
Vertical motion. 
Stability 

 
 

In the figure above there are three images of a ball at rest at an equilibrium point on a 

surface(top middle, and bottom). In the figure above there are three images of a ball at rest 

at an equilibrium point on a surface(top middle, and bottom).  These images describe 

Stable, Unstable, and Neutral Equilibrium. 

 

 

In the top image the ball is at the bottom of a valley.  When it is pushed to the left gravity tends  

to move it _____________ and when it is pushed to the right gravity tends to move it 

_______________. 

a.  Farther to the left, farther to the right 

b.  Back to the center, farther to the right 

c. Farther to the left, back to the center 

d. back to the center, back to the center 

e. has no effect, has no effect 

 

In the middle image the ball is at the top of a hill.  When it is pushed to the left gravity tends to 

move it _____________ and when it is pushed to the right gravity tends to move it 

_______________. 

a.  Farther to the left, farther to the right 

b.  Back to the center, farther to the right 

c. Farther to the left, back to the center 

d. back to the center, back to the center 

e. has no effect, has no effect 

 

In the lower image the ball is on flat ground.  When it is pushed to the left gravity tends to move 

it _____________ and when it is pushed to the right gravity tends to move it _______________. 

a.  Farther to the left, farther to the right 

b.  Back to the center, farther to the right 

c. Farther to the left, back to the center 

d. back to the center, back to the center 

e. has no effect, has no effect 

 

 



In the atmosphere it is important to realize that relatively warm air rises and cold air sink.  

The atmosphere is stable if when a blob of air is pushed up it cools to a temperature below 

the surrounding air and sinks back down. 

 

The atmosphere is unstable if when a blob of air is pushed up it cools to a temperature that 

is above the surrounding air and sinks back down. 

 

The dry adiabatic lapse rate is about 10 °C/km.   

For the questions below assume that the moist adiabatic lapse rate is 6.0 °C/km. 

 

http://www.theweatherprediction.com/habyhints/161/ (Hint next question below) 

The difference between the "moist" and "dry" adiabatic rates is due to: 

a. the fact that saturated air is always unstable  

b. the fact that an unsaturated air parcel expands more rapidly than a saturated    air parcel  

c. the fact that moist air weighs less than dry air  

d. the fact that latent heat is released by a rising parcel of saturated air 

 

1.  An air parcel at the surface has a temperature of 20 °C and begins to rise because of 

convection.  Assuming that the parcel is unsaturated and rises from the surface adiabatically, 

calculate the temperature of this parcel at 1.0 km and 2.0 km. Record your values in the table 

below. 

 

2.  Assuming that the parcel is saturated and  rises adiabatically, calculate the temperature of this 

parcel at 1.0 km and 2.0 km. Record your values in the table below. 

 

3. The surface air temperature is given below as 20 °C.   If the actual environmental lapse rate is 

4.0 °C/km, calculate the actual air temperature at altitudes of 1.0 and 2.0 km and record in the 

table below.   

 

 Actual Air Temp.   Parcel Temp if 

unsaturated 

 Parcel Temp if saturated 

2.0 km      

      

1.0 km      

      

0 km 20°C  20 °C  20 °C 

 

3.  If the environmental lapse rate is 4.0 °C/km is the air  

a. Absolutely Stable 

b. Conditionally stable 

c. Absolutely unstable 

 

 

 

 

http://www.theweatherprediction.com/habyhints/161/


 

 

 

 

 

 

 

4. The surface air temperature is given below as 20 °C.   If the actual environmental lapse rate is 

7.0 °C/km, calculate the actual air temperature at altitudes of 1.0 and 2.0 km.  The last two 

columns in the table below are the same values as your first table. 

 

 Actual Air Temp.   Parcel Temp if 

unsaturated 

 Parcel Temp if saturated 

2.0 km      

      

1.0 km      

      

0 km 20°C  20 °C  20 °C 

 

5.  If the environmental lapse rate is 7.0 °C/km is the air  

a. Absolutely Stable 

b. Conditionally stable 

c. Absolutely unstable 

 

6. The surface air temperature is given below as 20 °C.   If the actual environmental lapse rate is 

12.0 °C/km calculate the actual air temperature at altitudes of 1.0 and 2.0 km.  The last two 

columns in the table below are the same values as your first table. 

 

 Actual Air Temp.   Parcel Temp if 

unsaturated 

 Parcel Temp if saturated 

2.0 km      

      

1.0 km      

      

0 km 20°C  20 °C  20 °C 

 

7.  If the environmental lapse rate is 12.0 °C/km is the air  

a. Absolutely Stable 

b. Conditionally stable 

c. Absolutely unstable 

 

 

8. When surface heating warms the air near the surface without warming the air higher up the 

stability of the atmosphere tends to (increase/ decrease) 

 



9. When surface cooling cools the air near the surface without warming the air higher up the 

stability of the atmosphere tends to (increase/ decrease) 

 

10.  A sinking layer of air (subsidence) tends to (warm/cool) the lower part of the layer 

(more/less) than the upper part of the layer.  This tends to increase/decrease atmospheric 

stability. (circle best choices) 

 

11.  A rising layer of air (convection) tends to (warm/cool) the lower part of the layer 

(more/less)  than the upper part of the layer.  This tends to increase/decrease atmospheric 

stability. (circle best choices) 

 

 

 

Vertical motion Answers 

Stability 

 
 

In the figure above there are three images of a ball at rest at an equilibrium point on a 

surface(top middle, and bottom).  These images describe Stable, Unstable, and Neutral 

Equilibrium. 

 

In the top image the ball is at the bottom of a valley.  When it is pushed to the left gravity tends  

to move it _____________ and when it is pushed to the right gravity tends to move it 

_______________. 

a. Farther to the left, farther to the right 

b.  Back to the center, farther to the right 

c. Farther to the left, back to the center 

d. back to the center, back to the center 

e. has no effect, has no effect 

 

In the middle image the ball is at the top of a hill.  When it is pushed to the left gravity tends to 

move it _____________ and when it is pushed to the right gravity tends to move it 

_______________. 

a.  Farther to the left, farther to the right 

b.  Back to the center, farther to the right 

c. Farther to the left, back to the center 

d. back to the center, back to the center 

e. has no effect, has no effect 

 



In the lower image the ball is on flat ground.  When it is pushed to the left gravity tends to move 

it _____________ and when it is pushed to the right gravity tends to move it _______________. 

a.  Farther to the left, farther to the right 

b.  Back to the center, farther to the right 

c. Farther to the left, back to the center 

d. back to the center, back to the center 

e. has no effect, has no effect 

 

 

 

 

The dry adiabatic lapse rate is about 10 °C/km.   

For the questions below assume that the moist adiabatic lapse rate is 6.0 °C/km. 

 

The difference between the "moist" and "dry" adiabatic rates is due to: 

a. the fact that saturated air is always unstable  

b. the fact that an unsaturated air parcel expands more rapidly than a saturated    air parcel  

c. the fact that moist air weighs less than dry air  

d. the fact that latent heat is released by a rising parcel of saturated air 

 

1.  An air parcel at the surface has a temperature of 20 °C and begins to rise because of 

convection.  Assuming that the parcel is unsaturated and rises from the surface adiabatically, 

calculate the temperature of this parcel at 1.0 km and 2.0 km. Record your values in the table 

below. 

 

2.  Assuming that the parcel is saturated and  rises adiabatically, calculate the temperature of this 

parcel at 1.0 km and 2.0 km. Record your values in the table below. 

 

3. The surface air temperature is given below as 20 °C.   If the actual environmental lapse rate is 

4.0 °C/km, calculate the actual air temperature at altitudes of 1.0 and 2.0 km and record in the 

table below.   

 

 Actual Air Temp.   Parcel Temp if 

unsaturated 

 Parcel Temp if saturated 

2.0 km 12 °C  0 °C  8 °C 

      

1.0 km 16 °C  10 °C  14 °C 

      

0 km 20°C  20 °C  20 °C 

 

3.  If the environmental lapse rate is 4.0 °C/km is the air  

d. Absolutely Stable 

e. Conditionally stable 

f. Absolutely unstable 

 



4. The surface air temperature is given below as 20 °C.   If the actual environmental lapse rate is 

7.0 °C/km, calculate the actual air temperature at altitudes of 1.0 and 2.0 km.  The last two 

columns in the table below are the same values as your first table. 

 

 

 Actual Air Temp.   Parcel Temp if 

unsaturated 

 Parcel Temp if saturated 

2.0 km 6 °C  0 °C  8 °C 

      

1.0 km 13 °C  10 °C  14 °C 

      

0 km 20°C  20 °C  20 °C 

 

5.  If the environmental lapse rate is 7.0 °C/km is the air  

d. Absolutely Stable 

e. Conditionally stable 

f. Absolutely unstable 

 

6. The surface air temperature is given below as 20 °C.   If the actual environmental lapse rate is 

12.0 °C/km calculate the actual air temperature at altitudes of 1.0 and 2.0 km.  The last two 

columns in the table below are the same values as your first table. 

 

 

 Actual Air Temp.   Parcel Temp if 

unsaturated 

 Parcel Temp if saturated 

2.0 km -4 °C  0 °C  8 °C 

      

1.0 km 8 °C  10 °C  14 °C 

      

0 km 20°C  20 °C  20 °C 

 

 

7.  If the environmental lapse rate is 12.0 °C/km is the air  

f. Absolutely Stable 

g. Conditionally stable 

h. Absolutely unstable 

 

 

8. When surface heating warms the air near the surface without warming the air higher up the 

stability of the atmosphere tends to (increase/ decrease) 

 

9. When surface cooling cools the air near the surface without warming the air higher up the 

stability of the atmosphere tends to (increase/ decrease) 

 



10.  A sinking layer of air (subsidence) tends to (warm/cool) the lower part of the layer 

(more/less) than the upper part of the layer.  This tends to increase/decrease atmospheric 

stability. (circle best choices)  (think of subsidence inversion) 

 

11.  A rising layer of air (convection) tends to (warm/cool) the lower part of the layer 

(more/less)  than the upper part of the layer.  This tends to increase/decrease atmospheric 

stability. (circle best choices)  convective instability 

 

 

 

 

 


