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In the high-stakes environment of commercial aviation, particularly within the cockpit of a Boeing 737-800 Next
Generation (NG), the ability to fly "by the numbers" is not merely a skill—it is a fundamental necessity for flight
safety and operational efficiency. While modern Flight Management Computers (FMC) and Autopilot Flight Director
Systems (AFDS) provide a high degree of automation, the core competency of a pilot remains rooted in their
understanding of Pitch and Power settings. This technical analysis delves into the specific configurations required
to maintain stabilized flight across all phases of operation, providing a definitive reference for both training and line
operations.

The Philosophy of Attitude Instrument Flying

The principle of "Pitch + Power = Performance" serves as the bedrock of instrument flight. For the Boeing 737-800,
a highly responsive and powerful narrow-body aircraft, small deviations in thrust or attitude can lead to significant
excursions in airspeed and altitude if not managed correctly. In the event of a Flight Director (FD) failure or
unreliable airspeed indication, a pilot’s reliance on known, verified pitch and power settings becomes the primary
means of maintaining aircraft control.

Pitch refers to the aircraft's longitudinal attitude relative to the horizon, measured in degrees on the Primary Flight
Display (PFD). Poweris represented by the N1 percentage—the rotational speed of the low-pressure compressor
section of the CFM56-7B engines. Understanding the synergy between these two variables allows for predictable
aircraft behavior, regardless of external atmospheric conditions.

Core Theoretical Framework: Aerodynamics and Weight Variables

Before examining specific settings, it is essential to understand the variables that necessitate adjustments to the
"standard" numbers. The Boeing 737-800's performance is heavily influenced by:

¢ Gross Weight: A heavier aircraft requires either a higher pitch angle or increased thrust to maintain the same
altitude and airspeed compared to a lighter aircratft.

e Center of Gravity (CG): The longitudinal position of the CG affects the elevator authority and the trim required
to maintain a specific pitch attitude.

e Environmental Factors: Density altitude and Outside Air Temperature (OAT) significantly impact engine
efficiency (N1 effectiveness) and aerodynamic lift.

For the purposes of this guide, the settings provided assume a median operational weight of approximately 63,000
kg to 65,000 kg, which is standard for many simulator-based Proficiency Checks (PC) and Multi-Crew
Coordination (MCC) training sessions.

Technical Analysis of Normal Operations (Two Engines)

Manual flight maneuvers require the pilot to memorize specific "gates." These gates are the pitch and power
combinations that result in a stabilized state. Below is a detailed breakdown of these settings across the standard
flight profile.



1. Take-off and Initial Climb

During the take-off roll, once V1 and Vr (Rotation Speed) are reached, the pilot initiates a smooth rotation toward

an initial target pitch. For the 737-800, this is typically 15 degrees nose-up. Following liftoff, the Flight Director
provides guidance based on V2+15 to V2+25 knots.

The climb angle often peaks shortly after take-off because the aircraft is operating at high thrust (Take-off N1) while
moving at relatively low speeds. As the aircraft accelerates and flaps are retracted, the pitch must be adjusted
downward to maintain the acceleration schedule while following the noise abatement or standard instrument
departure (SID) requirements.

2. Level Flight and Cruise Configurations

In level flight, the objective is to maintain a constant altitude while adhering to speed restrictions or cruise Mach
numbers. The following table illustrates the requirements for various configurations at low to medium altitudes
(below 10,000 feet):



Configuration

Flaps UP (Clean)

Flaps UP (Clean)

Flaps 1

Flaps 5

Target Speed (KIAS)

250 kts

210 kts (Up Speed)

190 kts

170 kts

3.The Stabilized Approach

The most critical phase for pitch and power management is the final approach. A stabilized approach is defined by
a constant flight path (usually 3 degrees) at a stable speed with the landing configuration set. For a Boeing

737-800, the "Magic Numbers" for a 3-degree glideslope are remarkably consistent.

Pitch Attitude (Degrees)

4.5&deg; - 5.0&deg;

6.0&deg; - 7.0&deg;

6.0&deg;

6.0&deg;

Approximate N1 (%)

55% - 60%

50% - 55%

55% - 60%

60% - 65%

Using Flaps 30 (the standard landing setting), the target pitch is approximately 2.5 degrees nose-up. This may
seem counter-intuitive to novice pilots (pointing the nose up while descending), but the high lift generated by the
flaps and the high thrust required to overcome the resulting drag necessitate this attitude to maintain the descent

path. The power setting usually sits around 53% to 57% N1.

Non-Normal Operations: One Engine Inoperative (OEI)

The loss of an engine (Engine Failure or Fire) significantly alters the pitch and power requirements due to the loss
of 50% of available thrust and the introduction of asymmetric drag. In an OEI scenario, the priority is to maintain V2
to V2+15 knots during the initial climb.

OEIl Pitch and Power Matrix



Phase of Flight Pitch Attitude N1 Setting Target Speed

Initial Climb (OEI) 12&deg; - 13&deg; Max Continuous (MCT) V2 to V2+15
Level Off (Flaps Up) 2.0&deg; - 3.0&deg; Approx. 70% Clean Speed
Approach (Flaps 15) 5.0&deg; 65% - 70% Vref 15 + Wind Correction

Note that during an OEI approach, Flaps 15is the standard configuration to minimize drag and ensure go-around
capability. This requires a higher pitch attitude (approx. 5 degrees) compared to the 2.5 degrees used in a nhormal
Flaps 30 landing.

Step-by-Step Practical Implementation: Flying by Numbers

To implement these settings effectively during manual flight, pilots are encouraged to follow the " Set, Check,
Adjust" workflow:

1. Set: Adjust the pitch to the known value (e.g., 2.5&deg; for approach) and move the thrust levers to the
estimated N1 (e.g., 55%).

2. Check: Observe the trend vectors on the PFD. Is the airspeed increasing or decreasing? Is the altitude/
glideslope being maintained?

3. Adjust: Make small, incremental changes. A 1% N1 change roughly equates to a 5-knot speed change over
time. A 1-degree pitch change significantly affects the vertical speed.

4. Trim: Once the desired attitude is reached, trim the aircraft to neutralize control column pressure. A well-
trimmed 737 is essential for accurate pitch management.

Descent Profiles and Energy Management

Managing the descent in a 737-800 requires an understanding of vertical speed (V/S) vs. pitch. A standard descent
at 250 KIAS with thrust at IDLE will typically resultin a 0 to -1 degree pitchattitude and a descent rate of
approximately 1,500 to 2,000 feet per minute (fpm).

If the pilot needs to increase the descent rate without increasing speed, the use of Speed Brakes(Spoilers) is
required. With speed brakes extended, the pitch will need to be slightly lower to maintain the target speed, as the
spoilers increase the stall speed and disrupt airflow over the wing.

Case Study: The Importance of N1 Awareness in Go-Arounds

Consider a scenario where a pilot initiates a Go-Around. The standard procedure is to press the TO/GA (Take-off/
Go-around) switches, which commands the engines to provide sufficient thrust for a 2,000 fpm climb. In the
737-800, this often results in an N1 of approximately 80-85%.

The Failure Mode: If a pilot manually advances thrust to full Take-off N1 (95%+) during a light-weight go-around,
the aircraft will accelerate rapidly, potentially exceeding flap limit speeds (Vfe). Furthermore, the high pitch required
to maintain a safe speed under such high thrust (often exceeding 20 degrees) can lead to spatial disorientation or a
tail strike risk if the rotation is too aggressive. Understanding that 15 degrees pitch and ~85% NLlis usually
sufficient for a safe go-around is a hallmark of technical proficiency.

Comparison: 737-800 vs. Other Variants



While the 737-700 and 737-900 share the same cockpit layout, their pitch and power settings differ due to fuselage
length and weight.



Variant Standard Approach Pitch Typical N1 Key Difference

(F30)
737-700 1.5&deg; - 2.0&deg; 50-52% Lighter, requires less thrust.
737-800 2.5&deg; 55% Industry standard
benchmark.
737-900ER 3.0&deg; - 3.5&deg; 58-60% Higher drag, higher tail-
strike risk.

Operational Challenges: Atmospheric and Weight Variations

One of the most common challenges in applying these "magic numbers" is failing to account for atmospheric
turbulence and wind shear. In gusty conditions, pilots typically add half of the steady headwind component plus the
full gust increment to their Vref speed (up to a maximum of Vref+20).

This increased speed requirement means the N1 must be bumped up—often by 2% to 5%—to maintain the
glideslope. Conversely, in a strong tailwind approach, the groundspeed increases, requiring a higher rate of
descent. To maintain the 3-degree path, the pilot must reduce power (sometimes near idle) and lower the pitch
slightly to prevent overshooting the touchdown zone.

Mathematical Modeling of Power Adjustments

A useful rule of thumb for 737 pilots is that 1% of N1 is approximately equal to 5 knots of airspeed in level flight.
If you are 10 knots slow, a 2% N1 increase will generally correct the trend without causing an overspeed. Similarly,
for vertical path management, 1 degree of pitch change results in approximately 300-500 fpmchange in
vertical speed at typical approach velocities.

Synthesizing Technical Proficiency

Mastery of the Boeing 737-800’s pitch and power settings represents the transition from a pilot who merely "follows
the needles" to one who truly commands the aircraft. By internalizing these numbers, a pilot develops a mental
model that acts as a continuous sanity check against automated systems. If the Flight Director commands a 10-
degree pitch-down on final approach, a pilot who knows that 2.5 degrees is the standard will immediately recognize
a system malfunction, thereby preventing a potential Controlled Flight Into Terrain (CFIT) incident.

Continuous practice in the simulator, focusing on manual flight with "raw data" (no FD, no Autothrottle), is the only
way to refine these skills. In the modern era of aviation, where automation dependency is a growing concern, the
"magic numbers" of pitch and power remain the ultimate toolkit for the professional aviator, ensuring that they
remain the final authority in the cockpit, capable of safe flight under any circumstances.
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