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Physics 105; Summer 2006

REVIEW 1
Review for the First Common QZ

(HR&W, Chapters 1-4)

http://web.njit.edu/~sirenko/
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Common QZ includes: 

Unit Conversion

Vectors (addition, subtraction, 
multiplication, angle between vectors)

Motion along the Straight line
with constant acceleration 

Projectile Motion
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Unit Conversions
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EXAMPLE: 
What is the volume of the book in cm3. 
(hint: 1 inch = 2.54 cm)

11 inch

8 inch

2 inch
Solution:

V = (2x2.54)(8x2.54)(11x2.54)cm3= 
=2.9x103 cm3
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Vectors:
(variables with magnitude and direction)

Displacement:
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Components of Vectors:

Length (Magnitude)
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Vector Multiplication

Scalar product

Scalar product
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Motion  Along a Straight Line

Displacement:

Displacement is a change of position in time. 

It is a vector quantity. 

It has both a direction and magnitude. 

It has units of [Length]: meters. 
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Constant 
Acceleration
(a > 0)

v(t) = v0 + at; 

x(t) - x0 = v0 t +at2/2

x(t) - x0 = (v(t) 2- v0
2)/2a

x - x0 = ½ (v + v0 )t
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t = 0   beginning of the process
x = 0  (origin) is arbitrary; can set where you want it
x0 = x(t=0);  position at t=0; do not mix with the origin !

v (t) = 0   x does not change x(t) - x0 = 0
v0 = 0 v(t) = at; x(t) - x0 = at2/2
a = 0 v(t) = v0; x(t) - x0 = v0 t

a ≠ 0 v(t) = v0 + at; x(t) - x0 = v0 t +at2/2
help: t = (v - v0)/a x - x0 = ½(v 2- v0

2)/a
a = (v - v0)/t x - x0 = ½ (v + v0 )t

Acceleration and velocity are positive in the same 
direction as displacement is positive 

What does zero mean ?
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g

Y

Y=0
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g

Y

Y=0

More general 
case of the 
Free Fall Motion
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Example:
Car starts at rest and accelerates for 10 seconds with a=+5 m/s2 . Then the driver pushes the 
breaks and comes to a complete stop with accelerates of a=-3 m/s2 . What is the total 
traveled distance?
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a=+5 m/s2

x x=0

Example:
Car starts at rest and accelerates for 10 seconds with a=+5 m/s2 . Then the driver pushes the 
breaks and comes to a complete stop with accelerates of a=-3 m/s2 . What is the total 
traveled distance?

a=-3 m/s2

x1= v0 t +at2/2 = 5 m/s2 *100 s2 /2 = 250 m; 
v = at = 5 m/s2 *10 s = 50 m/s  (ticket ?)

x2= (v(t) 2- v0
2)/2a = (0-50*50 m2/s2 )/(-2*3 m/s2)= 417 m

x1 + x2= 250m + 417m = 667 m 
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Projectile Motion
Horizontal motion + Vertical motion
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Projectile Motion
Horizontal motion Vertical motion
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Projectile Motion; General Case
Trajectory and horizontal range
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Example: Projectile Motion

10 m

V0=20 m/s

Angle 350

x=?

1. Find the 
magnitude of 
the final 
velocity and find 
the velocity 
components 
when it touches 
the ground 

2. What is the 
horizontal 
distance  X ?  
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Example: Projectile Motion

10 m

V0=20 m/s

Angle 350

1. vx = Constant

2. vx = v0 cos 350 = 16.4 m/s

3. vy= v0 sin 350 –gt

4. Find time of flight using

0=h+ v0sin 350 t –gt2/2

Plug the numbers in:

0=10m+11.5m/s*t – 9.8m/s2 t2/2

4.9 t2 –11.5m/s*t - 10m = 0

Solve it for t and find two roots:

t1= -0.7 s   (what does it mean ?)

t2= 3.0 s

vy= 11.5m/s–9.8m/ s2 *3s = -18m/s

v = (vx
2+ vy

2 ) ½ = 24 m/s

x = 16.4 m/s * 3s = 49 m

x=?
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Projectile Motion
EXAMPLE for the Horizontal range:
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Newton’s Laws
I. If no net force acts on a body, then the body’s velocity cannot 

change.
II. The net force on a body is equal to the product of the body’s 

mass and acceleration.
III. When two bodies interact, the force on the bodies from each 

other are always equal in magnitude and opposite in direction 
(F12 = -F 21)

Force is a vector
Force has direction and magnitude
Mass connects Force and acceleration;
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Forces:
Gravitational Force: Fg = mg down to the ground

Tension Force: T along the string

Normal Force: N perpendicular to the support

Friction Force
Static;  maximum value fs = µstN

opposite to the component of other forces parallel to the support
Kinetic;  value fk = µkinN

opposite to the velocity, parallel to the support
µst > µkin
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N + F sin θ = mg; 
N = - F sin θ + mg
N = -100 sin 25o + 10*9.8 (Newton) = 56 N 

v2 - vo
2 = - 2ax; a = vo

2 /2x

F = mg sin θ;  a = g sin θ sin θ = vo
2 /(2gx);

θ = sin-1 (vo
2 /(2gx)) = sin-1(0.16) = 9.4o
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T’ = 18 N

T’

F > Fst (20N > 19.6N) or F ≅ Fst (20N ≅ 19.6N) 
a = (F – Fkin)/m = (20-9.8)/5 = 2.04 m/s2 (too many sign. Figs.)

v2 - vo
2 = - 2ax; a = vo

2 /2x
F = mg µ;  a = g µ µ = vo

2 /(2gx);
µ = 25 /(19.6*20)) = 0.064   (mass is not important !)
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ma = F - mg sin θ - f
ma = F – 42N – f
f is directed as “3”

Y: mg cos θ = N;    f = µ N;  f = µ mg cos θ
ma = 0 = F - mg sin θ - µ mg cos θ
F = mg(sin θ + µ cos θ )
F = 100(N)*(sin 25o + 0.15 cos 25o )= 55.8 (N) ≈ 56 (N)

y
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QZ: Projectile MotionQZ#7

v0 = 5 m/s; 
h = 2 m
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v0x = v0; x0 = 0
v0y = 0; y0 = h

x
y

∆x = ???
For x direction: t = ∆x/ v0

For y direction: y(t) = 0 
y(t) - h = v0y t - gt2/2
∆x= v0⋅(2h/g)½


