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EQUATIONS 
 
 

Uncertainty 

 up  =  ( δA / A ) × 100%  
 

Kinematics 

 Δx  = xf  - x0  

 Δt  =  tf  - t0  

 v-  =  ∆x / ∆t  =   ( xf  - x0 ) / ( tf  - t0 ) 

 a-  =  ∆v / ∆t  =   ( vf  - v0 ) / ( tf  - t0 ) 

 x  =  x0 + v- t  

 v-  =  (v0  + v ) / 2 

 v  =  v0 + a t  

 x  =  x0 + v0 t + ½ a t2  

 v2
  =  v0

2  + 2 a ( x - x0 )
  

 

Two-Dimensional Kinematics 

 a 2  +  b 2  =  c 2  

 c   =  √ ( a 2 + b 2 ) 

 A – B  =  A +  (–B) 

 Ax + Ay = A  

 Ax = A cos θ              Ay = A sin θ  

 A  =  √ ( Ax
2 + Ay

2 )            θ  =  tan−1 ( Ay / Ax ) 

 Rx  =  Ax + Bx            Ry  =  Ay + By  

 h  =  v0y 
2  / 2 g  

 R =  v0 
2 sin 2 θ0 / g 

 

Dynamics - Force and Newton’s laws of Motion 

 a  =  Fnet / m                                  Fnet   =  m a 

 w  =  m g  
 

Applications of Newton's Laws 

 fs   ≤   μs N                                     fs(max)   =   μs  N 

 fk   =   μk  N 

 FD  =   C ρ A v 2  

 v   =   √ ( 2 m g / ρ C A ) 

 Fs   =   6 π r η v  

 F  =   k ΔL                                     k   =   Y A / L0   

 F / A   =   Y  ( ΔL / L0 ) 

 Δx   =   ( 1 / S )  ( F / A )  L0   

 ΔV   =   ( 1 / B )  ( F / A )  V0   
 

Uniform Circular Motion and Gravitation 

 Δθ   =   Δs / r    2 π rad   =   1 rev 

 ω  =   Δθ / Δt  

 ac  =   v 2 / r    v   =   ω r         

 F   =   G m M / r 2  

 g   =   G M / r 2  

 T1 
2 / T2 

2 =   r1 
3 / r2 
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Work Energy and Energy Resources 

 W  =  F d  cos θ  

 Wnet  =   ½ m v 2   -   ½ m v0 
2   

 K  =   ½ m v 2   

 W  =   F d   =   m g h   

 Ug   =   m g h                                 Us   =   ½ k x 2  

 Ki  +  Ui   =   Kf  +  Uf  

 Ki  +  Ui  +  Wnc   +  Oi   =   Kf  +  Uf  +  Of  

 Eeff   =    Wout  /  Ein  

 P  =   W /  t   =   E  /  t                             E  =   P  t  
 

Linear Momentum and Collisions 

 p   =   m v  

 Fnet   =   Δp / Δt   

 Δp   =   Fnet  Δt  

 (p1 + p2 )f  =  ( p1 + p2 )i   =   constant  

 m1 v1    =    m1 v′1  cos θ1   +   m2 v′2 cos θ2     

 m1 v1    =    m1 v′1  sin θ1   +   m2 v′2 sin θ2     

 a   =   [ ( ve / m )  ( Δmb / Δt ) ]  −  g  
 

 

Statics and Torque 

 τ   =   r F sin θ  

 AM   =    Fo  /  Fi    =    li  /  lo   li  Fi   =    lo  Fo  
 

Rotational Motion and Angular Momentum 

 ω  =   Δθ / Δt  

 v  =  r ω                       ω  =  v / r 

 α  =  Δω / Δt  

 at  =  r α                        α  =  at  /  r  

 θ  =  θ0  +  ω t             

 ω  =  ω0  +  α t              

 θ  =  ω0 t  +  ½ α t 2               

 ω 2  =  ω0 
2 + 2 α θ    

 I  =  Σ m r 2  

 τnet  =  I α                                   α  =  τnet / I  

 Krot  =  ½ I ω 2   

 L  =  I ω  

 τ  =  ΔL / Δt  

 I ω  =   I′ ω′ 
 

Fluids 

 P  =  h ρ g     Pabs  =  Pg  +  Patm  

 FB  =  wfl  

 Q  =  V / t  =  A d / t  =  A ( d / t )   =  A v  

 A1 v1 =  A2 v2  

 P1  +  (½) ρ v1 
2  +  ρ g h1  =   P2  +  (½) ρ v2 

2  +  ρ g h2  

 E / t  =  P Q  

 η  =  F L / v A  

 R  =  8 η l  /  π r 4  

 Q  =  ( P2 − P1 ) π r 4 /  8 η l  

 NR  =  2 ρ v r / η  
 

Temperature Kinetic Theory and Gas laws 

 TC   =   ( 5 / 9 )  [ TF - 32˚ ]  ∆T (K)  =   ∆T (°C)   

 T   =   TC  +  273.15 

 ΔL   =   α L ΔT                              ΔV   =   β V ΔT 

 P V  =   N k T  

 k   =   1.38 × 10−23 J/K    

 NA  =   6.02 × 1023 mol−1  

 P V   =   n R T  

 R   =   NA k   =   8.31  J/mol  K 

 P   =   F / A  

 vrms   =   √ ( v 2 )avg  

 Kave   =   ( 3/2 )  kB T  
 

Heat and Heat Transfer Methods 

 Q   =   m c ΔT 

 Q   =   m Lf                                         Q   =   m Lv  

 Q / t   =    k A ( T2 − T1 ) / d  

 Q / t   =   σ e A T 4                           

 Qnet  / t   =   σ e A ( T2 
4  - T1 

4 )  
 

Thermodynamics 

 ΔU   =   Q − W                              ΔU   =   U2 − U1  

 Eeff   =   W / Qh                              W    =   Qh  −  Qc  

 Eeff   =   ( Qh  − Qc ) / Qh    =    1  −  ( Qc / Qh ) 

 Qc / Qh   =   Tc / Th                            Eeffc  =   1  -   ( Tc / Th ) 

 CPH  =   Qh / Win     =   Th / ( Th – Tc )  

 CPC  =   QC / Win    =   TC / (TH – TC )  

 ΔSrev  =    Q / T  
 

Constants 

 g  =  9.80  m/s2   

 1 lb  =  4.44822  N   1 kg  =  2.2 lb 

 1 hp  =  746 W   1 cal  =  4.184 J    

 1 atm  =  1.013 x 105 Pa  1 m3  =  103 L 

 G  =  6.67384(80) x 10-11  N m2/kg2  
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