 deg to the horizontal line. The ball lands 1m away from the launcher. Find the new angle of inclination. 
 
 	SOLUTION: 
 
Let R be the range and g' and g'' the effective g value acting along the plane of motion of the projectile when the plane inclination with respect to horizontal is 70 deg and α respectively. 
v02 sin 2θ
 	 	 	 	 	R =	 	 
g'
We may use this to find the initial speed of the projectile given by the launcher (same in both cases). 
 
	v02 sin90	v02	v02	2	m2	m2
 	Rmax =	=	=	⇒ v0 = gRmax cos20 = (9.8)(0.5)cos20( 2 ) = 4.60	2 g'	g'	g cos20	s	s
Having v0  
We may use the equation for range in the second case ( inclination angle α and projectile orientation 30 deg) 
	2	2	2
	v0 sin 2θ v0 sin2(30)	m	sin140
 	R =	=	⇒ cos(90 −α) = (4.60	)	= 0.4065 2 g''	g cos(90 −α)	s	(9.8)(1)
 
 
90 −α= 66.0
 
α= 24.0
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